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Preface
It is a great privilege to edit this volume on cervical pathology as part of the series of
books on gynecological pathology. The structure of the book is similar to other volumes
in the series, beginning with a discussion of normal structure, in this case focusing
particularly on the cervical transformation zone and the putative cells of origin of
neoplastic cervical lesions. Cervical disease is dominated by the effects of human
papillomavirus (HPV) infection, and the content of the book reflects this, with both a
specific chapter on HPV and discussion of HPV and its relationship to cervical lesions
in several of the other chapters. Chapters on cervical screening and the management of
cervical cancer are followed by sequential treatment of benign, preinvasive, and
invasive squamous and glandular lesions of the cervix, both HPV- and non-HPV-related.
The final chapters focus on mesenchymal and mixed tumors, and other neoplasms
including neuroendocrine tumors. Appendices outlining specimen handling, tumor
staging, and the use of frozen section diagnosis are also included.

I am extremely grateful to the chapter contributors for their excellent contributions.
Thanks go also to the publishers, who have seen the project through to completion.
Finally, I would like to thank the series editors for asking me to edit this volume, which
I hope will be of value to those who read it.

C. Simon Herrington
Edinburgh, UK



Preface to the Series
Over the last few decades, the study of cervical cancer has elucidated not only
mechanisms of oncogenesis but also the fantastic potential of an effective cancer
prevention strategy. Given this knowledge, it is lamentable that this preventable cancer
continues to afflict more than half a million women worldwide annually. More than
three-quarters of all cases occur in low-resource nations, and in wealthier nations, there
are striking differences between privileged and underprivileged areas. The differences
in incidence are mirrored in mortality statistics, with far higher proportions of fatal
cases in women who have never been screened.

It is important therefore to continuously strive towards improving outcomes, starting
with diagnostic accuracy. While the human papillomavirus (HPV) accounts for the vast
majority of cervical cancers, recent years have also thrown light on the biology of the
less frequent but generally more aggressive HPV-independent cancers which are mainly
of glandular type. Advances in diagnostic adjuncts including biomarkers and efforts to
standardize terminology and classification have the potential to improve diagnostic
reproducibility. Disease outcomes have improved with newer treatment strategies
designed to reduce the adverse effects of treatment and to promote fertility-conserving
options, while clinical trials continue to address unanswered questions.

The British Association of Gynaecological Pathologists (BAGP) was formed with
the objectives to promote the health of women by the study of the pathology of
gynecological diseases, to advance the knowledge and practice of gynecological
pathology, and to improve the accuracy of pathological diagnosis. The BAGP fulfills
these objectives through educational meetings, courses, collaborative projects, surveys,
and posting of educational material on its website (www.thebagp.org). Endorsement of
this textbook series is part of its goal to promote accuracy and precision in diagnostic
gynecological pathology.

It is with pleasure and pride that we present this third volume of the series.
Gynecological pathology forms a major part of the workload of most histopathology
laboratories. The female genital tract is complex, and the main intention behind
producing this series is to provide detailed information on specific areas in a compact
and affordable format. We hope that this timely update will be of interest to trainee and
consultant pathologists worldwide.

Naveena Singh
W. Glenn McCluggage

London, UK, Belfast, UK
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Abstract
Normal development of the uterine cervix has been widely studied and the origin of
both the columnar and squamous epithelia, as well as the molecular basis of their
differentiation, has been established. The process of early carcinogenesis in the uterine
cervix has also been described extensively, in particular with respect to the role of
human papillomavirus (HPV) infection. However, questions remain about the progenitor
cell(s) that play(s) a role in normal (embryonic and fetal) development, as well as in the
oncogenic processes that take place in the transformation zone of the uterine cervix.
This chapter describes the development of the human lower female reproductive tract,
in particular the cervical squamocolumnar junction, and its implications for the
pathogenesis of cervical cancer.

Keywords Stem cells – Reserve cells – Cervical carcinogenesis – HPV target cells –
Fetal uterine cervical development

Introduction
This chapter describes the development of the human lower female reproductive tract,

mailto:hopman@maastrichtuniversity.nl


in particular the squamocolumnar junction, and the implications for the pathogenesis of
cervical cancer. Normal development of the uterine cervix has been studied by several
research groups, who have described features of the origin of both the columnar and
squamous epithelia, as well as the molecular basis of their differentiation [1–5]. The
process of early carcinogenesis in the uterine cervix has been described extensively, in
particular with respect to the role of human papillomavirus (HPV) infection [6–13].
However, questions with respect to the progenitor cell(s) that play(s) a role in normal
(embryonic and fetal) development, as well as in the oncogenic processes that take
place in the transformation zone of the uterine cervix, have been addressed only
scarcely [4, 14, 15].

Therefore, the different processes that occur close to the squamocolumnar junction
during human embryonic development, adolescence, and adulthood are discussed. The
metaplastic process and potential progenitor cells in the transformation zone, which
play a pivotal role during the early stages of carcinogenesis, are described, and the
cells targeted by HPV are characterized. Our conclusions are mainly based on
immunophenotypic analysis of the different tissue and cell types in normal tissues and in
precancerous lesions, using well-known biomarkers.

Development of the Lower Female Reproductive Tract
The majority of the mammalian female reproductive tract develops from the Müllerian
ducts, which form as invaginations of coelomic epithelium into the urogenital ridge
mesenchyme, through which they grow caudally [16]. During early development in
females, the caudal tip of the Müllerian duct, which is covered with columnar
epithelium, reaches the urogenital sinus and fuses with the sinovaginal bulb, a solid
squamous epithelial cord on the dorsal wall of the urogenital sinus (Müllerian tubercle)
(see Fig. 1.1a) [17].



Fig. 1.1 Embryonic and fetal development of the human lower female reproductive tract. During early embryonic
development, the Müllerian duct epithelium (MD), under guidance of the Wolffian duct (WD), reaches the urogenital
sinus (UGS) (a). Expansion of the vaginal plate results in a solid cord in which the Müllerian vaginal epithelium is
responsible for the formation of two-thirds of the vagina (b). Horizontal arrows indicate clonal expansion in caudal
and cranial directions. During further development the solid cord opens and a primitive squamocolumnar junction is
formed, the later original squamocolumnar junction (OSCJ) (c, d). Vertical arrows indicate the mesenchymal signals
that influence vaginal epithelialization. After 20 weeks of gestation, reserve cells (RC) are formed that are present
throughout adult life, extending up to the endocervical-isthmus junction (EIJ). (e) Reprogramming of these RCs into
metaplastic squamous epithelium in the transformation zone (TZ) results in a new squamocolumnar junction (NSCJ)

At that point the discussion of development touches a long-standing controversy [17,
18]. Questions about the differences between the epithelium covering the vagina and
lining the uterus, about the origin of the vagina and on how the columnar epithelium in
the Müllerian vagina is converted into stratified squamous epithelium, have not been
completely resolved. Several theories have been proposed [5] , but the most widely
accepted theory hypothesizes that the upper two-thirds of the Müllerian vagina originate
from the caudal part of the Müllerian duct, while the lower part of the vagina develops
from the urogenital sinus. It was demonstrated that the Wolffian duct does not contribute
cells to the growing Müllerian duct, but plays an important role in guiding the growth of
the Müllerian duct tip in the direction of the urogenital sinus [19, 20]. The union of the
Müllerian duct epithelium and the urogenital sinus forms a flat epithelial cord called the
vaginal plate.

In a cell lineage tracing experiment in mice, it was recently shown that the entire
epithelium of the adult mouse vagina is derived solely from Müllerian duct epithelium
[3]. The urogenital sinus was shown to play a critical role in the development of the
vagina only by providing the path for caudal growth of the Müllerian duct. In mouse



embryonic development, the urogenital sinus remains solid, and the Müllerian vagina is
a tube that, even at birth, is lined primarily by columnar epithelium. In the human
embryo, this solid cord can be recognized up to week 29 of gestation (see Figs. 1.1b, c
and 1.2c). During normal fetal development, the upper part of the vaginal epithelium
develops via transformation of the columnar Müllerian duct epithelium through a
multilayered cuboidal phenotype into squamous epithelium [21, 22]. The transcription
factor p63 plays a key role in this transformation process [23, 24], and a small number
of cells positive for p63 are present in the Müllerian vagina at the junction with the
sinovaginal bulb. The epithelium in the lower vagina already has a squamous phenotype
by the time that the squamous plate is canalized and the lumen is formed.

Fig. 1.2 Expression of p63; (cyto)keratins k5, k7, k8, and k17; and BCL2 in human fetal uterine cervix at weeks 18
and 22 of gestation. K7 and k8 are strongly expressed in the Müllerian duct epithelium at week 18, while k5 and BCL2
are expressed at a lower level (a, b, e , h, l, o). At week 22, the expression of biomarkers in the area in the solid cord



(box 1 in c) is shown in (f, i, m, p); the primitive squamocolumnar junction (box 2 in c) is shown in (d, k, r); and the
Müllerian duct epithelium (box 3 in c) is shown in (g, j, n, q). Note the positivity for p63, k7, and k17 in the solid cord,
the appearance of p63 positivity in reserve cells in the Müllerian duct epithelium close to the squamocolumnar junction
(g; arrows), and the phenotypic switch for k7 and k17 in the squamocolumnar junction

During fetal life a complex molecular program is followed by which the columnar
epithelium is transformed into the squamous epithelium of the vagina, while the
columnar Müllerian epithelium is anatomically separated from this vaginal
epithelialization. Mesenchymal signals influence epithelial cell fate during this
squamous transformation of Müllerian vaginal epithelium, as does expression of p63. In
utero exposure to the synthetic estrogen diethylstilbestrol (DES) has shown that
permanent p63 expression strongly influences the developmental fate of Müllerian duct
epithelium. DES obstructs differentiation of the vaginal Müllerian epithelium, which
remains simple columnar in type, causing vaginal adenosis [2, 23–25]. During normal
fetal development, the vaginal Müllerian epithelium develops from a multilayered
cuboidal phenotype into a stratified squamous epithelium.

The squamocolumnar junction, where columnar and squamous epithelia merge, can
be recognized in the human embryo from week 20–24 onward (see Figs. 1.1c–e and
1.2c) and remains present throughout life. Cranial to this junction, the columnar
epithelium can also be transformed into squamous epithelium, and the reserve cells
(RC) beneath the columnar epithelium can be reprogrammed into squamous epithelium.
A new squamocolumnar junction is formed (NSCJ) via a process of squamous
metaplasia (see Fig. 1.1e). The area between the old and new squamocolumnar
junctions is defined as the transformation zone (TZ). The reserve cells can already be
detected in fetal life from week 24 onward and are present throughout life. These
progenitor cells are found up to the junction between the endocervical canal and the
uterine isthmus. Understanding the properties of the different types of cells in the TZ,
including the potential progenitor cells of the squamous and columnar epithelia, is
important for understanding the origin and behavior of 90% of all (pre)malignant uterine
cervical lesions, which are localized to this dynamic area [11–13].

Immunophenotypic Characterization of the Developing Human
Fetal Squamocolumnar Junction
Molecular markers can be applied to study the complex embryonic transition of the
Müllerian duct epithelium into the squamous epithelium of the vagina and ectocervix on
the one hand and into the columnar epithelium of the endocervix on the other [1, 17, 22,
23]. Also, the stage at which an early or primitive squamocolumnar junction is formed
can be studied by applying such markers by immunophenotyping. (Cyto)keratins are
differentiation markers for the different types of epithelial cells in the cervix and have



been applied to epithelial neoplasms to determine cell lineage and differentiation and
for differential diagnosis [26–30]. For example, antibodies directed to keratin 5 (k5)
and k17 can be used to detect squamous differentiation, while k7 and k8 are
characteristic of glandular differentiation. The protein p63, a p53 homologue and a
transcription factor, is required for normal development and epithelial cell
differentiation in the vagina and endocervix [2, 23]. As a marker, p63 is used for
recognition of basal squamous cells and other types of progenitor cells in epithelial
tissues. BCL2 is a marker for cell survival and an indicator of protection against
apoptosis and can be used as such to recognize stem cells [31].

Two studies complement each other in describing the spatiotemporal distribution of
these relevant markers in the developing lower uterine tract, including the developing
cervix and vagina [1, 22]. In weeks 14–15, the squamous markers p63 and k17 are found
in the developing lower and upper vagina (vaginal anlage), while k8 is negative [22].
BCL2 was shown to be strongly positive in basal cells of this epithelium. The columnar
epithelium of the cervical segment showed scattered BCL2-positive cells and was
described to be negative for k8 at this stage. The human Müllerian duct epithelium
between weeks 16 and 18 of gestation is strongly positive for k7 and k8, typical of
primitive columnar epithelium. k17 and p63 cannot be detected immunohistochemically
in this period, while k5 and BCL2 are weakly positive (see Fig. 1.2, left panels) [1].
Fritsch et al. [22] have shown that the upper vaginal Müllerian epithelium is negative or
only weakly positive for k8 at this early stage, while being positive for k17 and p63,
both indicators of squamous differentiation. In weeks 19–25 a primitive
squamocolumnar junction can be recognized as a transition between the uterine cavity
and the solid cord epithelium. This transition becomes recognizable on the basis of the
immunostaining results with the aforementioned antibodies (see Fig. 1.2; middle
panels). A solid cord-like structure with a stratified appearance merges with the
columnar Müllerian epithelium. In the solid cord the typical markers for programming
of squamous differentiation, i.e., k5, k17, and p63, are strongly positive, with additional
reactivity for k7 and k8. The basal cell compartment in this solid cord epithelium is
weakly positive for k7, k8, and k17. The Müllerian columnar epithelium is strongly
positive for k5, k7, k8, and BCL2, but negative for k17. At this stage basal cells can be
recognized in the Müllerian duct epithelium as p63-positive cells. These cells were
identified as reserve cells (RC) by Martens et al. [1]. It should be noted that Fritsch et
al. [22] detected such p63-positive basal cells already in weeks 14–15 of gestation.
While these progenitor cells become k17 positive at later stages, they are still negative
for this marker at week 22. BCL2 was strongly expressed in the mesenchymal stroma of
the Müllerian vagina and Müllerian duct epithelium. A gradient in staining intensity of
several markers can be recognized at the site where the solid cord and the Müllerian
columnar duct epithelium merge. k5 and p63 expression decreases in the cranial
direction, while k7 and k8 expression decreases in the caudal direction (see Fig. 1.2,



right panels). With increasing gestational age, the length of the solid cord reduces, the
vaginal epithelium moves cranially, and, around week 24–25, a clear-cut
squamocolumnar junction is detectable by conventional histology and is located in the
endocervical canal.

It has been shown that during the first semester of embryonic development, the
differentiation processes described above are initialized by cellular stimuli from the
urogenital sinus or surrounding mesenchymal tissue. Strong BCL2 positivity is detected
in the mesenchymal tissue surrounding the solid cord, while the surrounding tissue of the
Müllerian duct is weakly BCL2 positive or even negative. This supports the view that
in the human situation, the Müllerian vagina and Müllerian duct epithelium are under
different stromal stimuli [22, 23, 32, 33].

In the period between weeks 29–40 of gestation, the differentiation markers clearly
demarcate the squamous and glandular epithelia, and the squamocolumnar junction has
been firmly established. Also the immunomarker profile for the reserve cells becomes
gradually comparable to the newborn and adult expression pattern. In these basally
located cells of the developing glandular endocervical epithelium, the expression of
p63 and k5 becomes clearly visible, while the beginning of expression of k17 and BCL2
can be seen as weak staining in the fetal reserve cells. As illustrated in Fig. 1.3,
immunostaining results in a 32-week-old embryo show that the squamocolumnar
junction is clearly demarcated by k7 and k8 positivity in the columnar epithelium and k5
and p63 positivity in the squamous epithelium.



Fig. 1.3 Expression of p63 and (cyto)keratins k5, k7, and k8 in a human fetal cervix at week 32 of gestation.
Overview of a sagittal section of the lower genital tract stained for k5, including the vaginal epithelium, the lower part
of the Müllerian epithelium, and the squamocolumnar junction (SCJ) (a). (b) Shown are four boxes focusing on the
SCJ (area 1), the endocervix (area 2), metaplasia close to the SCJ (area 3), and more distantly the Müllerian duct
epithelium (MDE) (area 4). The different markers for the SCJ (c–f), the endocervix close to the SCJ (g–j), metaplasia
(k–n), and the MDE (o–r) are indicated

Close to the squamocolumnar junction (see Fig. 1.3b, box 1), reserve cells beneath
k7 and k8 positive cells can be recognized. These are typically k5 and p63 positive and
share the k7 and k8 positivity of columnar epithelium, although to a lesser extent (see



Fig. 1.3b, box 2). More cranially from the squamocolumnar junction, the Müllerian duct
epithelium is seen in which k5- and p63-positive and k5- and p63-negative cells are
still intermingled (see Fig. 1.3b, box 4). Here, the reserve cells have not yet reached
their basal position in the columnar epithelium. Close to the SCJ of this embryo,
metaplasia is present (see Fig. 1.3b, box 3) in which reserve cells beneath columnar
epithelium are programmed to differentiate into squamous epithelium. This is a process
that is typical of the adult situation in which columnar epithelium in the TZ undergoes
metaplasia to form squamous epithelium. During fetal development this metaplasia may
be induced by maternal estrogens.

In the adult situation reserve cells beneath normal columnar epithelium typically
combine markers for squamous (p63, k5, and k17) and glandular (k5 and k8)
differentiation (see Fig. 1.4a–c). Furthermore these cells are protected against apoptosis
by a high concentration of BCL2 (see Fig. 1.4d). In nearly all routine biopsies that
include the squamocolumnar junction, reserve cells can be recognized by
immunostaining either as stretches of cells or as single cells [34].



Fig. 1.4 Expression of p63; (cyto)keratins k5, k7, k8, and k17; BCL2; and Ki67 in normal adult endocervix and
ectocervix. In the normal endocervix, p63, k7, k17, and BCL2 are strongly expressed in a stretch of reserve cells
underlying the columnar epithelium (a–d). The reserve cells and columnar epithelium show very low proliferative
activity (not shown). K7 is only positive in the columnar epithelium. In the normal ectocervix, p63 is present in the
basal compartment of the squamous epithelium and k5 in the entire epithelium, while k7 and k8 are negative (e–h).
Basal cells are negative or weakly positive for k17 (i), and BCL2 occurs in the nonproliferating basal cells (k), while
the parabasal cells are Ki67 positive (l). The arrow in (e) refers to a remnant of a gland below the squamous
epithelium in the ectocervix with strong staining for k7 and k8. The staining patterns for k17 and k7 (g, i) of the cells
adjacent to this remnant indicate (im)mature metaplasia. These cells are not infected by HPV as indicated by the
negative p16 staining (j). In M k17 staining is shown in a transition area between reserve cells and the formation of
squamous epithelium



Based on the immunophenotyping studies described above, we propose a model for
the hierarchical order of cell lineages developing during embryological and fetal
growth, in which Müllerian cell types differentiate into endocervical columnar cells and
reserve cells (see Fig. 1.5) [1, 22]. To date there is a consensus that the reserve cell is
the progenitor for the squamous cell formed during metaplasia in the endocervix.
However, whether the reserve cell in the adult situation is a remnant of the
embryological population or is formed de novo from a columnar cell is still debated
(see below).

Fig. 1.5 Hierarchical model for cell lineages in the human uterine cervix based on the expression of molecular
markers during fetal development. Molecular markers and their expression during fetal development. Early Müllerian
duct epithelium (first semester) expresses only the simple (cyto)keratins (e.g., k7). At approximately 20 weeks of
gestation, expression of p63 and the basal cell marker k5 is initiated in a small fraction of these cells (Müllerian duct
epithelium, second trimester). Simultaneously, the first reserve cells under this second semester duct epithelium are
recognized. Initially, the p63 and cytokeratin phenotype of both cells is identical. However, with increasing gestational
age, the reserve cells additionally express k17 weakly. At approximately this time, true endocervical columnar cells



appear. These cells arise either directly from the second semester Müllerian cells during which p63 and k5 are lost or
from reserve cells. Whether endocervical columnar cells give rise to reserve cells directly or are formed from more
primitive Müllerian cells is not yet known [1, 35]. Finally, the reserve cell can undergo squamous differentiation, with
loss of k7 and k17 expression

Progenitor Cells in the Adult Squamocolumnar Junction
The two types of epithelia that meet at the squamocolumnar junction each have their
own progenitor cells in the adult situation. It can be anticipated that these progenitor
cell compartments comprise (1) a real stem cell fraction, from which (2) the basal layer
of the squamous epithelium and (3) the reserve cells underlying the glandular epithelium
arise. In the ectocervical squamous epithelium, a (4) transient-amplifying (parabasal)
cell compartment arises upon proliferation of basal cells.

Extensive and strong Ki67 staining is seen in these parabasal cells, while the basal
cells show only very low proliferative activity, as indicated by the fact that only
sporadic cells are Ki67 positive in this compartment (see Fig. 1.4l). These basal cells
are, however, heavily protected against apoptosis by strong expression of BCL2 (see
Fig. 1.4k) [31]. On the contrary, the highly proliferative parabasal cells are negative for
BCL2. These mutually exclusive expression patterns of Ki67 and BCL2 indicate that the
processes of extensive proliferation on the one hand, and protection from apoptosis on
the other, are meticulously separated within the squamous epithelium. These
immunophenotyping results are supported by earlier findings that the generation cycle of
basal cells is about 30 days, while under physiological conditions the generation time
for parabasal cells is about 3 days [36]. In both the endocervical columnar cells, as
well as reserve cells beneath the columnar epithelium (see Fig. 1.4a–d), very little
proliferative activity is observed under normal physiological conditions. This indicates
that the turnover of the endocervical epithelium is apparently low compared to the
ectocervical epithelium. The reserve cells, which are recognized throughout the entire
endocervical canal up to the endocervix-isthmus junction, show strong positivity for
BCL2, while the columnar epithelial cells are BCL2 negative (see Fig. 1.4d) [34, 37,
38]. These observations suggest that the reserve cells are part of a pool of progenitor
cells protected against apoptotic cell death and required to ensure survival of the
endocervical epithelium. Both columnar and reserve cells, however, can proliferate
independently as has been shown in regenerating endocervical epithelium, although the
reserve cells are not required a priori for normal regeneration of secretory columnar
epithelium [39]. Whether the reserve cells should be regarded as the default progenitor
cell for the columnar epithelium, or vice versa, the columnar epithelium as progenitor
for the reserve cells can be questioned. In the case of microglandular hyperplasia, it has
been proposed that reserve cells are created in adulthood during specialized columnar
proliferations [35].

The combined phenotype of the reserve cells expressing both markers of glandular



(k7, k8) and squamous differentiation (p63, k5, and k17) is a strong indicator for the
consensus that reserve cells are also the progenitors for (mature and immature)
squamous metaplasia [14, 28]. As can be seen in Fig. 1.4f–m, remnants of squamous
metaplasia express k7, k8, and k17, which are not found in the normal ectocervical
squamous epithelium.

Recently, it was reported that an immature cuboidal progenitor endocervical cell
type can be recognized by high levels of k7 expression, situated close to the
squamocolumnar junction. After infection by an oncogenic HPV type, this cell type may
develop into a high-grade squamous intraepithelial lesion [4, 40] (see also section
“Squamous Metaplasia”).

Currently no specific markers are available for the real stem cells in the columnar
and squamous epithelium. The fact, however, that both the reserve cell and the basal
cell of the squamous epithelium express BCL2 and p63 could be an indicator that the
real stem cell of the uterine cervix could also express these two markers. The cells
originating in the fetus around week 20, which have begun to express p63 and BCL2,
could act as the first stem cells of the cervix.

Definition of the Cervical Transformation Zone (TZ)
The area between the original and the new squamocolumnar junction is defined as the
TZ. This TZ can be visualized by colposcopic inspection and is also the area in which
approximately 90% of (pre)neoplastic lesions develop [11–13, 41]. The TZ is a
dynamic entity formed during puberty and is the area where the glandular epithelium is
replaced by metaplastic squamous epithelium [42]. Furthermore the presence of
endocervical glands underlying the squamous epithelium is an indicator of the position
of the TZ [43]. The last gland can serve as a landmark for the position of the original
squamocolumnar junction [13]. The junction between the metaplastic squamous
epithelium and the glandular cells defines the new squamocolumnar junction and the
cranial limit of the transformation zone. At birth and during the premenarchal years, the
squamocolumnar junction resides at or very close to the external os [5]. During puberty
the endocervical mucosa everts onto the ectocervix as a result of hormonal stimulation
and swelling of the stroma of the cervix. Reproductive hormones also influence the
production of ectopy during late fetal life and pregnancy and as a result of the use of
oral contraceptives. Ectopy is modified over time by squamous metaplasia and
epithelialization, low pH, trauma, and possibly cervical infection [12, 42, 44]. As a
result of this eversion, the squamocolumnar junction becomes located on the ectocervix,
and the exposed endocervical mucosa (ectropion) shows the gradual replacement of the
columnar epithelium by squamous epithelium. This represents a protective response to
the exposure of the glandular epithelium to the vaginal environment [12, 42, 45, 46].
Reserve cells beneath the columnar epithelium are the progenitor cells for the newly



formed squamous epithelium. A consequence of this development is the formation of a
new squamocolumnar junction (see Fig. 1.1e). During late reproductive life and after
the menopause, decreasing hormone levels lead to shrinkage of the cervix, and the new
squamocolumnar junction comes to lie in the endocervical canal [12].

Squamous Metaplasia
Three different types of squamous metaplastic lesions can be recognized in the cervix,
i.e., (1) immature squamous metaplasia, (2) mature squamous metaplasia, and (3)
atypical immature metaplasia [13, 42, 45, 47–50]. There are two histogenetic
mechanisms by which the endocervical mucosa is replaced by squamous epithelium [5].
The first is the direct ingrowth of squamous epithelium in the direction of the
endocervix, which is referred to as squamous epithelialization. The other route is
through proliferation of subcolumnar reserve cells (reserve cell hyperplasia) and their
subsequent maturation into squamous epithelium. Both mechanisms result in a squamous
epithelium overlying endocervical mucus-producing glands [44]. In the first phase,
reserve cells proliferate and stratify. Subsequently, these cells undergo a squamous
differentiation process that is at first incomplete, with persistence of the columnar
epithelium, which is often seen as a residual layer on the surface [45]. Later,
metaplastic cells can mature to keratinocytes that are indistinguishable from the
suprabasal cells of the pluristratified epithelium, resulting in mature squamous
metaplasia.

Typical immunohistochemical staining patterns for p63, k5, k7, k17, and BCL2 in
immature squamous metaplasia are shown in Fig. 1.6, while Fig. 1.7 shows a schematic
overview of the changes that this marker profile undergoes during the formation of the
metaplastic lesions. The biomarker expression pattern of immature metaplasia strongly
resembles that of the reserve cell, with the exception of BCL2, which is significantly
reduced in intensity as compared to that of the reserve cell. Although the precise
mechanisms underlying the induction of squamous metaplasia are still obscure, it seems
that cytokines and growth factors present in the metaplastic microenvironment might
alter the transcription factor profile of reserve cells. It has been proposed that
metaplastic transformation results from the release of cytokines and other soluble
factors by both epithelial and inflammatory cells [45].



Fig. 1.6 Expression of p63; (cyto)keratins k5, k7, and k17; and BCL2 in immature squamous metaplasia. In immature
squamous metaplasia, p63, k5, and k17 show a typical expression pattern in the basal compartment (a, c, d), while k7
staining in this compartment is reduced, but positive in the superficial layer (b). BCL2 expression is reduced compared
to the expression in reserve cells (e), probably as a result of the proliferative activity of these cells associated with
squamous differentiation. (f) p16 as a surrogate marker for the presence of a high-risk HPV infection is absent



Fig. 1.7 Schematic overview of the changing phenotype during metaplastic transformation of the adult columnar
epithelium. During the metaplastic process, k7 and k8 expression is lost in the basal reserve cell compartment, while in
the superficial layer this loss is delayed. Loss of k17 expression follows k7

Atypical immature metaplasia is a poorly reproducible diagnosis, which spans a
morphological spectrum and has features both of metaplasia and atypia. It is difficult to
distinguish from low-grade cervical neoplasia. These lesions may arise as a result of
reactive or inflammatory processes or through high-risk HPV infections of true
precursors, resulting in cervical carcinoma [46, 49, 51–54].

Potential Target Cells for HPV Infection
In general, the intact cervical epithelium is resistant to viral infections. However,
chemical or mechanical disruption of the integrity of this epithelium enables HPV entry.
As has been analyzed in experimental animal systems, a simple brush with a Cytobrush
cell collector or the application of a spermicide (nonoxynol-9) resulted in abrasions
that enabled binding of the virus to the basement membrane prior to its transfer to the



basal cells [55]. Adsorption to the basal surface of the epithelial cells and
reestablishment of contact with the basement membrane during repair of the damaged
epithelium might further promote preferential infection of basal cells. It has been found
that heparan sulfate in the extracellular matrix and on the surface of these cells acts as
an initial attachment receptor for HPV. It was furthermore postulated that the adult
reserve cells with CD49f (α 6-integrin) expression could be preferentially targeted by
high-risk HPV types during cervical carcinogenesis (see also Chap. 2 for the biology of
HPV infection) [9, 55, 56].

The fact that high-risk HPV can target both nondividing basal cells of the squamous
epithelium and reserve cells of the endocervical epithelium, together with the fact that
the entry of HPV DNA into the cell nucleus has been shown to be dependent on the cell
cycle, has fundamental implications [56].

Infection by HPV is dependent on proliferative activity since the final delivery of
the HPV genome into the nucleus depends on nuclear envelope breakdown among other
factors [56]. The fact that the two potential target cells for HPV infection are largely
nonproliferative in the normal epithelium, combined with the assumption that dividing
cells are pivotal for the initiation of HPV replication, poses a theoretical conflict.
However, it has been suggested that in the epidermis, the basal cells can undergo a
round of HPV replication independent of the cell cycle. This infected cell is thought then
to leave the basal compartment and enter the transient-amplifying compartment of the
epithelium where replication is maintained [9].

In the case of abrasions of the squamous epithelium (see Fig. 1.8b, c, arrow 1), and
in immature squamous metaplasia, HPV infection might take place in dividing basal
cells and/or reserve cells (see Fig. 1.8b, arrow 2). In the latter situation the reserve cell
will not be recognized as such since it has undergone metaplasia, resulting in atypical
immature metaplasia (see below). The observation that high-risk (HR) HPV is often
found to be integrated in early endocervical adenocarcinoma in situ (AIS) suggests that
the target cell for HPV in such a scenario could be either a columnar cell or a reserve
cell that is committed to columnar differentiation (see Fig. 1.8b, arrow 3) [57]. It has
been observed that the columnar epithelium adjacent to the transformation zone shows a
marked increase in sensitivity to infection when disrupted by, e.g., a spermicide which
disturbs the normal architecture of animal and human cervical epithelium [55].



Fig. 1.8 Schematic overview of the potential target cells for HPV infection, resulting in the different types of cervical
preneoplasia. (a) Topographic localization of the original squamocolumnar junction (OSCJ) at the interface between
squamous epithelium and columnar epithelium. During the process of metaplasia, the reserve cells (RC) generate a
new squamous epithelium, via immature and mature metaplasia, resulting in a new squamocolumnar junction (NSCJ).
(b, c) HPV infection via microtrauma in the normal squamous epithelium, in which basal cells are infected (b arrow 1
and c arrow 1), results in a low-grade squamous intraepithelial lesion (SIL). Infection of (im)mature metaplasia (ISM
and MSM) (b arrow 2) and/or columnar epithelium with reserve cells (b arrow 3) results in high-grade SIL, combined
high-grade SIL/adenocarcinoma in situ (AIS) lesions, or solitary AIS, depending on the cell type targeted. (c) Infection
of specific squamocolumnar junction cells (SCJ cells) in the columnar epithelium (c arrow 4) may result in high-grade
SIL

Another potential target cell for HPV infection has been recently proposed by the
group of Crum and collaborators [4]. These authors suggest that a limited stretch of k7-
positive columnar cells in close proximity to the squamocolumnar junction
(squamocolumnar junction cells) is the target for high-risk HPV infection and the
progenitor for high-grade squamous epithelial lesions (HSILs) (see Fig. 1.8c, arrow 4).
Removal of these cells has been described to prevent the formation of precancerous
lesions in the uterine cervix [4, 58, 59]. Also, these k7-positive cells have been
described to give rise to reserve cells in a so-called top-down differentiation process



[40].

Premalignant Lesions
The majority of precursor lesions in the uterine cervix will present as low-grade or
high-grade squamous intraepithelial lesions (LSIL, HSIL) (see Chap. 6) and less
frequently as SIL combined with adenocarcinoma in situ (AIS) or as solitary AIS (see
Chap. 8). The morphological distinction of these subtypes is not always straightforward
and is complicated by mimics such as atypical immature metaplasia, immature
squamous metaplasia, reactive atypia, atrophy, and basal cell hyperplasia [53, 60, 61].
This abundance of morphological appearances of premalignant lesions and their mimics
in the cervix makes it difficult to decide which cell(s) was (were) initially infected by
HPV. Besides the morphological problems, the complex association between different
abnormalities within a single biopsy, such as synchronous LSIL and HSIL, combined
SIL-AIS, and clonal differences between different types of preneoplasia within single
biopsies, complicates the answer to this question [7, 10, 52, 61, 62]. Furthermore, the
progression of LSIL to HSIL, clearance of a viral infection, or persistent infection,
single or multiple infections in single lesions, and episomal HPV versus viral
integration into the host genome add to the complexity of this process [63, 64]. The right
panels in Fig. 1.8 indicate the different types of premalignant lesion that can occur upon
HPV infection of the different types of potential target cells.

In model B (see Fig. 1.8b), the reserve cell is central to the formation of both the
squamous lesions via immature metaplasia and some adenocarcinoma in situ lesions
[61]. On the contrary, in model C (see Fig. 1.8c), the k7-positive squamocolumnar
junction cells play a central role in the formation of HSIL [4, 7, 61, 65].

In the following paragraphs the relationship between these potential progenitor cells
and the different types of premalignant lesion will be discussed in more detail.

Low-Grade Squamous Intraepithelial Lesion (LSIL)
HPV infections that occur via micro-abrasions, and by which the basal cells in the
squamous epithelium are targeted, can result in low-grade squamous intraepithelial
lesions (LSIL). As a result these cells can contain a few viral copies which are
replicated to high level during migration toward the mucosal surface, in concert with
differentiation of the epithelium [6, 7, 9]. Viral replication and shedding occur in the
upper layers of the epithelium from which these cells exfoliate. By HPV in situ
hybridization, these lesions show nuclei filled with hundreds of episomal HPV copies
in the superficial epithelium [66–68] .

In normal ectocervical squamous epithelium, the basal cells are k7 and k17
negative, while in mature squamous metaplastic epithelium, k7 and K17 staining can be



found in the superficial and basal cell layers, respectively (see Figs. 1.4 and 1.7). As
can be expected, the immunophenotypic profile of LSIL shows a high expression of
markers of squamous differentiation, i.e., p63 and k5. In addition, k7 can be found in the
superficial layers, while k17 is detected more basally (see Fig. 1.9a–c). Recently it has
been shown by others that 33–59% of LSILs show predominantly superficial/apical k7
staining [65, 69]. For k17 several studies showed lack of expression in the majority of
lesions or reported expression in the basal compartment in a minor fraction of LSILs
[27, 49, 60, 70]. On the basis of their comparable immunophenotypes, it is suggested
that the majority of LSILs develop in the mature squamous epithelium at the
transformation zone or in the normal ectocervix (for the k7-negative LSILs). In addition,
the k7-positive squamocolumnar junction cells have also been suggested as progenitors
for some LSILs (k7 positive).

Fig. 1.9 Expression of p63, p16, and (cyto)keratins k5, k7, k8, and k17 in low-grade and high-grade squamous
intraepithelial lesions (LSIL, HSIL). In LSIL the lower compartment is positive for p63 and weakly positive for k17 (a,
c), while the superficial layers are k7 positive (b). In addition to strong expression of p63 and k5 (d, e), HSIL is
strongly k17 (f) and k7 (g) positive throughout the entire thickness of the epithelium. k8 is negative (h). These patterns
support the view that mature metaplasia/squamous epithelium is targeted by HPV in cases of LSIL, while in HSIL
more immature metaplastic squamous epithelium or reserve cells are targeted. Block-positive p16 immunostaining (i)
indicates infection with high-risk HPV (see Chap. 6)



High-Grade Squamous Intraepithelial Lesion (HSIL)
High-grade squamous intraepithelial lesions (HSILs) are predominantly formed at the
transformation zone and characterized by loss of maturation, cytological atypia, and the
presence of mitoses in at least the lower two-thirds of the epithelium. In combination
with p16 positivity, which serves as a surrogate marker for the presence of HPV, and
detection of cell proliferation with Ki67, these high-grade lesions can be easily
recognized. These immunomarkers can also help to correctly classify mimics, such as
atypical immature metaplasia, that often have histological features overlapping with
those of HSIL. The (cyto)keratin profile of HSIL has been extensively studied in the past
to determine its cellular origin and type of differentiation [27–29]. In particular, k7 and
k17 antibodies were applied to study the potential target cell for HPV [4, 14]. In
contrast to LSIL, nearly all HSILs are strongly positive for both k7 and k17 [4, 53, 60,
70, 71] (see Fig. 1.9). This makes the reserve cell, which has a similar
immunophenotypic profile (see Figs. 1.4 and 1.7), the candidate progenitor cell for
HSIL. Although positivity for p63 and k5 is not typical for HSIL, their expression in
LSIL is restricted in most cases to the basal compartment of the epithelium, while in
HSIL nearly all cell layers are strongly positive for these markers. As indicated in Fig.
1.8 (model B, arrows 2 and 3), both the reserve cells directly or immature metaplastic
epithelium (originating from reserve cells) can be targeted by HPV which gives rise to
HSIL. The observation that dynamic metaplasia, rather than the absolute extent of
ectopy, increases the risk of viral infection, supports the view that proliferating reserve
cells, programmed for the formation of squamous epithelium, are the target cells for
HPV [47]. As described above (section “Definition of the Cervical Transformation
Zone (TZ)”), atypical squamous metaplasia has been proposed as a pre-stage of HSIL.
These metaplastic lesions have a phenotypic profile typical for reserve cells, with k5
and k17 being strongly expressed [49, 51–53].

Recently it was hypothesized that residual embryonic squamocolumnar junction
cells with a cuboidal appearance and positive for k7 are targeted by HPV, resulting in
HSIL lesions (see Fig. 1.8c arrow 4) [4, 40]. In these studies the cuboidal
squamocolumnar junction cells show high expression of k7, while normal columnar
epithelium and the reserve cells in these studies were reported to be k7 negative. The
fact that HSILs are mostly k7 positive and a large fraction of the LSILs are k7 negative
is an important argument pointing to these cuboidal squamocolumnar junction cells as
the target cells for HPV and subsequent formation of HSIL.

The two hypotheses for the progenitor cell of HSIL can be integrated by the
observation that reserve cells can originate from cuboidal cells during adulthood or
columnar cells during fetal development. For this a “top-down differentiation” process
is proposed that is also observed during human and mouse fetal squamous
differentiation and in microglandular hyperplasia [35, 40]. Focal induction of p63 and



k5 expression in columnar epithelium close to the squamocolumnar junction results in
the appearance of reserve cells and squamous metaplasia in this region. According to
this model the cuboidal cells are targeted by HPV, but the reserve cells originating from
these cuboidal cells are finally responsible for the formation of HSIL.

In our opinion the earlier observation that reserve cells can be found in the human
fetus close to the primitive squamocolumnar junction, as well as more cranially (see
Fig. 1.3), makes it likely that these cells are present already during puberty or adulthood
[1]. The distribution pattern of these cells throughout the endocervix can, however,
change during puberty and adulthood. Reserve cells are found in the normal cervix,
starting close to the new squamocolumnar junction up to the junction with the isthmic
endometrium. In between, an area lined with endocervical columnar cells without
underlying reserve cells or at least a lower reserve cell density has been identified [34,
38]. An absence of reserve cells close the squamocolumnar junction could be a result of
the metaplastic process in which these cells have differentiated into squamous epithelial
cells.

Adenocarcinoma In Situ (AIS)
Adenocarcinoma in situ is characterized by the presence of atypical glandular
epithelium without stromal invasion and is much less common than the SILs. It is
generally accepted that AIS is the premalignant stage of an adenocarcinoma [72]. Most
AIS lesions arise in the transformation zone, and a proportion of these glandular lesions
are associated with HSIL [57, 61, 73]. The concurrence of AIS and HSIL in one and the
same biopsy supports the hypothesis that both lesions may arise from a single progenitor
cell. Reserve cells, capable of undergoing columnar as well as squamous
differentiation, may be candidate progenitor cells for the formation of these combined
AIS/HSIL lesions [28, 35]. It has been shown that the marker expression profile of
solitary AIS lesions is heterogeneous. Two phenotypically distinct types can be
identified, i.e., (1) AIS with an endocervical glandular phenotype (p63 negative to
weakly positive, k5 negative and k17 sporadically positive, but k7 and k8 positive; see
Fig. 1.10a–f) and (2) AIS with a reserve cell phenotype (p63, k5, and k17 positive; see
Fig. 1.10h–j). In AIS with a coexisting HSIL, the glandular component often exhibits the
reserve cell phenotype (see Fig. 1.11a–f). This observation supports the view that
reserve cells are capable of bidirectional premalignant transformation, i.e., into HSIL
and reserve cell type AIS, as well as AIS with a coexisting SIL (schematically
presented in the right panel of Fig. 1.8b). The endocervical glandular type of AIS is
probably a result of HPV infection of glandular epithelium or the unidirectional
transformation of a HPV-infected progenitor cell within the glandular cell compartment
[61].



Fig. 1.10 Expression of p63, p16, and (cyto)keratins k5, k7, k8, and k17 in two different phenotypes of solitary
adenocarcinoma in situ (AIS).(a–f) Endocervical glandular phenotype in AIS with strong positivity for k7 and k8.
Diffuse strong p16 positivity indicates infection with high-risk HPV. (g–j) Reserve cell phenotype in AIS, with strong
immunostaining of k5 and k17 in a HPV-positive lesion, as indicated by p16 immunoreactivity and integrated HPV 16
as detected by means of fluorescence in situ hybridization. These patterns support the view that reserve cells have a
bidirectional differentiation potential



Fig. 1.11 Expression of p63, p16, (cyto)keratin k17, and HPV 16 in a combined adenocarcinoma in situ (AIS) with a
high-grade squamous intraepithelial lesion (HSIL). The AIS and HSIL regions are both clearly p16 positive (a),
indicating infection with high-risk HPV. Positivity of squamous markers p63 and k17 is seen in the glandular portion of
this combined lesion (b, c). HPV 16 fluorescence in situ hybridization shows viral integration in both the glandular
components (d, f) and in the squamous lesion (e). Arrows point to the nuclear integration site. Both the
immunophenotyping and the hybridization results support the hypothesis that reserve cells can undergo a bidirectional
transformation

On the basis of the HPV types found in AIS with and without SIL, it is suggested that
HSIL coexisting with AIS is etiologically different from solitary HSIL [73]. HPV 18 and
45 showed a preference for AIS, while solitary HSILs contained a wide range of HPV
types. Furthermore, for HPV 18 as compared to HPV 16, a difference in the physical



status of the virus is found in the premalignant lesion and in the carcinoma. Integrated
HPV 16 is found in a relatively small fraction of HSILs and is almost absent in LSIL,
while HPV 18 is frequently integrated in AIS [57, 74]. The examples shown in Figs.
1.10 and 1.11 demonstrate that after integration of the virus, the cancer cell is capable of
a bidirectional premalignant transformation. This observation again supports the view
of bidirectional differentiation of reserve cells in these lesions.

Acknowledgments
The authors thank Douwe Remerij and Kjeld Bolland for performing the
immunohistochemical staining of SIL and AIS lesions, Monique Ummelen for the
fluorescence in situ hybridization, and Dr. J Cleutjens for the assistance with scanning
of microscope slides enabling comparative immunohistochemical evaluation of
histological areas.

References
1. Martens JE, et al. Reserve cells in human uterine cervical epithelium are derived from mullerian epithelium at

midgestational age. Int J Gynecol Pathol. 2007;26:463–8.
[Crossref][PubMed]

2. Ince TA, et al. p63 Coordinates anogenital modeling and epithelial cell differentiation in the developing female
urogenital tract. Am J Pathol. 2002;161:1111–7.
[Crossref][PubMed][PubMedCentral]

3. Kurita T. Developmental origin of vaginal epithelium. Differentiation. 2010;80:99–105.
[Crossref][PubMed][PubMedCentral]

4. Herfs M, et al. A discrete population of squamocolumnar junction cells implicated in the pathogenesis of cervical
cancer. Proc Natl Acad Sci U S A. 2012;109:10516–21.
[Crossref][PubMed][PubMedCentral]

5. Reich O, Fritsch H. The developmental origin of cervical and vaginal epithelium and their clinical consequences: a
systematic review. J Low Genit Tract Dis. 2014;18:358–60.
[Crossref][PubMed]

6. Doorbar J, et al. Human papillomavirus molecular biology and disease association. Rev Med Virol. 2015;25:2–23.
[Crossref][PubMed][PubMedCentral]

7. Woodman CB, Collins SI, Young LS. The natural history of cervical HPV infection: unresolved issues. Nat Rev
Cancer. 2007;7:11–22.
[Crossref][PubMed]

8. Schiffman M, et al. Human papillomavirus and cervical cancer. Lancet. 2007;370:890–907.
[Crossref][PubMed]

9.
Stanley MA. Epithelial cell responses to infection with human papillomavirus. Clin Microbiol Rev. 2012;25:215–22.

https://doi.org/10.1097/pgp.0b013e31803c7c18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17885499
https://doi.org/10.1016/S0002-9440(10)64387-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12368184
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1867285
https://doi.org/10.1016/j.diff.2010.06.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20638775
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2943051
https://doi.org/10.1073/pnas.1202684109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22689991
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3387104
https://doi.org/10.1097/LGT.0000000000000023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24977630
https://doi.org/10.1002/rmv.1822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=25752814
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5024016
https://doi.org/10.1038/nrc2050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17186016
https://doi.org/10.1016/S0140-6736(07)61416-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17826171


[Crossref][PubMed][PubMedCentral]

10. zur Hausen H. Papillomaviruses and cancer: from basic studies to clinical application. Nat Rev Cancer.
2002;2:342–50.

11. Wright TC, Kurman RJ, Ferenczy A. Precancerous lesions of the cervix. In: Blaustein A, Kurman RJ, editors.
Blaustein’s pathology of the female genital tract. 5th ed. New York: Springer; 2002.

12. Jacobson DL, et al. Cervical ectopy and the transformation zone measured by computerized planimetry in
adolescents. Int J Gynaecol Obstet. 1999;66:7–17.
[Crossref][PubMed]

13. Burghardt E, Ostor AG. Site and origin of squamous cervical cancer: a histomorphologic study. Obstet Gynecol.
1983;62:117–27.
[PubMed]

14. Martens JE, et al. Cytokeratin 17 and p63 are markers of the HPV target cell, the cervical stem cell. Anticancer
Res. 2004;24:771–5.
[PubMed]

15. Mirkovic J, et al. Carcinogenic HPV infection in the cervical squamo-columnar junction. J Pathol. 2015;236:265–
71.
[Crossref][PubMed][PubMedCentral]

16. Klattig J, Englert C. The Mullerian duct: recent insights into its development and regression. Sex Dev. 2007;1:271–
8.
[Crossref][PubMed]

17. Sanchez-Ferrer ML, et al. Experimental contributions to the study of the embryology of the vagina. Hum Reprod.
2006;21:1623–8.
[Crossref][PubMed]

18. Cai Y. Revisiting old vaginal topics: conversion of the Mullerian vagina and origin of the “sinus” vagina. Int J Dev
Biol. 2009;53:925–34.
[Crossref][PubMed]

19. Drews U. Helper function of the Wolffian ducts and role of androgens in the development of the vagina. Sex Dev.
2007;1:100–10.
[Crossref][PubMed]

20. Kobayashi A, Behringer RR. Developmental genetics of the female reproductive tract in mammals. Nat Rev
Genet. 2003;4:969–80.
[Crossref][PubMed]

21. Fritsch H, Richter E, Adam N. Molecular characteristics and alterations during early development of the human
vagina. J Anat. 2012;220:363–71.
[Crossref][PubMed][PubMedCentral]

22. Fritsch H, et al. Development of epithelial and mesenchymal regionalization of the human fetal utero-vaginal
anlagen. J Anat. 2013;222:462–72.
[Crossref][PubMed][PubMedCentral]

23. Kurita T, Mills AA, Cunha GR. Roles of p63 in the diethylstilbestrol-induced cervicovaginal adenosis.
Development. 2004;131:1639–49.

https://doi.org/10.1128/CMR.05028-11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22491770
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3346303
https://doi.org/10.1016/S0020-7292(99)00037-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10458544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6856213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15161025
https://doi.org/10.1002/path.4533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=25782708
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4457596
https://doi.org/10.1159/000108929
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18391537
https://doi.org/10.1093/humrep/del031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16476676
https://doi.org/10.1387/ijdb.082846yc
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19598112
https://doi.org/10.1159/000100031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18391520
https://doi.org/10.1038/nrg1225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14631357
https://doi.org/10.1111/j.1469-7580.2011.01472.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22256858
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3375772
https://doi.org/10.1111/joa.12029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=23406280
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3610038


[Crossref][PubMed]

24. Kurita T, et al. Differential expression of p63 isoforms in female reproductive organs. Mech Dev. 2005;122:1043–
55.
[Crossref][PubMed]

25. Laronda MM, et al. The development of cervical and vaginal adenosis as a result of diethylstilbestrol exposure in
utero. Differentiation. 2012;84:252–60.
[Crossref][PubMed][PubMedCentral]

26. Smedts F, et al. Detection of keratin subtypes in routinely processed cervical tissue: implications for tumour
classification and the study of cervix cancer aetiology. Virchows Arch. 1994;425:145–55.
[Crossref][PubMed]

27. Smedts F, et al. Keratin expression in cervical-cancer. Am J Pathol. 1992;141:497–511.
[PubMed][PubMedCentral]

28. Smedts F, et al. Basal-cell keratins in cervical reserve cells and a comparison to their expression in cervical
intraepithelial neoplasia. Am J Pathol. 1992;140:601–12.
[PubMed][PubMedCentral]

29. Smedts F, Ramaekers FC, Vooijs PG. The dynamics of keratin expression in malignant transformation of cervical
epithelium: a review. Obstet Gynecol. 1993;82:465.
[PubMed]

30. van Dorst EB, et al. The limited difference between keratin patterns of squamous cell carcinomas and
adenocarcinomas is explicable by both cell lineage and state of differentiation of tumour cells. J Clin Pathol.
1998;51:679–84.
[Crossref][PubMed][PubMedCentral]

31. van der Heijden M, et al. Bcl-2 is a critical mediator of intestinal transformation. Nat Commun. 2016;7:10916.
[Crossref][PubMed][PubMedCentral]

32. Spencer TE, Dunlap KA, Filant J. Comparative developmental biology of the uterus: insights into mechanisms and
developmental disruption. Mol Cell Endocrinol. 2012;354:34–53.
[Crossref][PubMed]

33. Elson DA, et al. Sensitivity of the cervical transformation zone to estrogen-induced squamous carcinogenesis.
Cancer Res. 2000;60:1267–75.
[PubMed]

34. Martens JE, et al. Distribution pattern and marker profile show two subpopulations of reserve cells in the
endocervical canal. Int J Gynecol Pathol. 2009;28:381–8.
[Crossref][PubMed]

35. Witkiewicz AK, et al. Microglandular hyperplasia: a model for the de novo emergence and evolution of
endocervical reserve cells. Hum Pathol. 2005;36:154–61.
[Crossref][PubMed]

36.
Stegner HE, Pape C. Ultramicoscopy studies on the dysplastic epithelium of the cervix and on carcinoma in situ.
Fortschr Med. 1973;91:603–6.
[PubMed]

https://doi.org/10.1242/dev.01038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14998922
https://doi.org/10.1016/j.mod.2005.04.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15922574
https://doi.org/10.1016/j.diff.2012.05.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22682699
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3443265
https://doi.org/10.1007/BF00230351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7524976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1379783
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1886616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1372156
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1886162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7689193
https://doi.org/10.1136/jcp.51.9.679
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9930073
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC500906
https://doi.org/10.1038/ncomms10916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=26956214
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4786877
https://doi.org/10.1016/j.mce.2011.09.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22008458
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10728686
https://doi.org/10.1097/PGP.0b013e31819932f8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19483623
https://doi.org/10.1016/j.humpath.2004.10.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15754292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4701500


37. Ter Harmsel B, et al. BCL-2 immunoreactivity increases with severity of CIN: a study of normal cervical epithelia,
CIN, and cervical carcinoma. J Pathol. 1996;179:26–30.
[Crossref][PubMed]

38. Hoogduin KJ, et al. BCL2 and keratin 5 define the uterine-cervix-isthmus junction, a transition between
endocervical and tubal-like epithelium. Int J Gynecol Pathol. 2013;32:122–30.
[Crossref][PubMed]

39. Hiersche HD, Nagl W. Regeneration of secretory epithelium in the human endocervix. Arch Gynecol.
1980;229:83–90.
[Crossref][PubMed]

40. Herfs M, et al. A novel blueprint for ‘top down’ differentiation defines the cervical squamocolumnar junction
during development, reproductive life, and neoplasia. J Pathol. 2013;229:460–8.
[Crossref][PubMed]

41. Tamussino K, Girardi F, Reich O. Burghardt’s colposcopy and cervical pathology. 4th ed. New York: Thieme;
2015.

42. McNairn AJ, Guasch G. Epithelial transition zones: merging microenvironments, niches, and cellular
transformation. Eur J Dermatol. 2011;21:21–8.
[PubMed]

43. Mukonoweshuro P, Oriowolo A, Smith M. Audit of the histological definition of cervical transformation zone. J
Clin Pathol. 2005;58:671.
[PubMed][PubMedCentral]

44. Ferenczy A, Wright T. Anatomy and histology of the cervix. In: Kurman R, editor. Blaustein’s pathology of the
female genital tract. New York: Springer; 1994. p. 185–201.
[Crossref]

45. Herfs M, Hubert P, Delvenne P. Epithelial metaplasia: adult stem cell reprogramming and (pre)neoplastic
transformation mediated by inflammation? Trends Mol Med. 2009;15:245–53.
[Crossref][PubMed]

46. Herfs M, et al. Mucosal junctions: open doors to HPV and HIV infections? Trends Microbiol. 2011;19:114–20.
[Crossref][PubMed]

47. Hwang LY, et al. Active squamous metaplasia of the cervical epithelium is associated with subsequent acquisition
of human papillomavirus 16 infection among healthy young women. J Infect Dis. 2012;206:504–11.
[Crossref][PubMed][PubMedCentral]

48. Ferenczy A, Wright T. Anatomy and histology of the cervix. In: Kurman R, editor. Blaustein’s pathology of the
female genital tract. New York: Springer; 2002. p. 207–25.

49. Regauer S, Reich O. CK17 and p16 expression patterns distinguish (atypical) immature squamous metaplasia from
high-grade cervical intraepithelial neoplasia (CIN III). Histopathology. 2007;50:629–35.
[Crossref][PubMed][PubMedCentral]

50. Tsutsumi K, et al. In vitro and in vivo analysis of cellular origin of cervical squamous metaplasia. Am J Pathol.
1993;143:1150–8.
[PubMed][PubMedCentral]

51.

https://doi.org/10.1002/(SICI)1096-9896(199605)179%3A1%3C26%3A%3AAID-PATH516%3E3.0.CO%3B2-E
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8691340
https://doi.org/10.1097/PGP.0b013e318253c6f6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=23202780
https://doi.org/10.1007/BF02109947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7369802
https://doi.org/10.1002/path.4110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=23007879
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21628126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15917428
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1770692
https://doi.org/10.1007/978-1-4757-3889-6_5
https://doi.org/10.1016/j.molmed.2009.04.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19457719
https://doi.org/10.1016/j.tim.2010.12.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21216598
https://doi.org/10.1093/infdis/jis398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22696500
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3491738
https://doi.org/10.1111/j.1365-2559.2007.02652.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17394499
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1890920
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7692732
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1887072


Miyatake T, et al. Clonality analysis and human papillomavirus infection in squamous metaplasia and atypical
immature metaplasia of uterine cervix: is atypical immature metaplasia a precursor to cervical intraepithelial
neoplasia 3? Int J Gynecol Pathol. 2007;26:180–7.
[Crossref][PubMed]

52. Ueda Y, et al. Monoclonal expansion with integration of high-risk type human papillomaviruses is an initial step for
cervical carcinogenesis: association of clonal status and human papillomavirus infection with clinical outcome in
cervical intraepithelial neoplasia. Lab Investig. 2003;83:1517–27.
[Crossref][PubMed]

53. van der Marel J, et al. Oncogenic human papillomavirus-infected immature metaplastic cells and cervical
neoplasia. Am J Surg Pathol. 2014;38:470–9.
[Crossref][PubMed]

54. Keating JT, et al. Ki-67, cyclin E, and p16INK4 are complimentary surrogate biomarkers for human papilloma
virus-related cervical neoplasia. Am J Surg Pathol. 2001;25:884–91.
[Crossref][PubMed]

55. Roberts JN, et al. Genital transmission of HPV in a mouse model is potentiated by nonoxynol-9 and inhibited by
carrageenan. Nat Med. 2007;13:857–61.
[Crossref][PubMed]

56. Lopez J, et al. Human papillomavirus infections and cancer stem cells of tumors from the uterine cervix. Open
Virol J. 2012;6:232–40.
[Crossref][PubMed][PubMedCentral]

57. Witkiewicz A, et al. Superficial (early) endocervical adenocarcinoma in situ: a study of 12 cases and comparison to
conventional AIS. Am J Surg Pathol. 2005;29:1609–14.
[Crossref][PubMed]

58. Herfs M, Crum CP. Cervical cancer: squamocolumnar junction ablation--tying up loose ends? Nat Rev Clin Oncol.
2015;12:378–80.
[Crossref][PubMed]

59. Herfs M, et al. Unique recurrence patterns of cervical intraepithelial neoplasia after excision of the
squamocolumnar junction. Int J Cancer. 2015;136:1043–52.
[Crossref][PubMed]

60. Selvi K, et al. Role of p16, CK17, p63, and human papillomavirus in diagnosis of cervical intraepithelial neoplasia
and distinction from its mimics. Int J Surg Pathol. 2014;22:221–30.
[Crossref][PubMed]

61. Smedts F, Ramaekers FC, Hopman AH. The two faces of cervical adenocarcinoma in situ. Int J Gynecol Pathol.
2010;29:378–85.
[Crossref][PubMed]

62. Ponten J, Guo Z. Precancer of the human cervix. Cancer Surv. 1998;32:201–29.
[PubMed]

63. Quint W, et al. One virus, one lesion – individual components of CIN lesions contain a specific HPV type. J
Pathol. 2012;227:62–71.
[Crossref][PubMed]

64.

https://doi.org/10.1097/01.pgp.0000235068.16054.39
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17413987
https://doi.org/10.1097/01.LAB.0000092234.68751.83
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14563953
https://doi.org/10.1097/PAS.0000000000000174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24503756
https://doi.org/10.1097/00000478-200107000-00006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11420459
https://doi.org/10.1038/nm1598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17603495
https://doi.org/10.2174/1874357901206010232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=23341858
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3547319
https://doi.org/10.1097/01.pas.0000173239.24955.a2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16327433
https://doi.org/10.1038/nrclinonc.2015.104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=26031784
https://doi.org/10.1002/ijc.28978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24839092
https://doi.org/10.1177/1066896913496147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=23883975
https://doi.org/10.1097/PGP.0b013e3181cd3175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20567153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10489629
https://doi.org/10.1002/path.3970
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22127961


Litjens RJ, et al. The majority of metachronous CIN1 and CIN3 lesions are caused by different human
papillomavirus genotypes, indicating that the presence of CIN1 seems not to determine the risk for subsequent
detection of CIN3. Hum Pathol. 2014;45:221–6.
[Crossref][PubMed]

65. Herfs M, et al. Cervical squamocolumnar junction-specific markers define distinct, clinically relevant subsets of
low-grade squamous intraepithelial lesions. Am J Surg Pathol. 2013;37:1311–8.
[Crossref][PubMed][PubMedCentral]

66. Guo M, et al. Evaluation of a commercialized in situ hybridization assay for detecting human papillomavirus DNA
in tissue specimens from patients with cervical intraepithelial neoplasia and cervical carcinoma. J Clin Microbiol.
2008;46:274–80.
[Crossref][PubMed]

67. Hopman AH, et al. HPV in situ hybridization: impact of different protocols on the detection of integrated HPV. Int
J Cancer. 2005;115:419–28.
[Crossref][PubMed]

68. Evans MF, et al. Biotinyl-tyramide-based in situ hybridization signal patterns distinguish human papillomavirus type
and grade of cervical intraepithelial neoplasia. Mod Pathol. 2002;15:1339–47.
[Crossref][PubMed]

69. Paquette C, Mills AM, Stoler MH. Predictive value of cytokeratin 7 immunohistochemistry in cervical low-grade
squamous intraepithelial lesion as a marker for risk of progression to a high-grade lesion. Am J Surg Pathol.
2016;40:236–43.
[PubMed]

70. Escobar-Hoyos LF, et al. Keratin 17 in premalignant and malignant squamous lesions of the cervix: proteomic
discovery and immunohistochemical validation as a diagnostic and prognostic biomarker. Mod Pathol.
2014;27:621–30.
[Crossref][PubMed]

71. Smedts F, Ramaekers FC, Hopman AH. CK17 and p16 expression patterns distinguish (atypical) immature
squamous metaplasia from high-grade cervical intraepithelial neoplasia. Histopathology. 2008;52:515–6.
[Crossref][PubMed]

72. Zaino RJ. Glandular lesions of the uterine cervix. Mod Pathol. 2000;13:261–74.
[Crossref][PubMed]

73. Bekkers RL, et al. Coexisting high-grade glandular and squamous cervical lesions and human papillomavirus
infections. Br J Cancer. 2003;89:886–90.
[Crossref][PubMed][PubMedCentral]

74.
Theelen W, et al. Human papillomavirus multiplex ligation-dependent probe amplification assay for the assessment
of viral load, integration, and gain of telomerase-related genes in cervical malignancies. Hum Pathol.
2013;44:2410–8.
[Crossref][PubMed]

https://doi.org/10.1016/j.humpath.2013.10.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24439220
https://doi.org/10.1097/PAS.0b013e3182989ee2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24076771
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3905241
https://doi.org/10.1128/JCM.01299-07
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17977987
https://doi.org/10.1002/ijc.20862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15688369
https://doi.org/10.1038/modpathol.3880698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12481016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=26551618
https://doi.org/10.1038/modpathol.2013.166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24051697
https://doi.org/10.1111/j.1365-2559.2008.02941.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18315605
https://doi.org/10.1038/modpathol.3880047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10757337
https://doi.org/10.1038/sj.bjc.6601204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12942122
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2394485
https://doi.org/10.1016/j.humpath.2013.04.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=23968641


(1)

(2)

 

© Springer International Publishing AG 2017
C. Simon Herrington (ed.), Pathology of the Cervix, Essentials of Diagnostic Gynecological Pathology 3,
https://doi.org/10.1007/978-3-319-51257-0_2

2. Human Papillomaviruses (HPVs)

Kate Cuschieri1   and Ramya Bhatia2

Scottish HPV Reference Laboratory, Royal Infirmary of Edinburgh, NHS Lothian,
Edinburgh, UK
HPV Research Group, Division of Pathology, Queens Medical Research Institute,
University of Edinburgh, Edinburgh, UK

 
Kate Cuschieri
Email: Kate.Cuschieri@luht.scot.nhs.uk

Abstract
HPVs are epitheliotropic viruses with double-stranded DNA genomes and eight coding
genes defined as “early” or “late” depending on when they are expressed. Over 200
HPVs have been identified with 13 types considered oncogenic or high risk (HR). HPV
type 16 confers the greatest risk, being responsible for around 60% of cervical cancers.
HPV infection is common with a global point prevalence of around 10% and most
infections are transient. The life cycle of HPV is inextricably linked with squamous
epithelial differentiation and, during a productive infection, involves tightly regulated
sequential gene expression at the separate epithelial layers before particle release.
Some persistent infections can lead to cancer; in this scenario the productive life cycle
is not completed, and deregulated expression of early oncoproteins E6 and E7
stimulates uncontrolled cellular proliferation while abrogating tumor suppressor
function.

Prophylactic HPV immunization and the use of molecular HPV testing as a primary
cervical screening test have been implemented in several settings. Immunization has led
to a significant decrease in HPV infection and associated disease at the population
level, and the high sensitivity and reproducibility of HPV testing enables screening
intervals to be extended (for those who test negative) and provides options for self-
sampling. Future challenges will include how to integrate and implement immunization
and contemporary screening practices most optimally.
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Introduction
Papillomaviruses (PVs) are small, non-enveloped double-stranded (ds)
deoxyribonucleic acid (DNA) viruses belonging to the Papillomaviridae family. Apart
from being site specific, PVs are also highly species specific [1]. Infecting most
mammals and birds, more than 300 PV types have been identified including over 200
human papillomaviruses (HPV) (see [2] and Papillomavirus Episteme (PaVE); http://​
pave.​niaid.​nih.​gov/​#home).

HPV infection is extremely common and over 80% of individuals will be infected at
some point in their lifetime. The course of infection is generally subclinical, and only a
minority of those infected are affected by their exposure. As a strictly epitheliotropic
virus, its transmission is sometimes referred to as “skin to skin” where packaged
virions are transferred from one individual to another inside terminally differentiated
cells – thus requiring a level of contact.

Classification
The members of the PV family are formally classified based on sequence homology of
the L1 open reading frame (ORF) – the main structural gene of the virus which is highly
conserved, including for the risk association of the virus [3]. The family is divided into
genera denoted by Greek letters which have less than 60% homology between the
sequences. The human PVs belong in the alpha, beta, gamma, mu, and nu genera. HPV
“species” then aggregate groups of related HPV “types” and are denoted by their host
genus, and then a number, for example, HPV 16, is contained (alongside HPVs 31, 33,
35, 52, 58) in alpha species group 9 (see Fig. 2.1, adapted from [4]). Species groups
contain 61–70% sequence homology. After species come types which have 71–89%
homology. Within types are subtypes which have 90–98% homology, and finally within
subtypes there are variants which have more than 98% homology. Certainly, the common
currency for describing HPVs is at the “type” level (rather than as species), with types
being allocated their respective number according to when they were formally ratified
by the International HPV Reference Center.

http://pave.niaid.nih.gov/#home


Fig. 2.1 Classification of PVs based on phylogeny and risk status. Maximum likelihood phylogenetic tree for E1, E2,
L1 and L2 genes of 132 HPVs at the amino acid level (Reprinted from Doorbar et al. [4], Copyright 2012, with
permission from Elsevier)

The alpha genus contains the bulk of clinically relevant HPVs including the
oncogenic types which can infect the genital mucosa. However, within the alpha genus,
there are some HPV types which also infect cutaneous epithelium causing benign skin
warts such as types −2 and −57. The beta, gamma, mu, and nu viruses generally infect



cutaneous epithelia with beta HPVs involved in epidermodysplasia verruciformis (EV)-
specific lesions. Table 2.1 lists the HPV types within each genus and some of the
common manifestations of the different viral types.

Table 2.1 Summary of clinical manifestations of HPV types

Genus Tropism Risk
classification

Common types

Alphapapillomavirus Mucosal High risk 16,18,31,33,35,39,45,51,52,56,58,59,66,68

Mucosal Low risk 6,7,11,13,26,28,29,30,32,34,40,42,43,44,53,54,61,62,67,69,70,71,72,73,74,77,81,82,83,84,85,86,8789,90,91,94,97,102,106,114,117A3,125S1

Cutaneous Low risk 2,3,10,27,57

Betapapillomavirus Cutaneous  5,8,9,12,14,15,17,19,20,21,22,23,24,24,25,36,37,38,47,49,75,76,80,92,93,96,98,99,100,104,105,107,110,111,113,115,120,122,150,151,118A5,RTRX7



Gammapapillomavirus Cutaneous  4,48,50,60,65,88,95,101,103,108,109,112,116,119,121,123,128A4,129A1,130A,131A2,132A,133A,134A3,148A,149A1

Mupapillomavirus Cutaneous  1,63

Nupapillomavirus Cutaneous  41

In addition to a systematic approach to classifying HPVs according to primary
sequence, HPV types are aggregated according to the strength of their association with
malignancy. The International Agency on Research on Cancer (IARC) set up a working
group to consider the evidence on the risk status of the various HPV types through the
assessment of global epidemiological data with an emphasis on case control studies.
Currently, 12 HPV types are considered Group 1 carcinogens, HPV 16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, and 59 (Fig. 2.1), with a further one (HPV 68) and seven types



(26, 53, 66,67,70,73, 82) considered “probably” or “possibly” carcinogenic
respectively according to IARC definition [5].

The concept of low-risk types is also well established, with perhaps the most
clinically relevant being HPVs 6 and 11 which are responsible for around 90% of
genital warts and also a proportion of CIN1. See Fig. 2.2 for representative images of
genital warts [6]. There are reports of “possibly carcinogenic” types and even low-risk
types being the only type (or types) detectable in cancers. With this said, given that 96%
of all HPV-positive cervical cancers are attributable to types in Groups 1 and 2A alone,
it is reasonable to accept that any types beyond this are rarely associated with
significant disease. Finally, it is important to emphasize that the IARC categories are
somewhat mutable and subject to further change as evidence accumulates – for example,
HPV 66 while originally considered a Group 1 carcinogen in 2005 was relocated to the
“possibly carcinogenic” category based on updated analysis of the evidence [5].





Fig. 2.2 Anogenital warts. (a) Anogenital warts in adult. (b) Anogenital warts on the labia of a child. (c) Single
genital wart on the buttock of a child. (d) Extensive perianal warts in renal allograft recipient. (e) Condylomata
acuminata on the glans penis and foreskin (Reprinted from Cubie [6], Copyright 2013, with permission from Elsevier)

HPV Genome Organization and Life Cycle
The HPV genome is made of approximately eight kilobases (Kb) of circular episomal
dsDNA. It is divided into three regions: (1) a long control region (LCR), containing the
origin of replication (Ori) and promoter sites for transcription of genes which is
variable between different species of HPV indicating the diverse evolution of the virus;
(2) an early region coding region for the genes – E1, E2, E4, E5, E6, and E7; and (3) a
late region coding for genes L1 and L2. While the late genes, particularly L1, are highly
conserved between different PVs, there is much heterogeneity associated with the early
genes. For example, the E5 gene does not exist in beta PVs, and the E6 gene is absent in
some gamma PVs such as HPVs 101, 103, and 108 [7]. Figure 2.3 lists the major HPV
ORFs and their functions [8].



Fig. 2.3 (a) Schematic representation of the genomic organization of HPV-16. The genome contains early (in blue)
and late (in green) regions, which relate to the timing of expression during the viral life cycle. The genome also
contains an upstream regulatory region (URR) and two promoters for early (AE) and late (AL) gene expression. (b)
The main functions of each of the viral proteins are listed in the table (Reprinted from Stanley [8], Copyright 2010, with
permission from Elsevier)

Insights into the life cycle of HPV are mostly gained through an understanding of
alpha PVs. However, the broad principles can be extended to other PVs. The life cycle
of HPV is very closely related to differentiating epithelium (Fig. 2.4) [9]. Infection of
the virus is thought to occur through microwounds in the epithelial layer providing
access to basal stem cells. It is well established that the transformation zone, and
particularly the metaplastic region, is susceptible to infection due to increased
accessibility and proliferation of the basal cell layers (see also Chap. 1). However,



more recently, the discovery of a discrete population of squamocolumnar junction (SCJ)
cells which may be prone to infection has also been suggested [10]. Virus particles bind
to glycosaminoglycan (GAG) chains of heparin sulfate proteoglycan (HSPGs) which
leads to a conformational change in the virion. Additional receptors are thought to be
required for viral entry but these have yet to be properly characterized [11]. Upon
infection, E1 and E2 are the first viral proteins expressed leading to establishment of
episomal copy number of between 50 and 200. Maintenance of a low level of viral
episomes in the basal layer which can then reactivate has been demonstrated in animal
models. Reactivation may be as a consequence of changes in immune surveillance,
alterations in hormone levels and/or growth factors, UV irradiation, or
abrasion/wounding. There is also evidence to suggest that a latent, rather than
productive, infection may be more likely to occur in anatomical sites where the
complete life cycle can be supported only poorly. Like many other viruses, the notion of
latent infection with HPV without clinical or microscopic signs of disease is credible.

Fig. 2.4 HPV life cycle in differentiating epithelium. The figure shows normal differentiation of stratified squamous
epithelium in the leftmost corner (light blue). In the middle panel, HPV-infected basal keratinocytes (shown in dark
blue) with episomal viral genome divide and move on to suprabasal layers which remain in the cell cycle and continue
to proliferate. Virions are produced and shed from the uppermost layer of the epithelium. Cells with integrated
genomes (red) are shown on the right panel. Integration can cause immortalization of cells and continuous proliferation
leading to malignancy (Reprinted by permission from Macmillan Publishers Ltd.: Woodman et al. [9], copyright 2007)

In the “productive” life cycle of HPV (i.e., the ability of the virus to make daughter



viruses), E2 protein along with cellular tethering proteins such as bromodomain-
containing protein 4 (Brd4) attaches the viral episome to the cellular genome, and viral
replication occurs along with cell replication. E1 and E2 proteins are also responsible
for the regulation and transcription of other early proteins E5, E6, and E7. The initial
proliferation of basal cells by cellular factors is essential for driving expression of the
viral proteins during a productive life cycle, and E5, E6, and E7 proteins modify the
cellular environment to allow viral genome amplification. As the infected cells move to
the upper layers of epithelium, the expression of late proteins E4, L1, and L2 occurs.
The virions are initially assembled by recruitment of L2 protein to the replicating
episome with the major and minor capsid proteins (L1 and L2) then incorporated at a
5:1 ratio to create the viral particle. The E4 protein disrupts the keratin structure and
aids virion release in the topmost layers of the epithelium. This life cycle of the virus is
seen in most low-risk HPV infections and a component of high-risk infections. Of note,
the E5, E6, and E7 proteins associated with high-risk types differ from those of the low-
risk types, particularly in their capacity to drive cell proliferation in the basal cell
compartment, interact with tumor suppressor proteins and in their capacity for immune
evasion.

The reasons why some infections do not follow a productive course are not fully
understood. Integration of the viral DNA into the host genome is considered a risk factor
for a nonproductive and potentially transforming infection, although integrated viral
HPV DNA can been found in normal cervical tissue. Most cancers have “mixed” forms
of the virus (i.e., episomal and integrated), although a component contains episomal
forms exclusively. There is evidence to suggest that the presence of an intact E2 gene in
episomally driven cancers can hinder the effect exerted by E6 and E7, with E5 exerting
a more significant role in this group [12].

Integration is randomly distributed, and although the characteristics of potentially
“fragile” areas of the genome have been described, no specific preferential integration
site on the genome has been defined [13]. However, it has been observed that disruption
of the E2 gene of HPV is a consequence of integration [14]. E2 controls the
transcription of viral oncogenes E6 and E7, and its levels within the different layers of
the epithelium are tightly regulated to control the viral life cycle. Release of E6 and E7
from the transcriptional control mediated by E2 leads to high-level expression of E6
and E7, which induces a series of cellular processes that can lead to the immortalization
and malignant transformation of cells.

E7 is a small protein and one of its main functions is its binding and inactivation of
cell cycle regulator retinoblastoma (RB). The E7 protein of high-risk alpha HPVs
exerts a stronger binding affinity to pRB due to structural subtleties in the N terminus of
the protein (compared to low-risk types). In G0 and early G1 phases of cell cycle, RB
binds to and inactivates the E2F family of transcription factors which mediate the
transcription of genes responsible for S-phase progression. During late G1, RB is



phosphorylated by cyclin-dependent kinases (CDKs) and hyperphosphorylated RB
releases E2F. The continuous expression of E2F-responsive genes leads to uncontrolled
cell division. Protein phosphatase PP1c acts by competing with CDKs to
dephosphorylate RB in order to maintain control over cell cycle. E7 associated with
HR-HPV binds to RB and releases E2F for constitutive expression of S-phase genes for
continued cell proliferation. It also binds weakly to other proteins involved in cellular
proliferation such as p107 and E2F1. The immortalization and transformation abilities
of “high-risk” E7s have been proven, whereas low-risk types lack this ability.

As with E7, E6 proteins associated with HR-HPVs also have a stronger association
with a tumor suppressor protein – in this case, p53. Upon activation, p53
transcriptionally activates genes required for apoptosis and cell cycle arrest. However,
in cells infected with HR-HPVs, the activity of p53 is modulated by E6. E6 causes
ubiquitin-mediated proteolysis of p53 through its interaction with the ubiquitin ligase
E6-associated protein (E6AP). The E5 protein, on the other hand, stabilizes and
enhances epidermal growth factor (EGF) receptor and signaling and mitogen-activated
protein (MAP) kinase activity. The aforementioned processes lead to proliferation of
damaged cells lacking capabilities for repair and susceptible to secondary mutation –
all of which can predispose to a malignant phenotype [15].

Epidemiology
Given the remit of this book, focus will be on HR-HPV infection in females and
implications for cervical disease. However, there are a number of sources where
information on epidemiology in other neoplasms and males can be sought [16]. Notably
5–8% of all human cancers are thought to be associated with HPV.

Prevalence in the General Population
While the incidence of HPV-associated morbidity and mortality varies greatly
worldwide, global data indicate that the pattern of infection is relatively consistent.
From the female perspective, HPV is acquired soon after initiation of sexual activity,
with a peak in women up to age 25 and then a decline, until an age range of 35–44
years. While this pattern of “peak and decline” has been demonstrated in several
countries, there is evidence for country-specific differences in the amount of circulating
HPV infection (overall prevalence) and also type-specific prevalence, even in
developed countries which provide similar health-care services [17]. For example, data
from the Netherlands indicate that the prevalence of HR-HPV in (unvaccinated) women
aged 30–60 attending for routine cervical screening is around 6% [18]. The
comparative figure in the UK is around 12%. After adjusting for study design, age, and
detection methodology, the worldwide HPV DNA point prevalence has been estimated



at around 10% with the highest estimates in Africa and Latin America (20–30%) and the
lowest in Southern Europe and Southeast Asia (6–7%). Reasons for these differences
are manifold and likely to do with differing relative contributions of external risk
factors, sociodemographic differences, different sexual practices and mores, and,
potentially, inherent genetic susceptibility.

A second “peak” of HPV infection has been described in women aged over 45.
Although this is not replicated in all country-specific settings, there are sufficient data to
indicate that this is a real phenomenon in some. Whether this is brought about by cohort
effect, waning immunity to past infection, or changed sexual practices, is not well
established [5, 17].

Although the bulk of HPV infection is acquired after the onset of sexual activity,
infection with HR-HPV can be acquired in childhood in the absence of abuse. HPV
epidemiological and natural history data in children is relatively sparse compared to
adults; however, the evidence would suggest that HPV can be acquired vertically,
during vaginal delivery and also postpartum through close contact with carer and child.
While most of the infections clear at around 6 months of life, longitudinal “family”
studies have indicated that a proportion will persist beyond this and infections with
beta types such as HPV 2 and alpha types including HPV 16 have been observed
beyond 6 months [19].

While HPV 16 is generally always the most commonly detected high-risk type, the
subsequent prevalence/rank of the other 11 Group 1 high-risk types after this also varies
between countries. However, when type-specific prevalence is assessed within
significant disease (CIN2+) rather than in the general population, the rankings largely
converge as will be discussed later. Figure 2.5 shows HR-HPV prevalence in a cross
section of women attending for routine cervical screening in Scotland [20]. While data
gleaned from the screening programs are undoubtedly helpful given that they incorporate
a wide age range and include the peak age for cervical cancer incidence, they do
underestimate the extent of infection given that they do not capture women who do not
attend screening services, who are at greater risk of infection and disease.



Fig. 2.5 HR-HPV prevalence in women aged 20–60 attending for routine cervical screening in Scotland [20]

Clearance and Risk
Most infections of the genital tract including high-risk infections clear, or become
undetectable, within 2 years after infection. However, the likelihood and rate of this
clearance is affected by the specific high-risk HPV type and comorbidities such as
immune suppression or whether the infection is associated with underlying cervical
disease or not. Consistent use of condoms has been shown to reduce transmission,
although as HPV is “pan genital” and detectable on the buttocks, scrotum, and perianal
region, condoms are, at best, partially protective. Male circumcision has also been
demonstrated to reduce the risk of HPV transmission [21].

While HPV acquisition has been demonstrated to reduce with age, there are some
reports which indicate that persistent infection is more likely to manifest at older ages
(>30 years). However, these observations are somewhat confounded by a lack of
consistency as to what defines a persistent infection. Persistent infection is often
described in terms of an individual having the same HR-HPV type(s) over two
sequential measurements, yet the time between those visits can vary from 6 months or
less to several years. Furthermore, the duration of infection prior to the first positive
measurement is generally unknown in longitudinal studies. Notwithstanding these issues,
women who have “persistent” infection, defined as testing HPV positive over two or
more visits, are at increased risk of developing CIN2+ compared to those who have a
transient infection.



Differential type-specific risks of the various HR-HPV types for the development of
high-grade lesions are also well documented – particularly, the unique “riskiness” of
HPV 16. Hazard ratios relating to the development of CIN2+ within 2 years after 6-
month persistent infections (6MPI) with HPV 16, HPV 33, HPV 31, HPV 45, and HPV
18 have been reported as 10.44, 9.65, 5.68, 5.38, and 3.8, respectively, compared to
women infected with a low-risk HPV type (Fig. 2.6). When CIN3+ is used as an
endpoint, women with a 6MPI with HPV 16 and HPV 33 have a 25-fold higher risk of
progression to CIN3+ (compared to women infected with a low-risk type).
Comparatively, women with a 6MPI infection with HPV 31 have been shown to have a
tenfold higher risk of CIN3+, while women infected with HPV 18 or 45 or any of the
remaining high-risk types harbor a sixfold and fourfold higher risk, respectively [22,
23].

Fig. 2.6: Risk of progression of a 6-month persistent infection (6MPI) for CIN2+ associated with the same HPV
type. Kaplan-Meier estimates of cumulative risk (%) of developing CIN2+ lesions associated with the same HPV type
were calculated for HPV-16, HPV-18, HPV-31, HPV-33, HPV-45, and other oncogenic HPV types and non-oncogenic
HPV types (Figure reproduced with permission from Jaisamrarn et al. [22])

Predictors of incident infections are, unsurprisingly, correlates of sexual behavior of
the woman and her partner – these include age at onset of sexual intercourse, number of
partners, relationship status (single or not), and smoking. In women who have reported
being in a monogamous relationship, the predictors of incident infection have included
not living with a partner and the age of that partner. Persistent oral contraceptive use has



been associated with persistence of HR-HPV as has coinfection with Chlamydia
trachomatis, although there is some disparity in the literature as to the magnitude of this
effect after adjustment for behaviors and lifestyle [5]. The implications of multiple
infection on acquisition, persistence, and risk of infection are also somewhat unclear;
cross-sectional studies indicate that after adjustment for age and underlying pathology,
the presence of >1 HR type does not confer an additional risk for subsequent infection
and disease, whereas others have indicated that there is a greater chance of acquiring a
new HPV type if already infected and that this does indeed confer an additional risk of
CIN development. Certainly multiple infection is common, particularly in young women
under 30 with around 50% of those who are HR-HPV positive being infected with more
than one type [17]. Generally, although an individual may be infected with multiple
types, visible lesions are generally clonal (i.e., one type-one lesion), and this has been
demonstrated with laser capture dissection methodologies and highly sensitive
genotyping technologies.

Prevalence in Disease (Histological)
Most, but not all, CIN2+ lesions contain HR-HPV detectable at the molecular level.
Certainly, the majority of cervical cancer is driven by HPV 16, generally followed by
HPV 18 with up to 70% of cancers being associated with these types (Fig. 2.7) [24].
When the denominator is restricted to cancers where any HR-HPV has been detected,
the percentage positive for HPV 16 and/or 18 can increase to 80%. With respect to
morphology, a higher proportion of adenocarcinomas are positive for HPV 18 compared
to squamous cell carcinoma. The overwhelming dominance of HPV 16 and 18 informed
vaccine design and the first two licensed vaccines used in national immunization
programs contained both HPV 16 and 18 as will be discussed in a later section. The
prevalence of cervical cancer associated with HPV 16 and 18 has been demonstrated to
decline significantly with age; a 2015 meta-analysis of 11,525 cancers indicated that the
proportion reduced from 74.8% in women aged 30–39 years to 56.8% in women ≥70
years [25].



Fig. 2.7 Type-specific prevalence in cervical cancer (Data from Arbyn et al. [24])

As CIN2 (and to a lesser extent CIN3) lesions are a more heterogeneous category
pathologically, compared to invasive cancer, the relative proportions of high-risk types
associated with them are somewhat different from those observed in cancer. In a recent
study of over 370,000 women where type-specific HPV status was related to cervical
disease status, HPV 31 was detected in 10% and 11% of CIN2 and CIN3 lesions
compared to 3.5% of cancers [24]. Similarly, the attributable fraction of HPV 18 is
generally higher in cervical cancer than in CIN2 and CIN3.

The notion of the “HPV-negative” cervical cancer is controversial. Some argue that
given that persistent infection with HPV is prerequisite for malignancy, HPV-negative
cancers are cases where the virus is simply undetectable due to fragmentation of the
viral genome brought about through integration which may be compounded by incapacity
of the detection technique. It is feasible that while HPV may initiate and drive
transformation, it may become lost later in the process in some cancers. Recent
evidence also suggests that HPV is infrequently detected in rare cervical
adenocarcinomas (ADC) being associated with 28% of clear cell, 30% of serous, 13%
of endometrioid, and no gastric-type carcinomas [26] and see Chap. 9.

Prevalence in Disease (Cytologically Defined)
The prevalence of HR-HPV increases with increasing severity of cytologically defined
abnormality. Although this general trend is observed globally, the overall prevalence of
HR-HPV according to cytology category varies significantly according to country. For



example, in a global analysis of over 115,000 HPV-positive women, HR-HPV
prevalence in women with normal cytology ranged from 8% to 9% in Western/Central
Asia and Europe to over 20% in Africa, North America, South/Central America, and
Oceania, with an overall prevalence of 12% [17, 27]. With respect to abnormal
cytology categories, the global analysis reported overall HR-HPV prevalence(s) in
atypical squamous cells of uncertain significance (ASCUS), low-grade squamous
intraepithelial lesion (LSIL), and high-grade squamous intraepithelial lesion (HSIL) of
52%, 76%, and 85%, although, again, these prevalences varied according to geography.
Consistency and accuracy of cytology are known to vary according to setting and will
account for at least part of this variation. Furthermore, it is notable that variation in HR-
HPV prevalence, even in histologically defined disease, only diminishes at the level of
biopsy-confirmed cancer where the 90% HR-HPV-positive figure is relatively
consistent. The prevalence of HR-HPV in the different cytology categories has informed
the appropriate application of HR-HPV testing for the management of abnormal
cytology – there is little to justify HR-HPV testing of HSIL as nearly all will be HR-
HPV positive. However, as around 45–50% of ASCUS are HR-HPV negative, the use
of HR-HPV testing for the risk stratification or “triage” of this entity to colposcopy (or
more conservative management) is widespread as will be discussed in a later section.
As prevalence of HR-HPV LSIL is higher, the effectiveness of HR-HPV triage of LSIL –
compared to repeat cytology – is more debatable; however, triage of low-grade disease
which includes both categories is also common.

Host Defenses
The host immune response plays a vital role against pathogens, and HPV is no exception
with the first line of defense being the epithelia that it specifically infects. HPV keeps a
relatively low profile to the immune system. The key mechanism of immune evasion for
HPV is through its tightly regulated life cycle, which is inextricably linked to the
differentiation process with daughter viruses released through “normal” desquamation.
The non-lytic nature of the virus thus generates little inflammation and there is no
viremic phase. Furthermore, the epithelial milieu which HPV infects exclusively is
relatively sparse in terms of immunological effectors, and, consequently, HPV infections
can persist with little exposure to the immune system. This enables the high prevalence
of the virus in the population described earlier.

The epithelial keratinocytes, dendritic cells (DCs), Langerhans cells (LCs), and
natural killer (NK) cells are among the more important cells involved in the
immunological management of HPV infection. The key cells and their functions are
described below along with mechanisms of immune evasion employed by HPV.

The basal keratinocytes that are initially infected with HPV act as nonprofessional
antigen-presenting cells as they express pathogen recognition receptors (PRRs). These



PRRs, such as the Toll-like receptor (TLR) family, recognize pathogen-associated
molecular patterns (PAMPs) and activate the adaptive immune response signaling
pathways. TLR activation, particularly TLR9, is necessary for clearance of viral
infection; increased levels of TLRs in cervical specimens of HPV-infected women have
been shown to be associated with viral clearance [28, 29], and polymorphisms in TLR9
have been associated with increased risk of cervical cancer [30]. Activation of TLRs,
in turn, leads to expression of pro-inflammatory cytokines and chemokines such as TNF-
α (alpha), CCL2, CCL20, CXCL8, and type I interferons, principally IFN-α (alpha) and
IFN-β (beta). In women with HPV infection, a strong pro-inflammatory type 1 cytokine
profile is seen which is associated with viral clearance [31, 32]. Cytokines and
chemokines recruit innate and adaptive immune cells to the site of infection and create a
pro-inflammatory microenvironment containing monocytes, DCs, and NK cells
(reviewed in [33]).

This said, HPV is able to counteract the activation of receptors and the effect of
secreted cytokines to create an anti-inflammatory microenvironment which favors
persistent infection. Expression of TLR9 is reduced in HPV 16-positive cervical cancer
samples, and HPV 16 E7-mediated suppression of TLR9 has been suggested, but the
mechanism is not fully understood [34]. E6 and E7 also downregulate the expression of
monocyte chemotactic protein-1 (MCP-1) and macrophage inflammatory protein-3a
(MIP-3a), thus inhibiting the translocation of macrophages to the site of infection [35].
In addition, E6 and E7 downregulate the transcription of interferons – E7 through
binding to IRF9 and IRF1 and E6 through binding with IRF3 [36].

Dendritic cells or professional antigen-presenting cells are also highly relevant in
the initial immune response to infection. In the epithelium, DCs incorporate Langerhans
cells (LCs) in the epidermis and three subsets of DCs in the dermis. Viral infection
should in theory activate LCs, but evidence would suggest that given that gene
expression is confined within keratinocytes, HPV capsids do not activate LCs [37].
Therefore, migration and adhesion of LCs to keratinocytes are necessary for activation –
although, again, HPV has developed mechanisms to block this. Downregulation of E-
cadherin by E6 and E7 disrupts the adhesion of keratinocytes to LCs [38], and a
decrease in the number of LCs is associated with the severity of CIN [39].

Activation of LCs and dendritic cells in the stroma is necessary for recruitment and
maturation of CD4+ and CD8+ T cells. In the presence of DCs expressing MHC class I
antigen, CD8+ T cells are converted to cytotoxic T lymphocytes (CTLs). Activated by
Th1 cytokines such as IL2, IL12, and IFN gamma, CTLs are able to digest HPV-infected
cells. On the other hand, CD4+ T cells activated by Th1 or Th2 responses are
responsive to DC presenting MHC class 2 antigen. HPV 16 E5 has been shown to
suppress the expression of MHC class I and antigen processing via the TAP pathway
leading to suppression of CTLs [40]. Th1 cells induce cell-mediated immunity, and this
response is considerably reduced in patients with CIN 2+ and severely impaired in



cervical cancer patients. Inversely, a shift to Th2-type chemokines is seen in patients
with cervical cancer [41]. Th2 responses are anti-inflammatory, and Th2-type cytokines
such as IL10 and TGF-beta (β) 1 can drive such a microenvironment that favors viral
persistence and progression.

Another important element of the innate immune response against HPV infection is
attributed to natural killer cells (NK cells). In women with HSILs and cervical cancer,
the cytolytic ability of NK cells is considerably decreased, although the mechanism
remains unknown [42].

Although there are still knowledge gaps in relation to the immune response to HPV
infection, its fundamental role is in keeping with the fact that immunocompromised
women (including those who are HIV positive) have a higher prevalence of HPV
infection and greater risk of associated disease [43]. A better understanding of the
mechanisms of immune evasion by the virus is being obtained using virus like particles
(VLPs) which have also led to the development of prophylactic vaccines (described in
the next section). Undoubtedly, greater detailed insight into the immune response will
inform the design of enhanced prophylactic and therapeutic approaches to HPV infection
including the creation of improved adjuvants, and other tools, such as short hairpin
RNAs, which can target immunosuppressive molecules.

HPV Immunization
One of the most exciting recent developments in HPV-associated disease management is
undoubtedly the development and implementation of prophylactic HPV vaccines. Table
2.2 provides an overview of the key characteristics of the current licensed vaccines. All
are currently based on VLPs composed of the main structural protein L1, and while they
elicit strong neutralizing antibody responses, they are effectively empty shells and do
not contain the genetic apparatus for replication.

Table 2.2 Overview of prophylactic HPV vaccines

Vaccine Types Adjuvant Indications Tradename
and
manufacturer

Bivalent 16,18 ASO4 Females aged 9–25: Prevention of cervical cancer,
cervical intraepithelial neoplasia (CIN) grade 2 or worse
and adenocarcinoma in situ, and CIN grade 1, caused by
HPV 16 and 18

Cervarix
(GSK)

Quadrivalent 16,18,6,11 Allum Females aged 9–26: Prevention of cervical, vulvar, and
vaginal cancers. Males and females 9–26 for the
prevention of anal cancer, precancerous or dysplastic
lesions, and genital warts caused by HPV 6, 11, 16, and
18

Gardasil or
Silagard
(SPMSD)



Nonavalent 16,18,31,33,45,52,58,
6,11

Allum Females aged 9–26: Prevention of cervical, vulvar,
vaginal, and anal cancers caused by HPV 16, 18, 31, 33,
45, 52, and 58. Males and females 9–26 for the
prevention of anal cancer, precancerous or dysplastic
lesions, and genital warts caused by HPV 6, 11, 16, and
18, 31, 33, 45, and 52

Garadsil-9
(SPMSD)

Delivery and Immunogenicity
Current vaccines take the form of suspensions within prefilled syringes and are
delivered via intramuscular (IM) injection. IM injection of adjuvant VLPs invokes a
significantly more potent immune response compared to that associated with natural
infection where, as discussed earlier, HPV is highly adept at evading immune
surveillance within the epithelia, an environment relatively limited in its capacity for
providing relevant antigen-presenting cells for HPV. Alternatively, the IM route offers
swift exposure of the VLPs to the lymphatics. In addition, evidence would suggest that
the VLP is “intrinsically very immunogenic” as a consequence of the repeat pattern of
L1 capsomers facilitating the adaptive immune response. Consequently, only ~50% of
individuals seroconvert as a consequence of natural HPV infection compared to nearly
all who receive vaccine via IM immunization [44].

HPV vaccine dosing follows the classic “prime-boost” regimen. The vaccines were
initially licensed for three doses implemented at 0 then 1 (or 2) months after baseline
with a final dose at 6 months after baseline.

Although the precise mechanism, components, and levels of the immune response
required to confer protection through immunization are not fully understood, it is
generally accepted that generation of a neutralizing antibody response is important.
Immunization is associated with a peak of antibody titers around 1 month after the final
dose which then falls over a period of 12–18 months to an eventual plateau. Although
the actual level of antibody required to be efficacious clinically is still unknown,
encouragingly, the clinical vaccine trials indicate that antibody levels generated after
three doses are protective for a minimum of 10–12 years postimmunization. This is
consistent with the finding that vaccine-induced serum neutralizing antibody levels
persisted around 1 log higher than those associated with natural infection for the
duration of the trials [45].

More recently both the quadrivalent and bivalent vaccines have been shown to elicit
non-inferior antibody responses to three dose schedules when delivered as a two-dose
regimen provided the second dose is given a minimum of 6 months after the first [46,
47]. These data have been translated into policy in some settings; for example, the
current guidance from the Joint Committee on Vaccination and Immunisation (JCVI),
which sets vaccine policy in the UK, has recommended a two-dose schedule for the UK
program since 2014. There are also emerging data to indicate that one dose may offer a



level of protection; this is important given the costs of setting up and delivering
immunization programs. Of the countries that offer HPV vaccination programs, the
majority are middle or high income.

As the vaccine is most efficacious in those who have not been exposed to HPV,
countries which have initiated vaccination programs have generally “targeted” children
of late primary or early secondary school age (i.e., prior to the likely onset of sexual
activity). However, several countries also offered an initial “catch-up” of older girls
and women for the first few years of the program. The maximum age and duration of
catch-up ranged according to program, with some extending this to females up to age 26.

While the majority of immunization programs have focused on females, gender-
neutral vaccination is now a reality, with Australia being one of the first countries to
adopt this approach at the program level [47]. A somewhat contentious area, there is an
argument that the value, particularly the cost-effectiveness, of vaccinating males is
diminished when vaccine uptake in females is high (over 80%) given the indirect herd
benefits which males will incur as a result of lower transmission rates from females.
Certainly a reduction of genital warts in the heterosexual male population was observed
in Australia, which was attributed to what was then the female-only vaccination policy
of the time [48]. However, this argument is countered by the fact that establishing and
maintaining high uptake is challenging. Although some countries have been successful in
this endeavor with sustained uptake rates of over 80%, substantially lower rates have
also been observed, even in high-income settings [49]. While school-based programs
offer logistical advantages for delivery and are generally associated with higher uptake
than community-based settings – such a setup is not always feasible. Negative reports of
vaccine in the media and/or by anti-vaccine groups have also had negative
consequences for uptake. Furthermore, men who have sex with men (MSM) are not
protected by female-only vaccination while remaining at significantly higher risk of
genital warts and anal cancer. As a consequence, targeted programs for MSM have been
recommended in certain countries.

Therapeutic Vaccines
Given the nature of prophylactic vaccines, which confer optimal efficacy in those who
have not been exposed, there is still a requirement for robust therapeutic vaccines given
the millions of individuals who have already been exposed to the virus and/or have
associated disease. However, compared to prophylactic vaccines, which are already
making significant impact on HPV infection and disease (see below), the traction and
application of therapeutic vaccines is somewhat behind. This has largely been
attributable to the fact that while the immune response is clearly critical in HPV
clearance and lesion regression, the key correlates of what drives this are not fully
defined. This said, given the intracellular nature of HPV, it is reasonable to assume that



therapeutic vaccines need to engender the production of cytotoxic T cells which
recognize MHC molecules bound to viral peptides. Relevant viral proteins/antigens to
achieve this have included, unsurprisingly, E6 and E7 but also L1, L2, and E2 and
various combinations thereof [50]. Candidates for therapeutic vaccines have included
DNA vaccines (delivered by electroporation) and peptide vaccines, and both have been
shown to induce T cell responses. A recent trial where a synthetic long peptide vaccine
(full-length E6 and E7) was delivered in patients with CIN showed 50% had either total
or partial regression at 3 months from vaccination with a correlation between the levels
of vaccine-driven T cell responses and clinical outcome. Interestingly, the same vaccine
did not show an equivalent, beneficial clinical response in cancer patients; this
reconciles with the contention that alteration of systemic and local immunity as a
consequence of cancer has a negative impact on T cell response, production, and
function [51]. Different approaches for the management of preinvasive and invasive
disease by therapeutic agents may thus be warranted.

Impact (Prophylactic Vaccines)
The prophylactic vaccines appear highly efficacious; trial data indicate over 95%
efficacy for lesions associated with vaccine types in individuals who were negative for
HPV vaccine types prior to immunization. In addition a welcome cross protective
effect, particularly against HPV types 31, 33, and 45, has been observed, although the
extent of cross protection may differ with the vaccine applied [52].

Efficacy measurements garnered from trial settings are not directly transferable to
that which can be expected in national programs given that the latter will be inherently
larger, more diverse, and complex. However, it is encouraging to see that the impact of
national HPV vaccine programs that have incorporated the bivalent and/or the
quadrivalent vaccine is now being realized at the population level. Specifically, a
significant decrease in vaccine-type HPV infection and cross protective types has been
observed, in addition to a dramatic reduction in genital wart cases (in countries where
the quadrivalent vaccine was offered) with Australia demonstrating a 90% reduction of
warts in the vaccine-targeted age group. An impact on cytologically defined high-grade
abnormalities and CIN of all grades has also been seen, with a recent UK study
reporting a 30% reduction of CIN1 and a 50–55% reduction of CIN2+ in women
vaccinated with the bivalent vaccine aged 14–18 as part of a catch-up strategy [53].
This is consistent with data from Denmark which indicated a 44% reduction in CIN2+
lesions in women vaccinated with the quadrivalent vaccine, again as part of a catch-up
strategy [54]. It is reasonable to expect that the impact on CIN2+ may be even greater in
women vaccinated at target age (and therefore less likely to have been exposed to
HPV). As the nonavalent vaccine has been licensed only recently (at the time of this
publication), program data on its impact are not available. However, extrapolations



from existing datasets on type-specific prevalence in CIN and cancers indicate that it
could protect against up to 85% of CIN3 and 90% of cervical cancers [55].

In summary, prophylactic vaccines appear highly efficacious, and the main hurdles
remain the cost of implementation and the maintenance of high uptake to ensure optimal
population-level effects. While therapeutic vaccines are behind in terms of application,
their evolution and development will be enhanced given that systems for boosting and
refining relevant T cell populations are also developing.

HPV Testing
Justification for HPV Testing
Molecular HPV testing is being used increasingly for the detection and management of
cervical disease [56]. This is underpinned by the following reasons:

1. Persistent HPV infection with HR-HPV is requisite for the development of the vast
majority of cervical cancers.

 

2. The likelihood of having significant disease (CIN2+) and being HPV negative is
very low – lower than that in women who have negative cytology, particularly over
the longer term.

 

3. In line with 2, the sensitivity of HPV testing for CIN2+ is very high (~95%).  
4. HPV testing can be performed in diverse biospecimens including self-taken

samples.
 

5. HPV testing is objective and its consistency, particularly by taking a global view, is
higher than that of cytology.

 

6. Certain high-risk HPV types are riskier than others – particularly HPV 16.  
HPV tests that are used for screening and management are generally high-throughput

molecular assays that can detect 13–14 high-risk HPV types including all group 1 and
2A types and provide a consensus readout (i.e., high-risk HPV detected or not detected)
or a consensus readout in addition to a limited genotyping result. The limited genotyping
capability is often confined to HPV 16/18, although capacity is increasing beyond these
two types on some platforms [57]. Although genotyping within the HR-HPV category
can provide insight into risk particularly if performed longitudinally, for pragmatic



reasons women are managed according to HR-HPV-positive or HR-HPV-negative status
particularly in guideline-driven organized screening programs, where the onus is to
minimize complexity where possible. Testing for low-risk HPV types is not valuable for
cervical disease management, and, although group 2B types can be associated with
cancer, they are not generally incorporated into clinically validated assays given that the
loss in specificity is not offset by what is a small increment in sensitivity. The last 10
years has seen an almost exponential increase in the number of commercially available
HPV tests; however, the amount and quality of evidence on their clinical performance
varies widely [58]. In reaction to this, the scientific community devised performance
standards, which HPV assays should fulfill to be considered validated for use in
cervical screening. These standards incorporated minimum sensitivity and specificity
for the detection of CIN2+ and also reproducibility [59]. An increasing number of HPV
assays that demonstrate similar clinical performance are now clinically validated.
Choice of which assay may be integrated into a health-care system may thus be
influenced by pragmatic yet non-trivial attributes such as cost, ease of use, throughput,
and flexibility of the platform for other applications.

With respect to application of HPV testing for patient management, ensuring that the
context in which testing is delivered is appropriate is fundamental to avoid misuse of
what are very sensitive tests, even when using robust clinically validated assays. The
three accepted main indications for HPV testing are (1) risk stratification or “triage” of
equivocal or low-grade cytological abnormalities to inform the route to colposcopy; (2)
monitoring the success of treatment after removal of cervical lesions, often referred to
as “test of cure”; and (3) primary cervical screening. Indications 1 and 2 have been
established within both organized and opportunistic screening programs for several
years. Indication 3, primary screening by HPV testing, represents the most fundamental
change and is a more recent phenomenon. However, this is now accepted as the optimal
modality for screening, with several countries committing to and implementing this
approach.

The advantages and disadvantages of HR-HPV testing for the three main indications
are summarized in Table 2.3. Simply put, the benefit of HPV testing is more immediately
conferred on those who test negative as they are at a relatively low risk of disease.
Managing the positives is more challenging given that, as discussed earlier, the majority
of HR-HPV infections are subclinical, particularly in women under 30. Consequently,
the disadvantages of HR-HPV testing largely converge around its low specificity and
positive predictive value (PPV). HPV testing for longitudinal epidemiology and
surveillance monitoring programs of vaccine impact is also important but is not a
screening/clinical indication, and the type and characteristics of tests used for this
context are generally different from those applied for cervical screening.

Table 2.3 Summary of indications for clinical HPV testing for cervical screening and disease management –



advantages and limitations

Indication Advantages Disadvantages
Primary screening Sensitive for the detection of CIN2+ − longer screening

intervals possible after an HPV-negative result
Opportunities for self-sampling in hard-to-reach
populations

Although sensitive, will not detect all
CIN2+

Less affected by the impact of vaccination compared to
cytology

Prevalence of “screen” HR-HPV
positives higher than screen cytology
positives

Objective – more practical for countries which do not
have the infrastructure for cytology-based screening

Low PPV of HR-HPV test for
significant disease requires additional
triage

Triage of low-
grade
abnormalities

Sensitive for the detection of CIN2+
Reduced intensity of follow-up in those who test HPV
negative and minimization of unnecessary colposcopy
referrals

Low PPV, particularly in LSIL where
prevalence of HR-HPV can be 70–80%

Post treatment
monitoring (test of
cure)

Sensitive for the detection of residual CIN2+
Reduced intensity of follow-up for the majority who test
HPV negative

Low PPV of those who test HR-HPV
positive after treatment (~15–20% at 6
months)

Targets and Types of HR-HPV Test
As described earlier, the bulk of clinically applied HPV tests are molecular and rely on
nucleic acid amplification, often of DNA of the L1, E6, or E7 genes. E6/E7 mRNA tests
also exist, and data suggest these may offer advantages in terms of specificity given that
the expression of oncogenes is targeted, giving an indication of viral activity rather than
simply presence [60, 61]. E6/E7 mRNA is however detected in infections that follow a
benign course so this is not a solution to the specificity issue in itself. While helpful for
natural history studies, serological assays are not used diagnostically as they are too
insensitive given the low levels of antibodies produced as a consequence of natural
infection. In situ hybridization assays are also available – while these can be helpful to
determine localization of infection, they are relatively labor intensive compared to
molecular assays and thus not generally used for high-throughput testing within
screening.

The use of quantification/viral load to inform management is somewhat nebulous,
and validated molecular assays are generally interpreted at the qualitative (i.e.,
presence/absence) level. Normalization of viral load to cellular content provides
technical challenges given the wide range of cell content present in cervical
biospecimens; furthermore, one-off readings of viral load have been shown to have
utility for certain, but not all HR-HPV types. Finally, coinfection with multiple types
where only one type is clinically significant confounds the usefulness of total viral load
measurement. Recent evidence would suggest that while determination of a clinically



relevant viral load threshold may be elusive at a single time point, sequential viral load
measurement and assessment of the longitudinal dynamics therein (through examination
of slope) can be informative – with a type-specific exponential increase indicating a
clonal, potentially “transforming” pattern [62]. However, one of the challenges of this
approach is that clearly more than one reading/sample is required.

Tools and Biomarkers for the Risk Stratification of HR-HPV
Infection
There is a significant appetite for development of an HPV test that can separate benign
from clinically significant infection. This requirement is particularly prescient given the
move to HPV primary screening where the number of HPV screen positives will be at
least double that which would have been detected by cytology. Primary screening
algorithms which start with HPV first behoove additional risk stratification or “triage”
tests to inform route to colposcopy as referral on the back of a single HR-HPV-positive
result would not be justified. Current suggested triage approaches which are evidenced
include cytology and limited genotyping of HPV 16/18 – however, as two thirds of HR-
HPV screen positives will be cytologically negative, the challenge of how to manage
HPV-positive/cytologically negative women remains. While limited genotyping
indicates referral in those who are HPV 16/18 positive and therefore at greatest risk,
those who are HR-HPV positive for one of the 11–12 other types cannot be treated in
the same manner as those who are HR-HPV negative. In addition the limited typing
approach may have diminishing returns in those countries which offer immunization
programs – given that the prevalence of 16/18 infection will decrease. Biomarker-type
strategies that can delineate risks which are agnostic to underlying type are thus of
value. To this end the most evidenced is p16INK4a (p16) – a cyclin-dependent kinase
inhibitor, cell cycling modulator, and surrogate of deregulated E7 protein expression
which has been shown to accumulate in tandem with severity of underlying CIN [63].
p16 can be detected via immunohistochemistry (IHC) in biopsies but also in cytology
preparations either alone or in combination with another marker of cellular proliferation
– Ki67. While a level of human interpretation is still required, the use of adjunctive
staining has been shown to simplify and enhance the interpretation and clinical
performance of cytology, respectively, and has been applied in primary screening and
also low-grade triage contexts.

Detection of methylated sequences has also been shown to have potential as a
biomarker approach. Addition of methyl (CH3) groups via dimethyl transferases to
areas of the genome which are rich in C and G nucleotides is a fundamental process
which influences gene regulation and transcription. Furthermore, abnormal methylation
is a key feature of oncogenesis and can lead to chromosomal instability in addition to
faulty gene regulation and expression. Methylation is also considered a characteristic



host response to “silence” foreign agents including viral nucleic acid. Characteristic
methylation patterns of both the virus (particularly the late regions) and host which have
prognostic capabilities have been described. With respect to the former,
hypermethylation of L1 has been shown to be a surrogate of viral persistence and
oncogenic risk, with the percentage of methylated HPV L1 CG dinucleotides in normal
tissue being around 5–10% compared to 40–80% in cancer. Clinically relevant host
methylation targets (including cellular adhesion molecular 1 (CADM-1)) have included
T-lymphocyte maturation-associated protein (MAL) and erythrocyte membrane protein
band 4.1-like 3 (EPB41L3) [64]. Moreover, the methodology for detecting methylation
is becoming increasingly straightforward given the increasing power, rapidity, and
simplicity of sequencing technologies. Although there is less evidence on the clinical
performance of methylation targets for screening/clinical use compared to p16 and
limited typing, this will undoubtedly accumulate in time.

HPV Testing in Various Biospecimens
One of the advantages of HPV testing is its amenability to diverse biospecimens;
molecular HPV testing has been extensively performed on the residual volume of liquid-
based cervical cytology samples but is also validated on clinician-taken swabs in viral
transport media using devices validated by the manufacturer of the particular assay.
Furthermore, unlike cytology, HPV testing is also amenable to self-taken samples. Much
interest has been devoted to the application of vaginal self-sampling to improve uptake
in screening for those who are “hard to reach” because they cannot attend or do not wish
to attend for traditional screening. However, self-sampling is also being increasingly
seen as a potential alternative option for women beyond the hard-to-reach groups. The
evidence indicates that if a molecular amplification type test is used, the clinical
performance of HPV testing using self-taken samples is similar to that observed in
clinician-taken samples, particularly in terms of sensitivity [65]. The devices and
approaches for self-sampling are manifold and include basic tipped swabs (which are
then packaged dry or in preservation media), retractable sheathed brushes of various
dimensions, miniature douche-type devices, filter-paper mounted on cassette, and
tampons. Urine has also been assessed as a biospecimen for HPV testing, and while the
current evidence suggests it is less optimal compared to a vaginal sample, particularly
if random rather than first void, the development of collection and concentration devices
may improve the performance of this approach [66]. Self-taken samples clearly do not
permit reflex cytology on residual sample, so in algorithms where this is stipulated,
women who test positive would need to have an additional sample taken for cytology.
This said, in scenario of HPV primary screening where the triage approach is not
cytology but another molecular-type assay, this challenge/issue may not be relevant.



HPV Testing in Immunized Populations
Undoubtedly, the prevalence and pattern of HPV infection and associated disease is
already changing as a consequence of prophylactic immunization in those countries
which can afford it. The significantly lower prevalence of disease will make the
remaining fewer cases of significant disease more challenging to detect – particularly
using subjective approaches, such as cytology given the altered signal-to-noise ratio and
reader fatigue [67]. Indeed, a negative impact on the performance of cytology in some
settings has already been observed as a consequence of immunization particularly that
of the positive predictive value of low-grade dyskaryosis for CIN2+. Additionally, the
number of women who need to be referred to colposcopy (as a consequence of
preceding cytological abnormalities) to detect one case of CIN2+ is significantly higher
in immunized compared to unimmunized women [68]. Consequently, how to detect and
manage residual cervical disease optimally in a vaccinated era will be a key challenge
– and the demand for objective approaches calibrated to post immunization disease
levels becomes pressing.

Conclusion A greater understanding on the natural history, epidemiology, life
cycle, and immune response to HPV (as described above) has been gained, in no
small, part by (1) the increasing sophistication of in vitro technologies which have
facilitated analysis of the virus and its interactions and (2) the advent of high-
throughput, reliable molecular assays for the detection of HPV in clinical samples.
We are now increasingly seeing translation of this knowledge in the form of primary
and secondary prevention strategies – namely, prophylactic vaccination and HPV
testing for cervical screening. Global application of these strategies will likely incur
a significant change in the prevalence and pattern of residual infection and associated
disease.
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Abstract
This chapter describes the principles and evaluation of cancer screening programs, the
evolution and history of cytology-based cervical cancer screening programs in the UK,
past and contemporary terminology and algorithms for the management of abnormal
cytology results, and the future application of HPV and other molecular technology in
cervical cancer screening.
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Principles of Screening
The criteria for appraising the validity of a screening program were first described by
Wilson and Jungner for the World Health Organization (WHO) in 1968 and relate to the
disease in question, the test applied, the treatment available, and the cost of intervention
as shown below [1]:

1. The condition being screened for should be an important health problem.  

mailto:john.h.smith@sth.nhs.uk


2. The natural history of the condition should be well understood.  
3. There should be a detectable early stage.  
4. Treatment at an early stage should be of more benefit than at a later stage.  
5. A suitable test should be devised for the early stage.  
6. The test should be acceptable.  
7. Intervals for repeating the test should be determined.  
8. Adequate health service provision should be made for the extra clinical workload

resulting from screening.
 

9. The risks, both physical and psychological, should be less than the benefits.  
10. The costs should be balanced against the benefits.  

Subsequently these criteria were expanded and embellished by the UK National
Screening Committee to encompass not only the validity but also the effectiveness and
appropriateness of any screening program as follows [2]:

The Condition

1. The condition should be an important health problem.  
2. The epidemiology and natural history of the condition, including development from

latent to declared disease, should be adequately understood, and there should be a
detectable risk factor, disease marker, latent period, or early symptomatic stage.

 

3. All the cost-effective primary prevention interventions should have been
implemented as far as practicable.

 

4. If the carriers of a mutation are identified as a result of screening, the natural
history of people with this status should be understood, including the psychological

 



implications.

The Test

1. There should be a simple, safe, precise, and validated screening test.  
2. The distribution of test values in the target population should be known and a

suitable cut-off level defined and agreed.
 

3. The test should be acceptable to the population.  
4. There should be an agreed policy on the further diagnostic investigation of

individuals with a positive test result and on the choices available to those
individuals.

 

5. If the test is for mutations, the criteria used to select the subset of mutations to be
covered by screening, if all possible mutations are not being tested for, should be
clearly set out.

 

The Treatment

1. There should be an effective treatment or intervention for patients identified through
early detection, with evidence of early treatment leading to better outcomes than
late treatment.

 

2. There should be agreed evidence-based policies covering which individuals should
be offered treatment and the appropriate treatment to be offered.

 

3. Clinical management of the condition and patient outcomes should be optimized in
all healthcare providers prior to participation in a screening program.

 

The Screening Program



1. There should be evidence from high-quality randomized controlled trials that the
screening program is effective in reducing mortality or morbidity. Where
screening is aimed solely at providing information to allow the person being
screened to make an “informed choice” (e.g., Down’s syndrome and cystic
fibrosis carrier screening), there must be evidence from high-quality trials that the
test accurately measures risk. The information that is provided about the test and
its outcome must be of value and readily understood by the individual being
screened.

 

2. There should be evidence that the complete screening program (test, diagnostic
procedures, treatment/intervention) is clinically, socially, and ethically acceptable
to health professionals and the public.

 

3. The benefit from the screening program should outweigh the physical and
psychological harm (caused by the test, diagnostic procedures, and treatment).

 

4. The opportunity cost of the screening program (including testing, diagnosis and
treatment, administration, training, and quality assurance) should be economically
balanced in relation to expenditure on medical care as a whole (i.e., value for
money).

 

5. There should be a plan for managing and monitoring the screening program and an
agreed set of quality assurance standards.

 

6. Adequate staffing and facilities for testing, diagnosis, treatment, and program
management should be available prior to the commencement of the screening
program.

 

7. All other options for managing the condition should have been considered (e.g.,
improving treatment and providing other services), to ensure that no more cost-
effective intervention could be introduced or current interventions increased
within the resources available.

 

8. Evidence-based information, explaining the consequences of testing, investigation,
and treatment, should be made available to potential participants to assist them in
making an informed choice.

 



9. Public pressure for widening the eligibility criteria for reducing the screening
interval, and for increasing the sensitivity of the testing process, should be
anticipated. Decisions about these parameters should be scientifically justifiable
to the public.

 

10. If screening is for a mutation, the program should be acceptable to people
identified as carriers and to other family members.

 

11. As described in Chap. 2, the etiology and pathogenesis of cervical neoplasia is
well established and the natural history understood. While cytology-based
screening for cervical precancer meets many of the Wilson and Jungner criteria, it
remains open to the criticism that it has never been subjected to high-quality
randomized clinical trials, in contrast, for example, to breast cancer screening [3,
4].

 

Epidemiology of Cervical Cancer
Globally, cervical cancer remains a major public health problem. Worldwide, cervical
cancer is the fourth most common cancer in women, and the seventh most common
overall, with an estimated 528,000 new cases in 2012. More than 85% of the global
burden occurs in developing countries where it accounts for almost 12% of all female
cancers. High-risk regions, with estimated age-standardized rates over 30 per 100,000,
include Eastern Africa (42.7), Melanesia (33.3), Southern Africa (31.5), and Middle
Africa (30.6) while rates are lowest in Western Europe (7.3), Northern America (6.6),
Australia and New Zealand (5.5), and Western Asia (4.4) reflecting in part the success
of cytology-based population screening programs in the latter. Cervical cancer remains
the most common cancer in women in Eastern and Middle Africa.

There were an estimated 266,000 deaths from cervical cancer worldwide in 2012,
accounting for 7.5% of all female cancer deaths, and 87% of cervical cancer deaths
occur in less developed regions. The average risk of dying from cervical cancer before
age 75 is three times higher in less than in more developed regions. Mortality varies 18-
fold between the different regions of the world, ranging from less than 2 per 100,000 in
Western Asia, Western Europe, and Australia and New Zealand to above 20 per
100,000 in Melanesia (20.6), Middle Africa (22.2), and Eastern Africa (27.6) [5].

Papanicolaou and the Development of Cytology-Based



Population Screening
Donne (1844) and Pouchet (1847) first described the cytology of vaginal secretion in
the mid-nineteenth century but neither description related to the diagnosis of cervical
cancer [6, 7]. In 1869 Dickenson examined discharges from women with cervical
cancer, but failed to find diagnostic cells [8]. It was not until 1871 that Richardson in
the USA recommended cytological examination in cases of suspected cervical
carcinoma and wrote: “In suspected cancer of the womb ... a small portion of the
secretion from the os uteri, or from the ulcerated surface of the growth itself, should
such exist, must therefore be removed by means of a probe or pair of forceps introduced
through a speculum, and on examination with a power of 200 diameters will probably
disclose at least a few cells on each slide, which will indicate with more or less
certainty the character of the morbid formation.” In 1886 Friedlaender also used this
method but warned against diagnosing carcinoma from the cytology alone [6].

Papanicolaou first systematically used the vaginal smear, and ever since the
technique has been associated with his name as the “Pap test” or “Pap smear.” George
N. Papanicolaou qualified in medicine in Athens in 1904 and as a junior postgraduate
specialized in the experimental study of reproduction. In 1913 he emigrated to New
York, where he studied the estrous cycle in animals and the human menstrual cycle by
examination of vaginal smears [9]. During his studies on patients in the Women’s
Hospital, New York, Papanicolaou identified malignant cells in vaginal smears, and in
1928 he gave his first paper on this subject at a conference, entitling it “New cancer
diagnosis” [10].

Simultaneously, and independently, cancer cells were recognized in cervical smears
by the Romanian pathologist Aurel Babes in Bucharest. Babes and Daniel first
presented their new method for the diagnosis of carcinoma of the cervix, using a
platinum loop to transfer material from the affected area to glass slides which were then
air-dried and stained by the Giemsa technique, to the Bucharest Gynaecological Society
in 1927 and the results were published the following year [11–13]. Simultaneously, the
Italian gynecologist Odorico Viana, influenced by Babes, reported on the successful
diagnosis of cervical cancer by the smear technique [14, 15].

Although the lesion we now recognize as cervical intraepithelial neoplasia
(CIN)/squamous intraepithelial lesion (SIL) (see Chap. 6), the precursor of invasive
squamous cell carcinoma of the cervix, had been recognized by the third decade of the
twentieth century, Papanicolaou’s report and the others referred to above received little
attention, and Papanicolaou returned to a study of reproductive endocrinology in the
1930s. In 1939 Joseph Hinsey was appointed to the department of anatomy at Cornell
and encouraged Papanicolaou to return to his work on cancer detection using the vaginal
smear. Hinsey also arranged collaboration with Herbert Traut, a gynecologist trained in
pathology, and Andrew Marchetti, chairman of the department of obstetrics and



gynecology at Cornell, such that every woman admitted to the gynecology service at
Cornell was required to have a vaginal smear, and these samples were made available
for Papanicolaou to examine. In 1940 Papanicolaou obtained funding from the
Commonwealth Fund, which enabled him to develop a new staining technique which
included wet fixation in an ether-alcohol solution [16]. He subsequently demonstrated
that the vaginal smear permitted an earlier diagnosis of cervical cancer and that this was
made possible because vaginal smears had been taken repeatedly. Papanicolaou
described the technique as exfoliative cytology from the Greek ex, away, and Latin
folium, leaf, the analogy of vaginal smears being to that of leaves falling from a tree
[17]. In 1941, Papanicolaou and Traut published their seminal paper entitled “The
diagnostic value of vaginal smears in carcinoma of the uterus,” and this was followed 2
years later by the monograph Diagnosis of Uterine Cancer by the Vaginal Smear,
funded by the Commonwealth Fund and beautifully illustrated with camera lucida
watercolor drawings by Murayama [18]. It should be noted that the Papanicolaou
classification provided a measure of the likelihood of the presence of invasive cervical
cancer, whereas contemporary cervical cytology classifications provides an evaluation
of the likelihood of the presence of preinvasive disease (see below).

These publications altered the opinion of the medical profession, and many
gynecologists became enthusiastic about the possibility of identifying cancer of the
cervix at an early and curable stage. Cervical cancer detection by cytology was strongly
supported by the American Cancer Society and the National Cancer Institute, and
subsequent studies confirmed the value of cytology, to detect not only cancer but also
precancerous changes [18–23]. In 1947 Papanicolaou began offering cytology training
courses at Cornell, the First National Cytology Conference was held in Boston in 1948,
the forerunner of the American Society of Cytopathology was founded in 1951, the first
International Cancer Cytology Congress was held in Chicago in 1956, and the
International Academy of Cytology was founded in 1957. The emergence of a body of
trained exfoliative cytologists made possible the rapid development of population
screening, first by the vaginal smear and soon after by cervical scraping using a wooden
spatula introduced by Ayre [24]. Ruth M. Graham published the first modern
comprehensive cytology text, The Cytologic Diagnosis of Cancer, in 1950 and
Papanicolaou published his Atlas of Exfoliative Cytology in 1954 [25].

By the mid-1950s screening for cervical cancer by exfoliative cytology had been
widely introduced in North America and elsewhere, and the evidence of its benefits in
terms of reduction in mortality progressively accumulated: the reduction in mortality
was clearly directly related to the intensity of screening [26–35].

Cervical Cancer Screening in the UK (1950–1985)
After the Second World War, a small number of British gynecologists and pathologists,



aware of the introduction of exfoliative cytology for cervical cancer screening in North
America, began to explore the possibility of introducing a similar screening program in
the recently established National Health Service. In 1951 an initial discussion was held
by the section of obstetrics and gynecology of the Royal Society of Medicine after
which a number of cytologists went to North America to visit Papanicolaou, Ruth
Graham, Ayre, and others. Following a further conference at the Royal College of
Obstetricians and Gynaecologists in 1955, Sir William Gilliatt and Dame Hilda Lloyd,
both past presidents of the College, established a committee to look into the matter and
further developed links with Papanicolaou and Ruth Graham and also with Professor
Alex Agnew, H. Fidler, and D. A. Boyes in Vancouver.

Prior to the establishment of a comprehensive national population-based cervical
cancer screening program, a number of well-known gynecologists were instrumental in
the establishment of exfoliative cytology of the female genital tract at various centers:
Chassar Moir in Oxford; McLaren in Birmingham; Way in Newcastle; Anderson in
Edinburgh; Nixon at University College Hospital, London; Miss G. Hill at the Royal
Free Hospital, London; McClure Browne at the Hammersmith Hospital; and Sir Dugald
Baird in Aberdeen. In 1960 Sir Dugald Baird initiated the first population screening
program to cover all women at risk of developing cervical cancer in North East
Scotland, and Dr. J. Elizabeth Macgregor was appointed to manage the program and the
laboratory [31, 33–36]. Dr. Erica Wachtel, who worked with Prof. McClure Browne at
the Hammersmith Hospital, practiced exclusively in cytopathology and was the first
practitioner to be appointed professor of cytopathology in the UK [37]. The first NHS
consultant cytopathologist, O. A. N. Husain, was appointed to St. Stephen’s Hospital,
London, in 1961 [38].

Following the reports of J. M. G. Wilson of the DHSS [39, 40], a comprehensive
National Cervical Cytology Screening Service was established in 1967. In 1964, in
preparation for this service, five training schools were set up to teach the skills of
cytodiagnosis – at the Hammersmith and Royal Free Hospitals, London; Birmingham;
Manchester; and Newcastle. A national request/report form (HMR101) was introduced
in 1967, which in modified form persists until today, and in the first year of the service
half a million smear tests were performed. Expansion was rapid and by 1970 nearly 2.5
million tests per year were being recorded, increasing to 3.9 million in 1986. Most of
the increase in the number of smears had been from general practitioners, rising from
27% of all smears in 1973 to 43% in 1980.

Women aged 35–60 years were screened at five yearly intervals with some
opportunistic screening of women in antenatal and sexual health clinics. A manual
record card-based screening registry for England was established at Southport to recall
women for repeat tests.



UK Terminology of Cervical Cytology and Histology
The Papanicolaou classification system for cytological diagnosis introduced in 1954
was intended to apply to all types of cytology specimen to indicate the degree of
certainty that cancer was present or absent: there was no correlation with cytology in
the context of a program intended to identify precancerous lesions [25] (Table 3.1).

Table 3.1 Papanicolaou classification of cytology reports

Class I Negative Absence of atypical or abnormal cells
Class II Negative Atypical cells present but without abnormal features
Class III Suspicious Cells with abnormal features suggestive but not conclusive for malignancy
Class IV Positive Cells and cell clusters fairly conclusive for malignancy
Class V Positive Cells and cell clusters conclusive for malignancy

The entity of carcinoma in situ, the immediate precursor lesion of invasive
squamous cell carcinoma of the cervix, in which the constituent cells morphologically
looked like the cells found in invasive squamous cell carcinoma, had been recognized
from the late nineteenth century [41–44]. However by the early 1950s, surface lesions
of the cervix with abnormal but less marked histological features had been identified,
for which a number of terms were suggested including anaplasia, basal cell hyperplasia,
atypical metaplasia, and atypical hyperplasia. In 1953 Regan proposed the term
dysplasia, from the Greek dys, bad, and plasia, molding, which he divided into three
grades, mild, moderate, and severe. This proposal was endorsed by the First
International Congress of Exfoliative Cytology and the World Health Organization: in
the latter the abnormal cells were described in terms of their histological correlation
[45, 46]. Dysplasia appeared to have a lower risk of progression to cancer than
carcinoma in situ, and consequently, at that time, women found to have carcinoma in situ
were recommended to have a hysterectomy, while those with dysplasia were not
immediately treated [47, 48].

During the establishment of the cervical screening program in the UK, it became
apparent that a variety of terminology was being used to describe the morphological
appearances of neoplastic cells derived from in situ and invasive cervical squamous
lesions. In particular the practice in many laboratories of calling cells thought to be
derived from carcinoma in situ “malignant cells” and using “dyskaryosis” to imply that
nothing more than dysplasia was present began to be questioned in the light of the
conclusive evidence from Richart that dysplasia and carcinoma in situ of the cervix
were a “lesional continuum” [49]. A working party of the British Society for Clinical
Cytology (BSCC) recommended that the terminology in the WHO publication Cytology
of the Female Genital Tract be adopted for normal cellular components of a cervical



smear (e.g., superficial, intermediate, and parabasal squamous cells; endocervical cells;
endometrial cells) and the term “dyskaryosis” adopted for neoplastic squamous and
glandular cells, irrespective of whether the cytologist thought that they were derived
from an in situ or invasive lesion [50] (Table 3.2).

Table 3.2 Definition of dyskaryosis

Disproportionate nuclear enlargement
Irregularity in nuclear form and outline
Hyperchromasia
Multinucleation
Irregular chromatin distribution, which may be stippled, clumped, or stranded with condensation beneath the nuclear
membrane
Abnormalities of the number, size, and form of nucleoli

Eight years later, a second BSCC working party endorsed the recommendation of
dyskaryosis as the preferred terminology and recommended a three-grade system of
mild, moderate, and severe dyskaryosis, based on the nuclear-cytoplasmic area of the
dyskaryotic cells, which correlated with cells from the surface of CIN 1, CIN 2, and
CIN 3, respectively. They also provided guidance on cytological features which were
suggestive of the presence of invasive squamous carcinoma. This recommendation was
universally adopted in the UK cervical cancer screening programs [51] (Table 3.3).

Table 3.3 BSCC terminology in gynecological cytopathology (1986)

Grade Morphological features Histological
correlate

Mild
dyskaryosis

The abnormal nucleus occupies less than half the area of the cell, which has plentiful thin
translucent cytoplasm with angular borders resembling a superficial or intermediate
squamous cell

CIN 1

Moderate
dyskaryosis

The abnormal nucleus occupies one half to two-thirds of the area of the cell. There is more
disproportionate nuclear enlargement than in mild dyskaryosis, and nuclear morphology
tends to be more abnormal than in mild dyskaryosis.
The cytoplasm resembles that of intermediate, parabasal, or superficial cells.

CIN 2

Severe
dyskaryosis

The abnormal nucleus practically fills the cell or at least two-thirds of its area and is
surrounded by a narrow rim of thick dense cytoplasm.
Affected cells may be round, oval, elongate, or polygonal

CIN 3

The 1986 working party also recognized that “There are smears in which the
evidence is such that it is impossible to decide if the cells are the product of
inflammation or if they have neoplastic potential” and suggested that such samples be
described as showing borderline abnormalities. In 1994, a joint working party of the
National Health Service Cervical Screening Programme (NHSCSP), the BSCC, and



Royal College of Pathologists provided guidance on the diagnosis and management of
borderline nuclear changes in squamous and glandular cells and their distinction from
reactive or inflammatory change and neoplastic change [52].

In 2002, conscious of the widespread adoption of the two-tiered Bethesda system
for reporting cervical cytology, originally developed in 1988 and subsequently modified
in 2001, which reflected clinical practice and management in terms of low- and high-
grade abnormality, the BSCC held a conference at which it was agreed that a two-tier
system should also be introduced in the NHSCSP [53–58]. The revised BSCC
terminology for cervical cytology was published in 2008 [59] and implemented in the
NHSCSP in 2013. This terminology aligns closely with the Bethesda system, reflects
contemporary understanding of the biology of human papillomavirus (HPV) infection,
and permits international comparison of data (Table 3.4). The principal change
introduced by this terminology is that while dyskaryosis is retained as the descriptor of
neoplastic cell nuclear morphology, it is graded by evaluation of nuclear: cytoplasmic
diameter rather than area, as previous studies had shown that the former was a more
reliable discriminator of mild from moderate or severe dyskaryosis, i.e. low-grade from
high-grade dyskaryosis, in both conventional and liquid-based cervical cytology
preparations [60].

Table 3.4 BSCC terminology (2008): comparison with other terminologies (from Denton et al. [59])

BSCC 1986
and
NHSCSP

BSCC proposed new
terminology

The Bethesda
system 2001

ECTP terminology AMBS 2004

Negative Negative Negative for
intraepithelial
lesion or
malignancy

Within normal limits Negative

Inadequate Inadequate Unsatisfactory for
evaluation

Unsatisfactory due to Unsatisfactory

Borderline
nuclear
change

Borderline change,
squamous, but not
otherwise specified

Atypical squamous
cells of
undetermined
significance (ASC-
US)

Koilocytes (without changes
suggestive of intraepithelial
neoplasia) Squamous cell
changes (not definitely
neoplastic but merit early
repeat)

Possible low-grade
squamous intraepithelial
lesion

Borderline change, high-
grade dyskaryosis not
excluded

ASC-H (cannot
exclude HSIL)

 Possible high-grade
squamous intraepithelial
lesion

Borderline change in
endocervical cells

Atypical
endocervical,
endometrial, or
glandular (NOS or
specify in
comments)

Atypical glandular cells
(qualify)

Atypical endocervical
cells of undetermined
significance Atypical
glandular cells of
undetermined
significance



Atypical
endocervical or
glandular cells,
favor neoplastic

Mild
dyskaryosis

Low-grade dyskaryosis
(includes all cases of
koilocytosis provided
that no high-grade
dyskaryosis is present)

Low-grade
squamous intra-
epithelial lesion
(LSIL)

Mild dysplasia (CIN1) Low-grade squamous 
intraepithelial lesion

Moderate
dyskaryosis

High-grade dyskaryosis High-grade
squamous intra-
epithelial lesion
(HSIL)

Moderate dysplasia (CIN2) High-grade squamous
intraepithelial lesion

Severe
dyskaryosis

HSIL 1. Severe dysplasia (CIN3)
2. Carcinoma in situ (CIN3)

Severe
dyskaryosis?
invasive

High-grade
dyskaryosis? invasive

Squamous cell
carcinoma

1. Severe dysplasia? invasive
2. Invasive squamous cell
carcinoma

Squamous cell
carcinoma

? Glandular
neoplasia

? Glandular neoplasia,
endocervical, non-
cervical

1. Endocervical
carcinoma in situ
2.
Adenocarcinoma –
endocervical,
endometrial,
extrauterine, not
otherwise
specified

Adenocarcinoma AIS,
endocervical, endometrial,
extrauterine NOS

Endocervical
adenocarcinoma in situ
Adenocarcinoma

BSCC British Society for Clinical Cytology, ECTP European Commission Training
Programme, AMBS Australian Modified Bethesda System

The NHS Cervical Screening Program (1986–2004)
Despite the establishment of the cervical screening program as described above, it was
clear by the mid-1980s that it had had little impact on the incidence or mortality from
cervical cancer. In 1985 a leading article in The Lancet drew attention to this fact and
specifically commented that the most successful cancer screening programs are
organized as public health cancer control programs, specifically directed toward a
reduction of mortality; call the age group at greatest and most immediate risk (30 years
+) based on population registers and keep on trying to call persistent non-attenders;
concentrate first upon women who have never had a smear; and put “someone in
charge” (a manager) of the process who can be held to account [61]. In 1988 health
circular HC (88)1 directed District Health Authorities to give priority to screening for
prevention of cervical cancer and in particular implementation of a call and recall



system from lists of women held on Family Practitioner Committee (primary care)
computers starting not later than 31 March 1988. All women aged 20–64 were to be
invited for screening at least every 5 years (some health authorities elected to invite
women every 3 years) and adequate facilities made available for prompt investigation
treatment and follow-up of women with abnormal smear results [62]. General
practitioners were also offered a financial incentive based on the proportion of their
practice female population eligible for cervical screening that were tested. Initially the
NHS cervical screening program was managed by a multidisciplinary National
Coordinating Network but subsequently a director, Professor Julietta Patnick, and
support staff were appointed in 1994 [63, 64]. Over the succeeding two decades, in
collaboration with the relevant professional bodies, the NHSCSP produced a
comprehensive series of guidance documents related to all aspects of the cervical
cancer screening process from invitation to attend screening to treatment of identified
abnormality. In particular, the first NHSCSP commissioned guidance entitled
Achievable standards, benchmarks for reporting and criteria for evaluation and,
thereby henceforth known as ABC 1, gave guidance on specimen adequacy, management
of smear abnormality, evaluation of the program, internal quality control (IQC), and
external quality assurance (EQA) [65] (Table 3.5). In relation to IQC and EQA, ABC 1
introduced achievable standard ranges for cytology reporting by laboratories and
individuals, and in subsequent years these ranges were amended based on the mandatory
returns (KC61) submitted by laboratories in the preceding year (Table 3.6). In the first
of two subsequent editions of ABC, published in 2000, guidance on reporting of
cervical smears was reinforced and where necessary revised, new performance
indicators were introduced, and pitfalls in cytological diagnosis leading to false-
positive and false-negative results described [66, 67]. In the second subsequent edition
of ABC, published in 2013, adoption of the revised BSCC terminology for cervical
cytology was mandated, management of cytological abnormality updated following the
implementation of HPV triage and test of cure, and performance indicators for
evaluating cervical cytopathology expanded to encompass not only individual and
laboratory cytology performance but also the performance of related colposcopy and
histopathology services [68–70].

Table 3.5 ABC 1: recommendations for management

Management Cytology result
Routine recall Negative
Repeat smear at shorter
interval than
recommended routine
recall

Inadequate sample and the first occurrence of mild dyskaryosis or borderline change
A second repeat sample may be requested for inadequate samples or borderline change,
but after three such smears colposcopy must be recommended. The repeat interval may
vary between 3 and 12 months but is usually 6 months
Annual repeat smears are recommended for 5 years after treatment of CIN 2 and CIN 3
At least two negative smears at least 6 months apart, after mild dyskaryosis, borderline



change or treatment of CIN 1 before a woman returns to routine screening or screening is
ceased at age 65

Referral for
gynecological opinion

Moderate, severe, and ungraded dyskaryosis; invasive squamous and glandular neoplasia
should all be referred on the first occurrence.
Colposcopy should be recommended on the second occurrence of mild dyskaryosis

Herbert et al. [142]

Table 3.6 ABC 1: criteria for evaluating cervical cytology and monitoring the accuracy of screening

Measurement Achievable range
Sensitivity of primary screening with respect to the final report after rapid review of all
negative and inadequate smears

>90% all abnormalities
>95% high-grade
abnormality

Laboratory report profile:
Inadequate
Mild dyskaryosis and borderline change
Moderate and severe dyskaryosis

7.0 ± 2.0%
1.6 ± 0.4%
5.5 ± 1.5%

Positive predictive value (PPV) of moderate or severe dyskaryosis for the histological
diagnosis of CIN 2 or worse

65–85%

Herbert et al. [142]

The success of the reorganized English cervical screening program as NHSCSP was
evidenced by the progressive fall in incidence of cervical cancer in the succeeding two
decades: this has now largely stabilized (Fig. 3.1). The increased incidence around
2009 was the result of the increased uptake of screening due to the widely publicized
diagnosis and death of a television personality [71, 72].



Fig. 3.1 Age-standardized incidence rates of invasive cervical cancer in the UK (1979–2013) (Source: Cancer
Research UK. http://​www.​cancerresearchuk​.​org/​health-professional/​cancer-statistics/​statistics-by-cancer-type/​
cervical-cancer. Accessed August 2016)

NHSCSP 2004 to the Present
Liquid-Based Cytology (LBC)
From the late 1980s, a number of manufacturers began to investigate the potential to
produce monolayer or near-monolayer preparations of cervical cytology samples, with
the intention that this would provide an optimized platform on which to employ
computer-assisted image analysis microscopy. Production of near-monolayer
preparations required samples to be collected in a liquid preservative – hence liquid-
based cytology – and then most of the debris, blood, and exudate removed either by
filtration or density gradient sedimentation, prior to preparation of the monolayer or
near-monolayer sample. By the late 1990s, two systems were widely available:
ThinPrep® (Hologic) and SurePath® (BD Diagnostics). In 2000 an initial evaluation by
the National Institute for Clinical Excellence (NICE) suggested that LBC might be
valuable technology to implement in the NHSCSP [73]. In 2003, following a further
evaluation by NICE and an evaluation study in three English laboratories, the
Department of Health (DoH) announced that LBC was to be used as the primary means
of processing samples in the cervical screening program in England and Wales and full
implementation of the new technology was to be achieved by 2008 [74, 75].
Implementation was conducted by a cascade process of laboratory conversion and
training, and by late 2008 all cervical screening laboratories in England and Wales had

http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/cervical-cancer


converted to LBC. Scotland had already adopted LBC and Northern Ireland followed
some time later [76].

Importantly, at the same time the DoH also announced changes in screening age
range and frequency to be implemented by April 2004: women would in future be
invited for their first screening test at age 25, not age 20, and screened thereafter every
3 years until age 49 and every 5 years from age 50 to 64 [77]. This policy change, based
on an audit of the screening histories of women with invasive cervical cancer [78], was
intended to unify and consolidate considerable variation in practice across England: as
noted above the national recommendation was to screen every 5 years but some districts
had elected to screen every 3 years. While concerns were raised about the effect of not
screening women less than 25 years of age, it has been kept under review through the
national audit of screening histories of women who develop cervical cancer: most
cervical cancers in women under age 30 years are screen detected as superficially
invasive carcinomas (FIGO stage IA) [79–83].

As predicted, progressive implementation of LBC, combined with the change in
screening age range and frequency, resulted in a reduction in the number of inadequate
samples reported and thereby a decrease in the total number of tests examined: over
246,000 fewer tests were reported as inadequate in 2007–2008 compared with 2003–
2004, the last year before LBC implementation. This also occurred against a
background of an increased number of women aged 25–64 being screened, reflecting a
more efficient screening program with fewer unnecessary tests outside the
recommended screening age range [84]. Furthermore, the progressive loss of tests in
women aged less than 25 years reduced the number of abnormal tests reported,
particularly low-grade abnormalities which are most prevalent in this age group: nearly
19,000 fewer tests were reported as low grade and over 4000 as high grade in 2007–
2008 compared with 2003–2004. As a result there was reconfiguration of consultant
programmed activities in some laboratories to ensure maintenance of quality standards
for the minimum number of abnormal tests examined annually.

Therefore, following a change in the screening age range and frequency and full
implementation of LBC, a total of 269,000 fewer cervical cytology samples were
examined in England in 2007–2008 compared with 2003–2004. Implementation of LBC
also resulted in increased laboratory productivity and efficiency, with no adverse effect
on quality. A large laboratory in Manchester reported that nearly 1 min per slide was
saved during primary microscopy, and microscopy by cytopathologists, using LBC
compared with conventional smear preparations. The uninterrupted hourly rate of slide
examination rose from 8.6 slides for conventional smear preparations to 11.7 for LBC
preparations, comparable to the data from the Scottish LBC feasibility study [76, 85]. A
separate study from Scotland reported a 40% reduction in full primary screening time
[86]. In the Sheffield laboratory, individual screener productivity increased by 20% in
the first year following full LBC implementation [87], and productivity increases of up



to 50% coupled with decreased numbers of unsatisfactory samples and an increased
sensitivity for the detection of cytological abnormalities validated by subsequent
histological investigation have been reported [88].

Increased productivity was also reflected in national data showing a progressive
increase in the proportion of laboratories reporting results within 2 weeks of specimen
receipt, an important achievement in view of the Cancer Reform Strategy objective that
all women should receive the results of their test within 2 weeks by 2010 [89, 90].

As a result of LBC implementation, there was a growing mismatch between
workload and capacity in some laboratories. However, a NHSCSP workforce survey
revealed that over one-third of screening staff were over 50 years of age, and LBC
implementation buffered laboratories against this marked demographic change [91]. In
fact, some laboratories found no need to replace primary screening staff on retirement,
resulting in cash-releasing cost savings.

National implementation of LBC not only resulted in improved laboratory efficiency
and productivity but was also the platform for consideration of the implementation of
molecular testing and automation in the NHS cervical screening programs.

HPV Testing
The recognition of the strong causal relationship between persistent infection of the
genital tract with high-risk human papillomavirus (HPV) types and the occurrence of
cervical cancer has resulted in the development of a number of HPV DNA and RNA
detection systems in an attempt to refine existing cytology-based cervical cancer
screening programs [92–95] (see Chap. 2). LBC provides an ideal platform for
application of this and other molecular technologies. Detection of high-risk HPV DNA
is considered to be potentially useful in four clinical applications [96]:

1. As a triage test to select which women who have low-grade cytological
abnormalities in routine screening require immediate referral for colposcopy rather
than cytological surveillance.

 

2. Follow-up of women with abnormal screening results who are negative at
colposcopy and biopsy.

 

3. Follow-up for women treated for high-grade CIN with local ablative or excisional
treatment to more rapidly and accurately identify those who have or have not been
cured.

 

4. As a primary screening test, either alone or in combination with cervical cytology  



to detect cervical cancer precursors.

Triage of Low-Grade Abnormality
A meta-analysis of studies published between 1992 and 2010 comparing HPV testing
with Hybrid Capture 2 (HC2) with repeat cytology in the management of low-grade
cytological abnormality (borderline nuclear change/atypical squamous cells (ASCUS);
mild dyskaryosis/low-grade squamous intraepithelial lesion (LSIL)) showed that HPV
triage with HC2 of women with borderline nuclear change had significantly higher
sensitivity than, and similar specificity to, repeat cytology. In triage of women with mild
dyskaryosis, an HC2 test yielded a significantly higher sensitivity, but a significantly
lower specificity, compared to repeat cytology [97]. A pilot study conducted within the
initial English evaluation of liquid-based cytology demonstrated that, while HPV triage
of low-grade abnormality resulted in a reduction in the rate of repeat smears but an
increase in rates of referral to colposcopy, it was likely to be cost effective [98, 99]. A
further evaluation of HPV triage implementation in six laboratories in the English
cervical screening program (the sentinel site study) demonstrated that triaging women
with low-grade cytological abnormalities by HPV testing would allow approximately a
third of these women to be returned immediately to routine recall, and immediate
referral for colposcopy would avoid the need for repeat cytology in the remainder. The
HPV-positive rates at the six sites ranged from 34.8% to 73.3% for women with
borderline cytology and from 73.4% to 91.6% for women with mild dyskaryosis, and
these differences remained after the rates were standardized for age. Overall the HPV-
positive rate was higher in sites using ThinPrep® than in those using SurePath® LBC
[68.7% and 61.7% respectively (p < 0.001)], and the difference remained after
adjustment for age group and initial cytology result. LBC technology was, however,
confounded by site, and it was therefore not possible to determine whether this
difference was due to variation in the reporting of cytology between sites. In the only
site which used both technologies, there was no significant difference in positive rates
between the two technologies [100]. Based on this data HPV triage of low-grade
cytological abnormality was implemented in the English cervical screening program in
2011 using the algorithm developed for the sentinel site study (Fig. 3.2).



Fig. 3.2 Flow chart: triage and test of cure in the NHSCSP (© Crown Copyright 2016). This information was
originally developed by Public Health England Screening (https://​www.​gov.​uk/​topic/​population-screening-programmes)
and is used under the Open Government Licence v3.0

https://www.gov.uk/topic/population-screening-programmes


Test of Cure
Prior to 2011 NHSCSP guidance was that women treated for low-grade disease (CIN 1)
required follow-up cytology at 6, 12, and 24 months and if all results were negative
could return to routine screening. Women treated for high-grade disease (CIN 2 or 3 or
cervical glandular intraepithelial neoplasia (CGIN)) required 6- and 12-month follow-
up cytology and annual cytology for the subsequent 9 years at least before returning to
screening at the routine interval. It has been estimated that in England every year more
than 300,000 cytology tests were performed annually for follow-up after treatment,
approximately 10% of the annual workload [101]. A number of studies prior to 2007
demonstrated that testing for high-risk HPV infection with Hybrid Capture 2 was more
sensitive, though less specific, than repeat cytology in the detection of residual disease
following excisional treatment of high-grade CIN, and a large prospective study from
the UK showed that a negative result from a high-risk HPV test after treatment was
indicative of very low risk of recurrent disease even in the presence of low-grade
cytological abnormality: women who were cytology and HPV negative at 6 months
could safely be returned to routine three-yearly recall [102, 103]. Evaluation of HPV as
test of cure after treatment of CIN in the sentinel study demonstrated that about 85% of
treated women were HPV negative at 6 months after treatment [100]. HPV test of cure
was implemented with HPV triage of low-grade cytological abnormality in the English
cervical screening program in 2011 (Fig. 3.2).

Automation in Cervical Screening
As noted above, LBC provides the platform for computer-assisted evaluation of
cervical smears and thereby partial automation of the screening process in the
laboratory, a goal which had been sought for over 50 years [104]. Early attempts at
automation of the screening process using conventional cervical smears were hampered
by difficulties in visualization of the cells if they were obscured by blood, inflammatory
cells, or mucus; detection of the boundaries of cells and their nuclei, especially in
overlapping cells or three-dimensional cell groups; a recognition that there were more
similarities than differences between normal and neoplastic cells; and limited
computing capacity which was unable to process the enormous volume of data
generated from a single Papanicolaou smear which might contain up to 300,000 cells.
LBC presents a monolayer or near monolayer of cells with clearly defined boundaries,
largely devoid of obscuring blood, inflammatory cells, or mucus, and this, coupled with
developments in computerized image analysis, has made semi-automated slide-scanning
devices available for clinical use.

Two systems currently dominate the market and have been approved for primary
cervical screening by the US Food and Drug Administration (FDA). Both consist of a
highly automated microscope and an image analyzer that presents a restricted number of



fields of view (FOVs) containing abnormal cells for interpretation by laboratory staff.
The BD FocalPoint™ Slide Profiler uses multiple algorithms to assign a score

(0.0–1.0) to each slide (either conventional or SurePath) based on the probability of
abnormality. Threshold scores are derived by separation of meaningful objects, i.e.
irregular-shaped nuclei, from the background and describing each object with a set of
measurement values. Slides with scores below the primary threshold, typically about
25% of a population of routine cervical screening samples, can be archived with no
need for human microscopic review (no further review – NFR) resulting in a significant
reduction in the workload of laboratory screening staff.

This system has been further developed as the BD FocalPoint™ GS Workstation in
which the automated primary screening system is combined with an automated
microscope which provides the electronic capability of locating diagnostically relevant
locations in the samples above the threshold score. After reading a slide barcode, the
microscope automatically positions the slide at the first relevant location, and a user-
activated footswitch or mouse click moves the microscope to the next position until all
locations are screened for suspicious cells or features.

The ThinPrep™ Imaging System rapidly scans and locates 22 areas of interest,
known as fields of view (FOVs), in batches of ThinPrep® LBC slides and stores the
coordinates which mark the position of the FOVs along with the slide identification
information. Once all of the slides in a batch have been imaged, the slides are taken to a
review microscope where they are reviewed by a cytology screener. The review scope
automatically takes the cytology screener to each FOV in geographic order and, if any
abnormalities are identified in the FOVs, the entire slide is reviewed by the cytology
screener. If no abnormalities are identified in the FOVs, the slide may be signed out as
negative. By directing the cytology screener to the FOVs on a slide, the amount of time
required to screen a slide is dramatically reduced.

Both systems were granted FDA approval on the basis of being able to detect an
equivalent or higher proportion of high-grade cytological abnormalities compared with
manual reading [105, 106]. However an earlier systematic review of the literature
published on the clinical and cost effectiveness of automated and semi-automated
cervical screening devices including AutoPap, a predecessor of the BD FocalPoint™
Slide Profiler, by the New Zealand Health Technology Assessment program reported
that the evidence base was not sufficiently strong for reliable conclusions to be drawn
and recommended further trials with robust reference standards [107]. Similarly a
systematic review by the UK Health Technology Assessment also concluded that
previous studies had not been of sufficiently good quality to allow reliable
recommendations [108].

In England, the MAVARIC trial was therefore designed to achieve a rigorous,
prospective, unbiased comparison of manual and automation-assisted reading which had
been powered to demonstrate non-inferiority in terms of sensitivity to detect CIN 2 or



worse (CIN2+). Other objectives of the study were to compare the specificity of
automation-assisted screening relative to manual, to incorporate both automated
systems, and to evaluate the reliability of NFR in excluding CIN2+.

The principal finding was that automation-assisted reading was 8% less sensitive
than manual reading (relative sensitivity 0.92; 95%CI 0.89–0.95) equivalent to an
absolute reduction in sensitivity of approximately 6.3%, assuming the sensitivity of
manual reading to be 79%. There was an increase of 0.6% in specificity relative to
manual reading (relative specificity 1.006; 95%CI 1.005–1.007).

The inferior sensitivity of automation-assisted reading in the detection of CIN2 or
worse combined with an inconsequential increase in specificity suggested that
automation-assisted reading could not be recommended for primary cervical screening
[109].

Furthermore, a large randomized trial in Finland comparing automation-assisted
screening with conventional cytological screening reported no difference in the risk of
cervical cancer between the automation-assisted and conventional screening methods
[110].

However, in the MAVARIC study, the No Further Review facility on the BD
FocalPoint™ Slide Profiler system proved to be reliable in terms of negative predictive
value, missing only 1% of CIN2+ lesions associated with routine screening samples. It
was considered that it could be a valuable adjunct in primary screening as this module
does not require the expensive workstations required for reading the Fields of View and
could reduce by up to 25% the number of slides requiring human reading; it has been
subsequently utilized in this mode in a few English laboratories [111].

NHSCSP Beyond 2016: Cervical Screening in the Era of HPV
Vaccination
HPV Vaccination
HPV vaccination using the bivalent vaccine (Cervarix®) against the two commonest
types of HPV implicated in cervical carcinogenesis (HPV types 16 and 18) was
introduced into the UK in September 2008 for girls aged 12–13 years, followed in
autumn 2009 by a 2-year “catch-up” campaign to vaccinate all girls up to 18 years of
age. The vaccine was originally administered as a three-dose schedule over 6 months.
In 2012 Cervarix® was replaced by Gardasil®, a quadrivalent vaccine that also protects
against HPV types 6 and 11, which cause about 90% of genital warts, and in September
2014 the three-dose schedule was replaced by a two-dose schedule with the doses 1
year apart.

Uptake of this school-based HPV vaccination program has been very good with
more than 80% of 12–13-year-olds consistently receiving at least two of the three



scheduled vaccinations, and in the last year for which data is currently available, 2014–
2015, the national coverage for the completed priming (first) dose was 89.4% [112]. As
a result there will be a progressive increase in the proportion of women in the screening
program who have been vaccinated, with an expected decrease in prevalence of
cervical neoplasia, but these women will need to continue to participate in screening
since the vaccine only offers protection against about 70% of cervical cancer. A
nonovalent vaccine, Gardasil 9®, which offers protection against 90% of cervical
cancer, has recently been licensed for use in Europe but not yet implemented in the UK
[113, 114].

A modeling study from the UK predicted that HPV 16/18 vaccination of a cohort of
12-year-old girls would result over the lifetime of each cohort in a 23% reduction in the
number of abnormal cytology tests, a 32% reduction in biopsies, and a 42% reduction in
CIN treatments, assuming 100% vaccine coverage. Interestingly these estimates
assumed that introduction of vaccination did not also allow a reduction in screening
frequency [115]. Studies from Australia and Scotland, where HPV vaccination was
introduced before England and Wales, have reported a reduction in prevalence of
cytological abnormality [116, 117].

Primary HPV Testing
A progressive reduction in prevalence of cytological abnormality will result in a
decrease in positive predictive value (PPV) and an increase in negative predictive
value (NPV) of cytology-based programs and is the driver for adoption of high-risk
HPV testing as the primary screening test with secondary triage to cytology: HPV testing
is a highly standardized assay that maintains its performance characteristics under low
prevalence conditions [118]. While there is good evidence that primary screening with
HPV is more sensitive for detection of high-grade CIN and cancer, it is less specific,
particularly in women less than 30 years of age [119, 120]. Several approaches are
under evaluation to deal with the lower specificity of HPV DNA testing as associated
with transient infection including HPV typing for HPV-16 and HPV-18/45; surrogate
markers of viral integration such as p16; dual staining of cytology preparations with p16
and Ki67, a proliferation marker; mRNA coding for the viral E6 and/or E7 proteins; and
DNA methylation with a potential clinical use recommending more aggressive
management in those who are positive [121–133]. In countries such as the UK where
cytology is of good quality, the most attractive option is to use HPV DNA testing as the
sole primary screening modality with cytology triage of HPV-positive women [96].
However, HPV genotyping assays, particularly for HPV 16 and 18, would also permit
post-vaccination surveillance to determine overall vaccine effectiveness and
prevalence of non-vaccine HPV types in the vaccinated population [95]. Primary HPV
screening, possibly combined with secondary molecular marker analysis, might also be



a platform for self-sampling as a means of addressing the falling coverage in young
women in the UK and elsewhere [128, 132–137].

Four European randomized trials comparing cytology combined with HPV testing
with cytology alone over extended follow-up demonstrated a significant reduction in the
incidence of cervical cancer among women screened with HPV, compared with
cytology [138]. While the rates were similar until 2.5 years of follow-up, thereafter
HPV-based screening provided 60–70% greater protection against cervical cancer
compared with cytology alone. In addition, the ARTISTIC trial has provided additional
information:

Cytology and HPV combined would not add significantly to HPV as a stand-alone
screen with cytology triage for HPV positives.
A negative HPV test provides a similar degree of protection against subsequent
CIN 2 or worse over the next 6 years as does liquid-based cytology over 3 years,
indicating that screening intervals could be extended [139, 140].

A recent analysis of the ARTISTIC study and other UK data showed that HPV
primary screening and LBC triage would be cost effective compared with LBC
provided there was adherence to the follow-up of HPV-positive cytology-negative
women [141].

A pilot study to determine the feasibility of HPV primary screening was established
in the sentinel site study laboratories in 2013. In late 2015, having evaluated the
available data, the UK National Screening Committee recommended that HPV primary
screening should be adopted in the UK cervical screening programs. This
recommendation was accepted by health ministers, and in July 2016 a public
announcement was made that the UK would adopt primary HPV screening, with full
implementation planned to be completed by 2019. The proposed algorithm is shown in
Fig. 3.3.



Fig. 3.3 Algorithm for HPV primary screening in the NHSCSP (© Crown Copyright 2016). This information was
originally developed by Public Health England Screening (https://​www.​gov.​uk/​topic/​population-screening-programmes)
and is used under the Open Government Licence v3.0. Notes: (1) Applies to all women in the cervical screening
program aged 25–64 years on routine call/recall and early recall. (2) Inadequate tests at any screening episode in the
pathway will be repeated in 3 months. Three inadequate tests in a row will lead to a colposcopy referral. (3) Women in
follow-up for cervical cancer (who still have a cervix) and CGIN/SMILE (without complete excision margins) will be
screened annually with HPV testing for 10 years. * HPV16/HPV18 testing not required but may be provided
automatically by the HPV test platform
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Abstract
Cervical cancer is the second most common female cancer worldwide causing
approximately 250,000 deaths each year. The standard of care for early-stage disease
(FIGO IA and IB1) remains surgery. For more advanced disease, chemoradiotherapy is
the treatment of choice. The challenges in treating cervical cancer are centered on
improving survival and local control and minimizing treatment-related toxicity. This
chapter discusses, stage by stage, the surgical and nonsurgical management of cervical
cancer.

Keywords Radical hysterectomy – Trachelectomy – Chemoradiotherapy –
Brachytherapy

Introduction
The principles of treating cervical cancer are to eliminate the primary tumor, assess for
spread of the cancer, and treat appropriately. In the earliest stages of the disease,
surgery alone suffices. Where there is spread to regional pelvic or para-aortic lymph
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nodes, irradiation with concurrent chemotherapy is required. The presence of distant
metastases requires a palliative approach and may include both radiation and
chemotherapy depending on symptoms. This chapter will order the treatment in terms of
stage using the internationally recognized FIGO system. Chapter 7 explains further the
method of staging in early cervical carcinomas using measurements of the invasive
lesion. This chapter will describe treatment of the standard cervical neoplasms of
squamous cell carcinoma and adenocarcinoma, the pathology of which is described in
Chaps. 7 and 8 respectively.

Stage IA Carcinoma of the Cervix
Stage IA1: Invasive Lesion ≤7 mm Wide and ≤3 mm Deep
Treatment of stage IA1 carcinoma of the cervix is local excision. The reasoning behind
this is that the volume of tumor is sufficiently small that the risk of spread to the
parametrial or cervical lymph nodes is less than 1% and thus no assessment for spread
is required [1].

If the lesion has been diagnosed on a loop diathermy excision, the assessment of the
tumor in a multidisciplinary meeting along with the pathologist is used to check that the
margins are clear. If this is the case, no further treatment is required as the risk of
residual disease is approximately 3% [2]. The small number of women with residual
disease should be detected with follow-up. Follow-up is in the form of colposcopic
examination and cervical smear tests. This would initially be on a three monthly basis.
The length of follow-up can be as short as 3 years as the risk of recurrence is extremely
low. If the margins of the excision are close or positive, then repeat excision is required
[2].

If the patient has completed her family and no longer requires her fertility, a
hysterectomy should be discussed, particularly if follow-up is difficult due to cervical
stenosis. If the cervical canal is accessible, consideration is required of the risks of
hysterectomy versus the extremely small risks of any recurrent disease.

Stage IA1 Plus Lymphovascular Space Invasion
The incidence of lymphovascular space invasion in very early cervical cancer may be
as high as 15% [1]. Its significance is difficult to judge. The correlation between
patients having metastatic disease in the lymph nodes and those having lymphovascular
space invasion has been noted for many years [3]. However the positive predictive
power of lymphovascular space invasion to detect which patients have lymph node
metastasis is limited. Thus, a common practice is to assess the extent of lymphovascular
space invasion in the specimen. If MDT evaluation confirms that more than two foci are
present, then removal of the pelvic lymph nodes is required. This is typically in the form



of a laparoscopic pelvic lymph node dissection which would be added to the loop/cone
biopsy, trachelectomy, or simple hysterectomy.

Stage IA2: Width ≤ 7 mm and Depth > 3 mm But ≤5 mm
The treatment of the central lesion is the same as for stage IA1. A cone biopsy or simple
hysterectomy is acceptable. However, the risk of lymph node metastasis increases from
less than 1% for stage IA1 to 3–6% for stage IA2 disease [4]. Thus, the pelvic lymph
nodes should be removed by laparoscopic pelvic lymph node dissection.

The parametrium does not require assessment as the risk of parametrial involvement
in a tumor of less than 1 cm diameter is 0.6% [5].

As for stage IA1, if fertility is not required, then a simple hysterectomy would be
advised as the treatment.

Adenocarcinoma Versus Squamous Cell Carcinoma in Early
Cervical Cancer
In the past it has been felt that adenocarcinoma should be treated differently from
squamous cell carcinoma. The reasons for this were as follows: (i) the depth of the
lesion is difficult to determine microscopically; (ii) skip lesions may be present; (iii)
there was a lack of data for adenocarcinoma in comparison to squamous cell carcinoma;
and (iv) follow-up was difficult for adenocarcinoma as colposcopy and cervical smears
are unreliable.

More recent data have shown that these concerns are not enough to change
management compared to squamous lesions. The rate of nodal metastasis and
parametrial invasion for small lesions has been shown to be the same for
adenocarcinoma and squamous cell carcinoma. A meta-analysis by Smith in 2002
showed high survival rate, low nodal metastatic rate, low recurrence rate, and low
death rate in early adenocarcinoma [6].

In conclusion, cervical adenocarcinoma is treated as squamous cell carcinoma as
there is no increased risk of lymph node metastasis and no increased risk of vault
recurrence. Loop/cone biopsy is acceptable in women requiring fertility. However,
follow-up is more difficult as the endocervix is not accessible, and smears do not detect
glandular abnormalities effectively. In view of this, a hysterectomy is advised for
women who no longer require their fertility.

Stage IB1 Carcinoma of the Cervix
Stage IB1: Depth >5 mm, Or Width >7 mm, But Tumour Less



Than 4 cm Diameter; or a Clinically Visible Lesion Confined
to the Cervix
The measurements for stage IB1 carcinoma of the cervix describe a wide range of
tumors from microscopic lesions to a macroscopic tumor 4 cm in diameter. Thus, the
treatment is not uniform across this stage. This chapter divides the tumors into those
with a diameter less than 1 cm, those with diameter 1–2 cm, tumors over 2 cm with low
risk of metastatic disease, and finally tumors with a high risk of nodal metastatic
disease.

The dimensions of the tumor are measured by magnetic resonance imaging (MRI).
The use of examination under anesthetic with sigmoidoscopy and cystoscopy is still
common, but MRI is more sensitive for assessing parametrial spread and more accurate
for measuring the size of the tumor [7].

Stage IB1: Diameter Less Than 1 cm
These tumors are small with limited risk of spread. The risk of parametrial involvement
in a tumor less than 1 cm is 0.6% [5]. The risk of spread to the pelvic lymph nodes is in
the order of 15–20% for the whole stage IB1 [8]. For this low-risk group, it is likely to
be in the range of 5–10%. Thus treatment for a woman requiring fertility can be
resection of the central tumor with a loop/cone biopsy or simple trachelectomy plus
laparoscopic lymph node dissection. A series of studies in this category show low
recurrence rates and high fertility rates [9].

For women not requiring fertility, a type A radical hysterectomy (extrafascial
hysterectomy) plus laparoscopic lymph node dissection is advised.

Stage IB1: 1–2 cm Diameter Tumor
Surgical treatment is advised for this tumor stage as the risk of metastatic disease to the
lymph nodes is still low. If there is no metastatic disease, patients can be successfully
treated with surgery as a single treatment modality limiting the extent of side effects of
the treatment. The extent of the parametrial resection is being questioned. Traditionally,
this size of tumor would have warranted at least some parametrial resection. More
recently, it has been shown that tumors with no lymphovascular space invasion and a
negative sentinel node have a very low parametrial involvement rate. In view of these
factors, it has been proposed that parametrial resection is no longer required in tumors
less than 2 cm. The SHAPE trial has been started in order to prospectively assess this
issue in a randomized trial.

Until the results of SHAPE are known, the standard recommendation for treatment of
a stage IB1 carcinoma with diameter 1–2 cm is surgical resection, including the
parametrium, plus dissection of the pelvic lymph nodes. For women requiring fertility,



this can be in the form of a radical trachelectomy plus laparoscopic pelvic lymph node
dissection. For women not requiring fertility, a type B radical hysterectomy plus
laparoscopic pelvic lymph node dissection is recommended [10, 11]. The hysterectomy
can be performed laparoscopically, with robotic assistance, vaginally or at open
surgery.

Trachelectomy
The modern-day trachelectomy procedure was proposed by Daniel Dargent in 1992. It
was originally proposed as a vaginal procedure, but the popularity of the
abdominal/laparoscopic approach has increased. It is felt that the abdominal approach
can provide a larger resection of the parametrium and thus potentially treat bigger
tumors. However, there are fewer data on fertility from the abdominal approach. Case
control studies show a similar oncological outcome to radical hysterectomy with
recurrence rates of approximately 1–5% at 4 years [12].

875 vaginal procedures have been recorded with a total number of pregnancies of
382, 15% severe prematurity rate, 220 live births, recurrence rate 4%, and death rate
2%. Transabdominal procedures number 207 with 35 total pregnancies, 33% severe
prematurity rate, 21 live births, 4% recurrence rate, and 2% death rate [13].

Other nonstandard uses of trachelectomy have been described in case reports.
Trachelectomy in pregnancy has been reported and trachelectomy following neoadjuvant
chemotherapy in patients with large higher-risk tumors [14, 15]. It should be noted that
previous studies have shown that case selection is vital in the use of trachelectomy. The
selection criteria have been for tumors with no lymphovascular space invasion, not
grade 3 and not greater than 2 cm. In tumors less than 2 cm, the recurrence rate is
reported at 1.2%. In tumors greater than 2 cm, the recurrence rate is 21% [16].

Stage IB1: 2–4 cm in Diameter
Surgical treatment is advised for this category of tumor, but consideration must be taken
of the risk of postoperative adjuvant treatment being required. The aim of the
pretreatment assessment is to ensure a single modality of treatment is used in order to
minimize the posttreatment side effects.

Stage IB2 - IV Carcinoma of the Cervix
Non-surgical treatment is advised for larger (>4cm) tumors confined to the cervix, and
for tumors that have spread beyond the cervix. This is discussed later in the chapter.

Reducing the Risks of Treatment



The risks of surgical treatment are lymphedema, reduced bladder emptying, vaginal
shortening, altered bowel function, and early surgical complications such as
hemorrhage, fistulae, or death. The risks from radiation are premature menopause with
loss of fertility, increase in bowel frequency, altered bladder function, vaginal stenosis,
lymphedema, and a small long-term risk of fistulae. Complications of either surgery or
radiation alone can be minimized by meticulous technique, but some effects are
significantly more severe and very difficult to avoid when both surgery and radiation
are used. Vaginal stenosis and lymphedema are extremely common after combination
treatments. These complications may be particularly debilitating in younger women.

Strategies can be used to reduce the risk of combination treatments and are listed
below:

Strategy 1: Assess the Risk of Recurrence Prior to
Undertaking Surgical Treatment
Delgado (1990) described a classification of tumors that estimated the risk of
recurrence and thus the need for adjuvant radiation [17]. The paper describes surgical
treatment for tumors where the operation has achieved clear margins and the lymph
nodes showed no metastatic disease. As the tumor increases in risk, the chance of
recurrence is increased, and thus the rationale for adjuvant radiation increases. The
paper indicates that a tumor that is 4 cm in width, invades more than half the depth of the
cervix and has lymphovascular space invasion requires adjuvant radiation despite a
good surgical result due to a 30% risk of recurrence with surgery alone. This
assessment can be performed prior to surgery to estimate the likely need for adjuvant
treatment. In summary, surgery would be advised for tumors that are less than 4 cm in
width, involve less than half the depth of the cervix, and do not have lymphovascular
space invasion.

The survival for surgery versus radiation is similar [18] and discussed in more
detail below. Since chemoradiation provides effective treatment for the central tumor as
well as treating the surrounding lymph node regions, the rationale for its use in higher-
risk tumors as primary treatment to avoid surgery is strong. Careful attention to
radiological, clinical, and pathological findings enables the selection of such high-risk
cases to be treated with chemoradiation.

Strategy 2: Lymph Node Assessment
The lymph nodes can be assessed surgically as the initial step in the treatment. If the
lymph nodes are clear, then only 2% of patients will have parametrial metastatic
disease [19]. Clear pelvic lymph nodes mean that chemoradiation should not be
required as adjuvant treatment post-surgery.



Initial assessment of the pelvic lymph nodes can be in the form of a sentinel node
procedure as opposed to a full pelvic lymph node dissection—see below.

Strategy 3: Radical Surgical Techniques
Centers that have moved further toward surgical treatments have advocated radical
surgical resections using the embryonal compartments of the pelvis as a guide to the
surgical procedure. Proponents of these radical surgical techniques stipulate that large
tumors can be treated with surgery alone and do not require adjuvant radiation [20].

Future Directions in Surgical Treatments
Sentinel Node Surgery
Sentinel node surgery is an established technique in the treatment of breast cancer and is
widely practiced in vulval cancer. Its use in cervical and endometrial cancer is less
established, but there are numerous publications on the procedure. It would be fair to
say that at present it is not accepted as standard practice, but as the number of
publications showing the effectiveness increases, it is being adopted more widely in
cervical cancer surgery.

Studies have shown that sentinel node technique is more sensitive in detecting
metastatic disease to the pelvis than a standard pelvic lymph node dissection [21]. This
may be because the pathologist’s attention is guided toward the most relevant lymph
nodes and an increased detection rate may be due to ultra-sectioning of a sentinel lymph
node.

Algorithms, including sentinel node procedures, have been shown to be effective in
case series, and the adoption of this technique is likely to increase with time [22, 23] .

Neoadjuvant Chemotherapy
The role of neoadjuvant chemotherapy before surgery has and continues to be much
discussed. The use of neoadjuvant chemotherapy prior to radical trachelectomy in
women requiring preservation of fertility has already been mentioned [14]. Six
randomized controlled studies including 1078 women were evaluated as part of a
Cochrane review of chemotherapy before hysterectomy [24]. In all of these studies,
patients were allocated to receive a cisplatin-based chemotherapy regimen prior to
surgery. There was a benefit for both progression-free and overall survival. However,
three of the six studies were stopped early: one because the overall survival in the
neoadjuvant chemotherapy arm was inferior to the surgical arm, one because there was
a statistically significant benefit to the chemotherapy arm, and one because of the
widespread use of additional radiotherapy. Additionally, although the use of



radiotherapy was balanced between the treatment groups, there was considerable
variation between trials which may partly explain the differing results between the
studies. For example, in one study, every patient received radiotherapy, while in the
others, the proportion varied between 36% and 61%.

Overall, based on the available data, it appears that there may be a benefit for
preoperative chemotherapy, but given the small number of studies and variation in the
use of radiotherapy, further randomized controlled trials are needed before it should be
routinely used.

Surgical Treatment of Locally Advanced and Recurrent
Cervical Cancer
Central pelvic recurrent disease following chemoradiation has been treated surgically
by exenteration for many years. This radical surgery can achieve cure in up to 60% of
patients who have the optimal indications such as longer disease-free interval and
smaller tumors [25, 26]. More recently, surgery has also been advocated for pelvic side
wall recurrence. This is advocated for patients with or without prior radiation
treatment. Encouraging survival statistics again up to 60% have been described [27].

Nonsurgical Management
Chemoradiotherapy
The simplicity of a single procedure with the advantage of preservation of ovarian
function in younger women means that surgery remains the gold standard treatment for
early disease. The most widely quoted data to support this come from a paper published
in 1997 [18]. This randomly assigned 327 patients with stage IB or IIA disease to either
radical hysterectomy or radical radiotherapy. Concomitant chemotherapy was not given
as this study predates the National Cancer Institute (NCI) alert of 1999 recommending
concurrent cisplatin chemoradiation. Overall survival and disease-free survival were
equivalent, but it is noteworthy that two thirds of women in the surgical arm also
received radiotherapy for what were considered to be adverse pathological features.
Toxicity in the surgical group at 28% was more than double that seen in the radiotherapy
arm, affirming that the combination of surgery and radiotherapy is more morbid than
either alone and should be avoided.

For stage IB2 tumors, the incidence of microscopic lymph node metastasis is about
30%. If a surgical approach is chosen, there is a high probability of requiring additional
pelvic chemoradiotherapy, and, with the increased morbidity of combined treatment,
surgery is not recommended for tumors of stage IB2 [28]. Because of this, for women
with FIGO IB2 disease and higher, chemoradiotherapy is the treatment of choice. The



addition of chemotherapy followed an unprecedented alert issued by the National
Cancer Institute after the simultaneous publication of five studies recommending that
cervical cancer be treated with concomitant chemoradiotherapy rather than radiotherapy
alone.

Two subsequent meta-analyses of randomized trials confirmed improved overall
survival and local control rates when concurrent cisplatin-containing chemotherapy is
added to radiotherapy in the treatment of cervical cancer. The Cochrane Collaboration
meta-analysis [29] included data from 19 trials, comprising 4580 patients, 12 of which
used platinum-based chemotherapy. This showed a highly significant survival benefit
with concomitant chemoradiation (hazard ratio = 0.71, P < 0.00001), which represented
a 12% absolute benefit in survival. The addition of chemotherapy was shown, however,
to increase acute hematological and gastrointestinal toxicity.

The second Canadian meta-analysis [30], based on eight randomized trials,
exclusively examined platinum-based chemoradiation and estimated the survival benefit
as 11%. Important issues were highlighted by these reviews that could have led to an
overestimate of the benefit. For instance, many studies used different radiotherapy
treatments in their standard arm, and many trials had a different definition of outcome. In
order to overcome these issues, an updated analysis using individual patient data was
carried out and published in 2010 [31].

This latest meta-analysis of 13 studies with 3128 women confirms the benefit of
additional chemotherapy with an absolute benefit in survival of 6% and disease-free
survival of 8%. It is interesting that the advantage of chemotherapy is not as great as had
initially been thought and, of note, non-platinum-containing regimens, in particular those
containing 5-fluorouracil (5FU) and/or mitomycin, showed similar benefit. This
suggests that, for those patients, for example, with renal impairment, who are unable to
receive platinum, alternative effective drugs could be considered.

Radiation
Radiotherapy has been an essential weapon in the armory of curative treatment for
cervical cancer for over a century, and the combination of external beam together with
intracavitary brachytherapy was, as early as the 1940s, showing 5-year survival figures
of almost 50% [32] (Fig. 4.1).



Fig. 4.1 MRI of pelvis showing a stage IIB cervical cancer (a) before and (b) 3 months after completion of
radiotherapy

External beam radiotherapy routinely involves treating the primary tumor, sites of
both actual and potential local spread to include the uterus and parametria, and pelvic
lymph nodes. Extending radiation fields to encompass the para-aortic nodes is only
considered where there is already pathological or radiological evidence of spread to
that region or the common iliac chain.

The integration of CT imaging into the radiotherapy planning process has allowed
the dose of radiation to match or conform to the outline of the target. This shaping of the
radiation fields is known as conformal radiotherapy and would now be considered best
practice when treating the pelvis. Intensity-modulated radiotherapy (IMRT) and
volumetric arc therapy (VMAT) are extensions of this principle. By varying the intensity
of the radiation beam, more accurate shaping, even around concavities, is possible. This
means the high-dose area fits more precisely to the target volume, producing a concave
shape both at the posterior aspect of the planning target volume, reducing dose to the
rectum, and also anteriorly, curving around the lateral lymph node target volume while
sparing more of the central bladder and bowel (Fig. 4.2).



Fig. 4.2 Comparison of the distribution of radiation dose with conformal radiotherapy (a) versus intensity-modulated
radiotherapy (b). The white line denotes the lymph node target. Red denotes maximal radiation dose. Color change
from yellow to green to blue indicates decreasing dose. In Image b the high-dose region closely follows the target
(white outline) sparing the centrally placed bladder from the higher dose

Radiotherapy planning studies have shown that radiation dose to sensitive structures
such as the bladder and rectum, which lie in close proximity to the cervix, can be
reduced with these techniques. This translates to a reduction in clinically significant
acute and late toxicity by between 30% and 50% [33]. After further follow-up, late
toxicity was reduced from 50% to 11% [34].

IMRT also allows allocation of different dose targets to discrete areas within the
target volume, as well as enabling delivery of a boost to all sites of bulk disease. This
may improve the therapeutic ratio by delivering a higher total dose to all of the
macroscopic disease while maintaining standard doses to the areas of potential
microscopic spread.

Neoadjuvant Chemotherapy and Radiotherapy
The issue of neoadjuvant chemotherapy prior to radiotherapy for cervical cancer
remains unproven. Theoretical benefits of neoadjuvant chemotherapy include the
eradication of micrometastases and reduction in tumor size prior to definitive treatment.
A Cochrane meta-analysis published in 2004 by Tierney evaluated 2074 patients from
18 studies that compared neoadjuvant chemotherapy before radiotherapy with
radiotherapy alone [35]. Combining all of the trials together showed no evidence of
benefit for neoadjuvant chemotherapy, but there was a high level of statistical
heterogeneity. Results were then reanalyzed according to how chemotherapy was
delivered, and this showed a trend toward a survival advantage for more intense
chemotherapy given either in cycles of less than 14 days or using cisplatin doses of
greater than 25 mg/m2. Giving cisplatin at lower doses or over longer intervals



appeared to be detrimental to outcome.
Interest in neoadjuvant chemotherapy prior to chemoradiotherapy has now been

rekindled using dose-dense regimens. One such is the combination of carboplatin and
paclitaxel given weekly for 6 weeks prior to standard cisplatin chemoradiotherapy
which has shown a high response rate and good tolerability [36]. A phase 3 randomized
controlled trial “INTERLACE” is currently underway to evaluate this approach.

Adjuvant Chemotherapy and Radiotherapy
An alternative, widely used approach in other tumor sites is to consider additional
chemotherapy following definitive treatment with the aim of improving survival. This
has so far been less successful in cervical cancer. There were encouraging results from
a study of 515 patients randomized either to concurrent gemcitabine plus cisplatin and
radiation followed by adjuvant gemcitabine and cisplatin or standard concurrent
cisplatin chemoradiotherapy in patients with stage IIB to IVA carcinoma of the cervix
[36]. Progression-free survival at 3 years was 74% in the experimental arm compared
to 65% in the control group (P = 0.029). Overall survival and time to progressive
disease were also significantly improved. But with grade 3/4 toxicity in the
experimental group almost double that seen in the control group (87% versus 46%), and
two treatment-related deaths, this novel regimen is unlikely to be widely used without
modification and further evaluation.

The outback trial is an international randomized phase 3 trial of adjuvant
carboplatin and paclitaxel following standard primary radical chemoradiotherapy
underway. With an estimated 800 patients to be entered, it should help define the role of
additional chemotherapy (https://​clinicaltrials.​gov/​ct2/​show/​NCT01414608).

After surgery for early cervical cancer, certain histopathological features increase
the risk of recurrence and reduce progression-free survival. These include positive
pelvic lymph nodes, lymphovascular space invasion, parametrial involvement, positive
margins, and tumor size of greater than 4 cm. With one or more of these features, the 5-
year survival drops to between 50% and 70% [37]. It is well recognized that combining
surgery and radiotherapy increases the acute and late morbidities associated with both
modalities. A 2009 Cochrane review considered the role of adjuvant radiotherapy
following surgery in early cervical cancer [38]. Only two trials (397 women) fulfilled
the criteria for evaluation. They showed that while adjuvant radiotherapy reduced the
risk of local recurrence by between 40% and 90%, it did not confer a statistically
significant survival benefit. This highlights the importance of carefully selecting the
initial primary treatment for an individual patient and of assessing the risks and benefits
for each patient before considering the role of adjuvant radiotherapy.

Management of Recurrence and Metastatic Disease

https://clinicaltrials.gov/ct2/show/NCT01414608


For women with relapse after radiation, provided relapsed disease is confined to the
central pelvis, the only potentially curative option is pelvic exenteration. However, this
procedure carries with it a high morbidity and mortality, with less than 50% of patients
surviving 5 years [39].

The prognosis for patients who develop recurrent disease and cannot be offered
radical treatment of either salvage surgery or chemoradiotherapy remains poor, in the
order of 6 months to 2 years. The only options are palliative chemotherapy or best
supportive care.

There have been no randomized trials comparing chemotherapy to best supportive
care in advanced cervical carcinoma. Cisplatin has been used for nearly three decades
to treat recurrent and metastatic cancer and remains the mainstay of treatment. However,
the short survival and low response rates to available treatments warrant innovative
approaches.

Long et al. in GOG-0179, a randomized phase 3 trial, demonstrated for the first time
a statistically significant survival advantage for combination chemotherapy over single-
agent cisplatin in advanced cervical cancer [40]. Cisplatin was compared to cisplatin +
topotecan and a methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC) arm. The
MVAC arm was closed due to four treatment-related deaths among 63 patients and was
not included in the final analysis. Of the remaining patients, 146 received cisplatin and
147 cisplatin and topotecan. This trial demonstrated improved progression-free
survival (PFS) and overall survival (OS) when compared with single-agent therapy,
with median OS of 9.4 and 6.5 months (P = 0.017) and PFS of 4.6 and 2.9 months (P =
0.014).

The GOG then instituted a multi-arm trial in 2003 with four different platinum-based
intravenous doublets containing topotecan, paclitaxel, vinorelbine, or gemcitabine.
None of the experimental regimens, however, were found to be superior to the control
arm of cisplatin plus paclitaxel [41].

The disappointing results with conventional chemotherapy agents have led to the
incorporation of targeted agents with standard chemotherapy regimens. The American
study GOG 240 compared the overall survival of 450 patients with stage IVB, recurrent,
or persistent carcinoma of the cervix treated with paclitaxel in combination with
cisplatin or topotecan with or without the vascular endothelial growth factor inhibitor
bevacizumab. This has shown a statistically significant overall survival benefit with the
addition of bevacizumab of 3.7 months (13.3 versus 17 months) [42].

Other agents have been looked at in phase 2 trials and show promise. For example,
cediranib is an inhibitor of all three vascular endothelial growth factor receptor
(VEGF-1, VEGF-2, VEGF-3) tyrosine kinases, thereby blocking VEGF signaling and
angiogenesis. In a double-blind phase 2 study, the addition of cediranib to standard
carboplatin and paclitaxel chemotherapy improved progression-free survival (8.1
versus 6.7 months) [43]. Although promising, this drug is not being pursued by the



pharmaceutical industry.

Conclusion Cervical cancer remains a significant worldwide problem. The better
outcome seen with the introduction of chemoradiotherapy in 1999 has not been
improved upon. The challenge is not only to look for ways to increase local control
and survival rates but also to improve quality of life by minimizing morbidity of both
surgical and nonsurgical treatment.
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Abstract
A wide range of infections and other inflammatory disorders can involve the cervix.
These can represent local cervical pathology or be a manifestation of systemic disease,
for example vasculitis. Benign tumors and tumor-like lesions also occur in the cervix
and form part of the differential diagnosis of intraepithelial, and sometimes invasive,
lesions: recognition of their appearances is therefore important, particularly in the
context of cervical screening programs. They can be subdivided into epithelial and
mesenchymal lesions, with the epithelial lesions being further divided into squamous
and glandular categories. This chapter focuses on benign squamous and glandular
lesions and infections; neoplastic squamous and glandular lesions, mesenchymal
lesions, and other cervical neoplasms are considered in other chapters.

Keywords Cervix – Infection – Inflammation – Benign – Squamous – Glandular

Introduction
A wide range of infections and other inflammatory disorders can involve the cervix.
These can represent local cervical pathology or be a manifestation of systemic disease,
for example vasculitis. Benign tumors and tumorlike lesions also occur in the cervix [1]
and form part of the differential diagnosis of intraepithelial, and sometimes invasive,
lesions: recognition of their appearances is therefore important, particularly in the
context of cervical screening programs (see Chap. 3). They can be subdivided into
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epithelial and mesenchymal lesions, with the epithelial lesions being further divided
into squamous and glandular categories. Neoplastic squamous lesions of the cervix are
considered in Chaps. 6 and 7, neoplastic glandular lesions in Chaps. 8 and 9,
mesenchymal lesions in Chap. 10, and other cervical neoplasms in Chap. 11. This
chapter therefore focuses on benign squamous and glandular lesions, and infections.

Benign Squamous Lesions
Squamous Metaplasia
Squamous metaplasia is a normal process in the uterine cervix and is discussed in detail
in Chap. 1. It is always present in the adult cervix, and its diagnostic importance lies in
its distinction from squamous intraepithelial lesions (SILs; see Chap. 6). This is also
true colposcopically, where the distinction between intraepithelial lesions and
squamous metaplasia can be difficult.

Squamous metaplasia occurs when the endocervical glandular epithelium is exposed
to the vaginal environment, typically after puberty when the cervix grows and everts in
response to hormones. It therefore represents a continuum, starting with the formation of
a thin epithelium with features of squamous differentiation, progressing to a thicker
epithelium which then matures to form an epithelium that morphologically resembles the
native ectocervical nonkeratinizing squamous epithelium: these features are often
referred to as immature and mature squamous metaplasia, respectively. Surface
keratinization can occur, usually as parakeratosis, and this can cause diagnostic
difficulty both colposcopically, where it produces a leukoplakic appearance, and
histopathologically, where it raises the possibility of HPV-related changes. It is of note
that squamous intraepithelial lesions (SILs) of the cervix can exhibit keratinization (see
Chap. 6).

As this process develops, the squamocolumnar junction moves cranially, and the
area between the original and current squamocolumnar junctions, which is lined by the
metaplastic squamous epithelium, defines the region termed the transformation zone.
The transformation zone therefore lies between the native ectocervical squamous and
endocervical epithelia and is identified by the presence of squamous metaplasia
(immature or mature) overlying endocervical glands. It is often inflamed and the
squamous epithelium may therefore show reactive changes. These can be marked,
particularly if there is ulceration, mimicking a SIL. Although the presence of prominent
nucleolation of squamous cells can be a useful diagnostic feature in favor of metaplasia,
the distinction between a thin SIL and immature squamous metaplasia can on occasion
be very difficult [2, 3]. Immunostaining for the p16 protein can be extremely helpful in
this situation, with block-type p16 positivity lending strong support to a high-grade SIL
interpretation [4, 5] (and see Chap. 6).



Condyloma Acuminatum
Condyloma acuminatum is an exophytic papillary squamous lesion caused by productive
HPV infection. The majority of condylomata acuminata are low-risk HPV infections
(usually HPV 6 or HPV 11; see Chap. 2), but high-risk HPV infection can produce
condylomatous lesions, and high-grade SIL can have a condylomatous architecture. The
term condyloma acuminatum is reserved for exophytic productive HPV infections with
the typical condylomatous architecture and at most mild atypia (Fig. 5.1). These lesions
are therefore a subset of low-grade SIL (see Chap. 6). If features of high-grade SIL are
present, the lesion should be categorized as such, and if features of HPV infection (such
as koilocytosis, dyskeratosis, and multinucleation) are absent, the lesion should be
categorized as a squamous cell papilloma (see below).

Fig. 5.1 This shows a flat low-grade squamous intraepithelial lesion (SIL) (left) contiguous with a condyloma
acuminatum (right) at low (a) and medium (b) power together with the accompanying p16 immunostain (c, d). The flat
LSIL is block positive for p16, consistent with high-risk HPV infection, whereas the condyloma acuminatum is p16
negative, in keeping with low-risk HPV infection. Note the sharp demarcation between the two lesions



Condylomata acuminata associated with low-risk HPV infection are p16 negative
(Fig. 5.1). In this context, negativity is defined as the absence of block-type positivity,
which in turn is defined as “continuous strong nuclear or nuclear plus cytoplasmic
staining of the basal cell layer with extension upwards involving at least 1/3 of the
epithelial thickness. The latter height restriction is somewhat arbitrary but adds
specificity” according to the Lower Anogenital Squamous Terminology (LAST)
recommendations [6]. Figure 5.1 shows the contrast between block-positive and block-
negative p16 staining.

Squamous Papilloma
By definition, a squamous papilloma has a papillary structure, with a fibrovascular core
lined by non-atypical squamous epithelium, and is not associated with HPV infection.
These morphological features can be seen in association with HPV infection but, when
HPV infection is present, a diagnosis of LSIL with a papillomatous or condylomatous
pattern is preferred. Immunostaining for p16 and Ki67 can be very useful in identifying
those papillomatous lesions associated with HPV infection, as Ki67 expression in the
upper squamous epithelium is typically seen in HPV-driven lesions, including those that
are associated with low-risk HPV infection and hence p16 negative (Fig. 5.2). Other
differential diagnostic considerations include immature squamous metaplasia with a
papillary pattern, which in turn may be associated with HPV infection [7].



Fig. 5.2 “Squamous cell papilloma” (a) showing epithelial hyperplasia and single cell dyskeratosis but inconspicuous
koilocytosis (b). Ki67 immunostaining shows both parabasal positivity and regional suprabasal positivity in keeping with
activation in concert with HPV replication (c, d, arrows). This lesion was p16 negative, consistent with low-risk HPV
infection. Given the features associated with HPV infection, this lesion is best categorized as a condyloma acuminatum
(LSIL). This case is from the vulva but is included to illustrate the features of a more “papillomatous” condyloma
acuminatum

Transitional Metaplasia
Transitional metaplasia is essentially a form of squamous metaplasia in which the lack
of cytoplasmic maturation imparts a “transitional” appearance to the epithelium. This is
reinforced by the presence of nuclear grooving. The low nucleus-cytoplasm ratio gives
this lesion a hyperchromatic appearance at low power and, coupled with the lack of
maturation of the epithelium, can lead to misdiagnosis as a high-grade SIL.
Immunostaining for p16 is very helpful in resolving this differential diagnosis as
transitional metaplasia is p16 negative; Ki67 positivity is also low, by contrast with
high-grade SIL [8, 9].



Benign Glandular Lesions
Endocervical Polyp
Endocervical polyps comprise a fibrovascular core containing a variable number of
endocervical glands, lined by benign endocervical epithelium. Squamous metaplasia,
which is typically immature and may extend to involve endocervical glands, is common,
as is microglandular hyperplasia, particularly in women taking hormone preparations
(see below). These polyps may be identified incidentally, for example, when taking a
cervical smear, but may also be associated with bleeding, particularly postcoitally,
and/or discharge. Inflammation, with ulceration and reactive epithelial changes, is
common, particularly at the tip of the polyp. Although common and generally benign,
endocervical polyps should be examined carefully microscopically, as glandular
neoplasia can occasionally involve the glands and SILs can involve the metaplastic
squamous epithelium. Cervical sarcomas can also present as cervical polyps (see Chap.
10).

Müllerian Papilloma
This is a specific lesion found in children, most commonly between the ages of 2 and 5
years but with an age range of 1–9 years. This rare entity is considered to be of
Müllerian origin, occurs in the upper vagina and cervix as a friable polypoid lesion up
to 2 cm in diameter, and presents with vaginal bleeding or discharge [10]. By contrast
with the more common endocervical polyp, Müllerian papilloma has branching fibrous
papillae. The lining epithelium is benign and cuboidal to columnar but may show
metaplastic changes. Local recurrence may occur if incompletely excised, but this lesion
is considered to be benign. When considering a diagnosis of Müllerian papilloma, it is
important to include Müllerian adenosarcoma and embryonal rhabdomyosarcoma in the
differential diagnosis (see Chap. 10).

Nabothian Cysts
Nabothian cysts are distended but otherwise normal endocervical glands. The lining
epithelium is often attenuated and may show reactive changes. Most are asymptomatic
and come to clinical attention incidentally. Deep cysts may enlarge the cervix and
produce a suspicious appearance (see the section below on “Endocervicosis”). Most
lesions are asymptomatic, but they can be associated with chronic cervicitis and mucous
discharge. In cases of deep wall Nabothian cysts, the cervix can become enlarged and
clinically suspicious of a malignant process.

Tunnel Clusters



These common aggregates of benign endocervical glands, which generally form lobular
structures, without (type A clusters) or with (type B clusters) cystic change, are
typically identified incidentally on microscopic examination of the cervix [11]. When
cystic, they can lead to a macroscopic abnormality.

Lobular Endocervical Glandular Hyperplasia (LEGH)
This entity is composed of lobular aggregates of endocervical glands showing gastric
(pyloric type) metaplasia and may be a precursor of gastric-type adenocarcinoma (a
spectrum of lesions including minimal deviation adenocarcinoma of mucinous type). It
is discussed in detail in Chaps. 8 and 9.

Diffuse Laminar Endocervical Hyperplasia
This is composed of benign but crowded endocervical glands that form a band-like
structure beneath the endocervical surface. There is typically an inflammatory infiltrate
beneath the glandular aggregates. This entity is discussed further and illustrated in Chap.
8.

Mesonephric Remnants and Hyperplasia
Remnants of the mesonephric (Wolffian) duct are a not uncommon incidental
microscopic finding in cervical specimens, particular hysterectomies (Fig. 5.3). These
remnants are typically found in the outer cervical wall in a location consistent with the
embryological position of the mesonephric duct but can on occasion be present in the
inner cervical wall and can communicate with the endocervical canal. A combination of
small tubular structures containing PAS-positive eosinophilic material surrounding
larger duct-like structures is often present. These structures are lined by predominantly
cuboidal epithelial cells [12]. Mesonephric hyperplasia may be lobular or diffuse, the
latter on occasion raising the possibility of invasive carcinoma [13]. However, there is
minimal atypia and Ki67 labeling is low. Recent studies have identified nuclear GATA3
immunoreactivity to be typical of mesonephric lesions [14, 15], and this can be helpful
in difficult cases. Mesonephric carcinoma is discussed in Chap. 11.



Fig. 5.3 Transverse (axial) section of the cervix from a hysterectomy showing a cluster of small glandular structures
within the wall of the cervix (a). These are lined by cuboidal epithelial cells and contain eosinophilic material (b, c).
The appearances are typical of mesonephric duct remnants

Arias-Stella Reaction
An Arias-Stella reaction may affect the endocervical glandular epithelium in the same
way it affects endometrial glands [16]. This produces a potentially worrisome
appearance, with enlargement of glandular epithelial cells with hyperchromatic nuclei
(Fig. 5.4). The cytoplasm may be clear or show oxyphilic change. Its importance is in
its distinction from clear cell or usual type adenocarcinoma of the cervix. An important
clue to the diagnosis is a history of current pregnancy or hormone therapy, with which
this change is associated. It is a benign hormone-related alteration with no malignant
potential.



Fig. 5.4 Loop excision was performed during pregnancy following a biopsy diagnosis of superficially invasive
squamous cell carcinoma of the cervix. Focally, the endocervical glands showed marked nuclear pleomorphism (a),
which raised concern for adenocarcinoma in situ (b, c). However, the morphological features, in the context of
pregnancy and an adjacent prominent decidual reaction (d), led to a diagnosis of Arias-Stella reaction

Endocervicosis
Endocervicosis refers to the presence of endocervical glands in the outer half of the
uterine wall [17]. This usually produces a mass, or cyst, involving the cervical wall,
typically anteriorly. The epithelium lining the cystic spaces is benign. Mucin
extravasation with an accompanying stromal reaction may be seen. There may be a
history of antecedent Caesarian section.

Tuboendometrioid Metaplasia
Tuboendometrioid metaplasia of the endocervical glands, in which the lining epithelium
resembles the tubal (ciliated) or endometrioid (non-ciliated) epithelium, is common,
particularly where there is a history of cervical surgery. This may on occasion present
diagnostic difficulty [18] as, when inflamed, it can mimic adenocarcinoma in situ.



Immunohistochemistry for p16, Bcl2, and Ki67 can be helpful in resolving this
differential diagnosis, with tuboendometrioid metaplasia and endometriosis typically
showing patchy p16 positivity, Bcl2 positivity, and a relatively low Ki67 labeling index
[19] (Fig. 5.5). Adenocarcinoma in situ is usually diffusely and strongly p16 positive
and Bcl2 negative and has a high Ki67 labeling index (see Chap. 8).



Fig. 5.5 Loop excision was performed following a biopsy diagnosis of high-grade SIL. This showed abnormal glands
(a, b) in addition to residual high-grade SIL (c). Morphologically, the bland cytology and prominent ciliation indicate
tuboendometrioid metaplasia, confirmed by immunohistochemistry which shows patchy p16 positivity (d), a relatively
low Ki67 labeling index, (e) and diffuse Bcl2 positivity (f). This contrasts with the staining pattern in the adjacent high-
grade SIL, which shows block-type p16 positivity (g), a high Ki67 labeling index, (h) and no epithelial positivity for Bcl2
(i)

Endometriosis
Cervical endometriosis refers to the presence of endometrial-type glands and associated
stroma in the cervix. It may affect the endocervical canal and subjacent stroma, in which
case it is often associated with previous cervical surgery, for example cone biopsy or
loop excision (superficial endometriosis), or it may affect the deep cervical wall,
particularly posteriorly, when it is associated with pelvic endometriosis (deep
endometriosis). Superficial endometriosis is often associated with tuboendometrioid
metaplasia of surrounding glands.

Ectopic Prostate Tissue



Prostate tissue may be identified in the cervix [20].

Microglandular Hyperplasia
Microglandular hyperplasia is a common finding in cervical biopsies and cervical
polyps, particularly in association with progestogen therapy and pregnancy. It produces
closely packed glands with subnuclear vacuolation, the latter being a helpful feature in
reaching the correct diagnosis. When architecturally complex, inflamed, or presenting
with more unusual solid or trabecular patterns, this lesion can cause diagnostic
confusion with adenocarcinoma [11, 21].

Infections
Cervical HPV infection is extremely common and is discussed in detail in Chaps. 2, 3,
and 6. Other viral infections that can be present in specimens from the cervix include
herpes simplex virus (HSV) infection, Epstein-Barr virus (EBV) infection,
cytomegalovirus (CMV) infection, and molluscum contagiosum. HSV produces
characteristic epithelial changes on cervical smears. A non-exhaustive list of cervical
infections is given in Table 5.1.

Table 5.1 Infections of the cervix

 References
Human papillomavirus (HPV) See Chap. 2
Herpes simplex virus (HSV) [22]
Epstein-Barr virus (EBV) [23]
Molluscum contagiosum [24]
Syphilis [25]
Chlamydia and lymphogranuloma venereum [26]
Granuloma inguinale [27]
Mycoplasma [28]
Chancroid [29]
Tuberculosis [30]
Trichomoniasis [31]
Amoebiasis [32]
Schistosomiasis [33]
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Abstract
Cervical squamous intraepithelial lesions [also known as cervical intraepithelial
neoplasias (CINs), cervical dysplasias] impact a significant proportion of the
population and are among the most commonly encountered diagnoses for the
cytopathologist and surgical pathologist. Screening programs to detect and eradicate the
subset of these lesions that are precancerous remain among the most impressive success
stories in preventative medicine. Although many aspects of cervical neoplasia are
familiar to all pathologists, this is a perpetually dynamic field due to changes in both
technology and prevalence, leading to ongoing refinement of patient management.
Recent decades have seen a rapid expansion in our understanding of cervical
carcinogenesis leading to the development of new diagnostic biomarkers, novel testing
assays, and effective vaccines. Screening strategies have also undergone renovation in
response to these developments. This chapter reviews cervical squamous intraepithelial
neoplasia from its earliest historical characterizations to its most up-to-date molecular
underpinnings. It covers terminology, epidemiology, and screening techniques.
Cytological and histological features are reviewed, as are morphological mimics.
Finally, the molecular basis for disease is discussed with attention to potential
immunohistochemical and molecular biomarkers.

Keywords Cervical squamous intraepithelial lesions – Cervix – Squamous
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History and Terminology
Uterine cervical squamous intraepithelial lesions represent the model for intraepithelial
neoplasia throughout the body. Their existence was initially recognized in the early
1900s, when histologic descriptors such as “surface carcinoma,” “intraepithelial
carcinoma,” and “carcinoma in situ (CIS)” were applied to lesions that bore the
cytologic features of malignancy, but that had yet to invade through the basement
membrane. These diagnoses corresponded with a fundamental clinical decision branch
point: a diagnosis of CIS provoked a hysterectomy, while the uterus and cervix were
retained in cases that failed to meet CIS criteria. The mid-twentieth century saw the
recognition of lesions with less marked severity than CIS, ultimately leading to the
application of the term “dysplasia” by Reagan and colleagues, who went on to usher in
gradations of mild, moderate, and severe [1]. Although the diagnostic interface between
CIS and severe dysplasia remained somewhat murky, the former continued to provoke
complete hysterectomy, while the latter was more often treated with conization.

The next significant development in the characterization of squamous intraepithelial
lesions came with Koss and Dufree’s description of koilocytes in 1956 [2]. They
derived this term from the Greek word for cave due to the “cave-like” vacuoles that
surrounded the enlarged nuclei of these cells and noted the morphological homology
between these cells and the mild dysplasia depicted in Reagan’s system. It took another
two decades for this morphology to be ascribed to human papillomavirus infection by
Miesels and Fortin, with confirmatory electron microscopy studies performed shortly
thereafter [3–6].

At this point, cervical dysplasias were not necessarily recognized as precursors for
invasive carcinoma. This concept was championed by Richart in 1969, who suggested
that the continuum of mild, moderate, and severe dysplasia all imparted some risk of
progression to carcinoma [7, 8]. Recognition of this shared risk led to a nomenclature
change to the cervical intraepithelial neoplasia (CIN) system, with mild dysplasia
equating with CIN1, moderate dysplasia CIN2, and severe dysplasia and CIS being
collapsed into CIN3. This conceptual shift was accompanied by a shift in treatment
practices, with local resection supplanting hysterectomy for all grades of CIN, including
those formerly termed CIS. The end of the twentieth century saw the advent of molecular
biology and an explosion in our understanding of cervical carcinogenesis and its
relationship to human papillomavirus. Notable breakthroughs included the first
demonstration of high-risk HPV DNA in cervical cancer cell lines by Boshart et al.
while working in the laboratory of Harald zur Hausen, who was awarded the Nobel
Prize in 2008 for the relationship of HPV to cervical carcinogenesis. Subsequently,
Crum and colleagues were the first to identify HPV 16 in cervical intraepithelial
neoplasia [9, 10].

As molecular evidence mounted and was carefully correlated with epidemiological



studies, it became clear that CIN1 (e.g., mild dysplasia, usually with koilocytes)
represented the histological correlate for productive HPV infection, while
CIN2/CIN3/CIS was identified as a morphological indication of HPV oncogene-
induced cell transformation. CIN1 lesions were further shown to regress in the majority
of instances, whereas CIN2/CIN3/CIS lesions showed much higher rates of persistence
and progression. This understanding led to the return of a binary managerial approach to
cervical pathology: CIN1 lesions were considered a low-grade squamous
intraepithelial lesion (LSIL) and managed with observation, whereas CIN2/CIN3/CIS
lesions were combined as high-grade squamous intraepithelial lesions (HSIL) and
warranted resection [11]. These grades correlate with risk of progression to cancer.

This two-tiered risk schema informed the Bethesda Classification System for
Cervical Cytology, first introduced in 1988 and refined three times, most recently in
2014. In 2012, the Lower Anogenital Squamous Terminology (LAST) project further
advocated for the use of LSIL/HSIL terminology not only in the uterine cervix but also
elsewhere in the male and female genital tracts, as did the fourth edition of the World
Health Organization’s text on gynecological neoplasia [12, 13].

Epidemiology and Risk Factors
HPV is ubiquitous in human populations, with the majority of cervical infections
passing without detectable clinical sequelae. It is estimated that up to 80% of women in
their early 20s will experience at least a transient HPV infection, and this decade also
represents the peak of microscopically detected cervical squamous intraepithelial
lesions. The incidence of cervical squamous lesions goes on to parallel infection
epidemiology throughout the ensuing decades, falling off to roughly 5% of women in
their 50s. Risks factors for infection include earlier age of sexual activity, increased
number of sexual partners, immunosuppression, coexistence of other sexually
transmitted diseases, and smoking [13, 14].

There are >40 of HPV types that infect the cervix, but the majority of cases can be
attributed to 13–15 high-risk types and 4–6 low-risk types. Historically, high-risk types
16 and 18 and low-risk types 6 and 11 have predominated; however, this distribution is
likely to change in time following the advent of HPV immunization which targets these
types. It is notable that clinically validated HPV testing platforms typically cover only
13–15 subtypes in total; therefore, their sensitivity for infection is imperfect by design.
This deliberate limitation on sensitivity is due to the need for screening assays to
maximize the sensitivity and specificity for precancer risk as opposed to viral detection.
For more detail on the epidemiology of high-risk HPV infection, please refer to Chap. 2.

Specimen Types



Cervical squamous neoplasia is typically first encountered in a cytology sample, with
surgical biopsy representing the initial method of collection only in rare cases with
grossly visible lesions. A diagnosis of squamous intraepithelial lesion by cytology
prompts a range of interventions depending upon the degree of dysplasia and the
patient’s age, HPV status, and gravidity; the most up-do-date management guidelines in
the United States are available through the American Society for Colposcopy and
Cervical Pathology (ASCCP). Follow-up actions include watchful waiting and cervical
biopsy, with the latter sometimes prompting a larger excision [either loop
electrosurgical excision (LEEP) or cone biopsy] or, occasionally, hysterectomy.

Cytological Specimens (“Pap Smears”)
The term “Pap smear” is used colloquially to describe all manner of cervical cytology
samplings. A more apt generic classification for any cytological sampling of the cervix
is “Pap test,” as this term allows for a variety of collection methods and still retains the
homage to Dr. George Papanicolaou, the anatomist who first reported malignant cells in
gynecological samplings. Technically, a “Pap smear” refers to a direct conventional
smear collected from the cervix, typically using a specialized spatula alone or in tandem
with an endocervical sampling device (historically a cotton-tipped applicator but today
more often a patented “broom” or “brush”). The collected material is then transferred
directly to a glass slide and smeared out. Conventional smears typically contain
between 50,000 and 300,000 cells with a minimum of 8000–12,000 well-visualized
cells required for specimen adequacy. Although under optimal conditions sensitivity for
CIN can be robust, it remains imperfect, and DNA analysis has shown that the cells
represented on a direct smear constitute a small minority (as little as 5%) of the total
cells removed from the patient, with practitioner skill/technique, anatomy, and technical
preparation considerably influencing specimen sensitivity [15]. Furthermore,
interpretation can be hindered significantly by excessive smear thickness, obscuring
blood, and variable fixation.

Given the propensity for such variables to confound conventional smear
interpretation, many cytopathologists prefer more standardized preparation methods
whenever they are available, and improvements in laboratory technology have made
direct smears uncommon in many modern pathology practices. Indeed, in the United
States, most of the cervical cytology specimens we now encounter are thin-layer liquid-
based preparations. When compared to conventional smears, liquid-based specimens
have equivalent or better sampling sensitivity, more uniform fixation and staining, and
decreased background [15]. The most commonly employed techniques are ThinPrep
(Hologic) and SurePath (BD).

ThinPrep samples are collected using either a broom-type device or a plastic
spatula in combination with an endocervical brush. The sampling apparatus is then



swished and stored in a vial containing methanol-based preservative solution which
lyses red blood cells. Collection vials are loaded into a patented instrument which
disperses cells and collects them on a 20 mm polycarbonate filter, which is then
transferred onto a glass slide. Generally only a small proportion of the specimen is used
to create a ThinPrep slide; therefore, residual material remains available for molecular
diagnostic testing, preparation of additional slides, and/or cell block preparation.
Several studies have shown improved detection of dysplasia in ThinPrep slides when
compared to conventional smears [16].

In contrast to ThinPrep, SurePath uses an ethanol-based preservative, and the
collection device is snipped off and included in the vial. The specimen is vortexed and
syringed through a small opening to disaggregate large cell clumps. Next, it is
centrifuged through a density gradient which eliminates red blood cells and some white
blood cells. The centrifuged pellet is then resuspended and centrifuged again. Finally,
the centrifuge tube is transferred to a staining instrument which samples the pellet and
settles the cells onto a cationic polyelectrolyte-coated slide. Although some studies
have shown improved detection of LSIL by SurePath as compared to conventional
smears, significant differences in the detection of HSIL have not been demonstrated [17,
18].

Cervical Biopsy
Surgical biopsies are typically small, unorientated portions of tissue. While most often
directed at visible lesions, they may also be either random or systematic quadrant
samplings. The sensitivity of sampling may be significantly influenced by operator skill
and patient anatomy, and the absence of a lesion on biopsy does little to assuage concern
prompted by positive cytology. Indeed, while colposcopic biopsy has long been
erroneously considered the diagnostic “gold standard” by many clinicians, it may miss
roughly 25% of cytologically detected intraepithelial lesions [19, 20]. This makes
sense, as surgical biopsies collect only a small focus of the epithelium, whereas
cytological samples include cellular representations of much broader areas. This issue
of sampling discrepancy is also of significance in discussions regarding the utility (and
limitations) of prognostic markers in cervical specimens, which is further discussed
here under the section “Biomarkers” heading of this chapter.

Cone Biopsy
These excisional specimens encompass the transformation zone and serve the dual
purposes of diagnosis and therapy. They are performed using a scalpel (hence the term
“cold-knife cone”). Specimen size varies considerably based on the cervical anatomy,
surgical technique, and patient’s age and interest in preserving fertility but typically
measures around 1.5 cm in width by 1.0 cm in depth.



Loop Electrosurgical Excision Procedure (LEEP)
LEEP (also known as loop excision of the transformation zone (LETZ)) has largely
supplanted traditional conization as the excisional method of choice for cervical
dysplasia. It is similar to a traditional or “cold-knife” cone, but instead of an unheated
scalpel, it relies on a hot wire-shaped loop or similar device carrying an electrical
current to slice and simultaneously cauterize the cervical tissue.

Hysterectomy
Hysterectomy usually involves the en bloc resection of the uterus and cervix, although
the specimen type varies somewhat based on the underlying pathology. Radical
hysterectomy with pelvic lymph node resection is the intervention of choice for the
treatment of invasive cervical cancer in patients who are surgical candidates (typically
those with disease stage ≤IB). Patients with higher stage disease are often treated using
neoadjuvant chemotherapy and/or radiation. SILs may be encountered overlying and/or
adjacent to areas of invasion in patients with squamous cell carcinoma. SIL can also be
seen without associated invasive malignancy as the decision to perform hysterectomy
may be spurred by recalcitrant SIL, particularly when childbearing is not at issue.
Finally, SIL may be an incidental finding in hysterectomies performed for benign or non-
cervical neoplastic reasons.

Gross/Colposcopic Features
With the exception of exophytic lesions such as condyloma acuminatum, cervical SILs
are not typically visible to the naked eye. They may be clinically identified using
colposcopy and the sequential application of normal saline, 3–5% dilute glacial acetic
acid, and in some cases Lugol’s iodine. Lesions may be demarcated from the
background normal cervix based on the color tone/intensity of acetowhite areas, the
margins and surface contour of acetowhite areas, and vascular features and color
changes following acetic acid and/or iodine application.

The initial application of normal saline aids in the identification of vasculature and
demarcates the transition zone borders. Subsequent application of acetic acid highlights
intraepithelial lesions: LSILs are typically thin, smooth acetowhite lesions with
irregular but well-demarcated margins, whereas HSILs are more often thick and dense
with an irregular surface and raised or rolled margins and abnormal vascular patterns.

In the final (but for some optional) step, iodine solution is taken up by glycogen-rich
normal squamous and mature metaplastic cells but not by columnar cells or
intraepithelial lesions, further delineating cervical intraepithelial neoplasia from the
background cervix. Directed biopsies can then be collected using information gleaned
from this colposcopic examination. That said, colposcopic impressions are imperfect



correlates for microscopic findings; therefore, some discordance between the grossly
anticipated grade and the ultimate diagnosis is not surprising.

Morphological Manifestations
Cervical dysplasia manifests microscopically either as LSIL (CIN1) or HSIL
(CIN2/CIN3). These two basic morphological patterns reflect the status of HPV
infection in the involved tissues. Although some assume that CIN1, CIN2, and CIN3
represent a continuous spectrum, linear progression through each level of dysplasia
does not necessarily occur in all cases: varying degrees of dysplasia may occur in
tandem with progression of LSIL to HSIL within the same biopsy, or they can occur
independently as not all cases of LSIL are obligate precursors to HSIL and a “direct-to-
HSIL” pathway is thought to exist.

Normal Squamous Epithelium
To understand the morphological appearances of cervical neoplasia, it is important to
appreciate the maturation pattern of normal squamous epithelium. Normal anatomy is
discussed in detail in Chap. 1 of this text and will be reviewed only briefly here.
Squamous mucosa lines the ectocervix with transition to the glandular epithelium in the
endocervix (Fig. 6.1). In normal squamous mucosa, cell division is restricted to basal
and parabasal cells. These proliferative basal layers are responsible for populating the
full thickness of the epithelium, with maturation and functional refinement (but not cell
division) occurring as the cells become more superficial. Maturation manifests in a
decrease in nuclear size and an increase in cytoplasmic volume, often with acquisition
of cytoplasmic glycogen. The maturing cytoplasm stains differentially on ThinPrep-
based cytology specimens with intermediate cells derived from the middle of the
epithelium bearing pale blue cytoplasm and the most superficial and mature cells
bearing abundant “orangophilic” cytoplasm. On H&E-stained slides, maturation
manifests in decreasing nuclear size with concomitant increase in eosinophilic, keratin-
enriched cytoplasm. Perinuclear clearing is often present due to the presence of
cytoplasmic glycogen and should not be mistaken for koilocytic halos.



Fig. 6.1 The cervical transition zone, demonstrating a convergence of normal squamous and glandular mucosa

The degree of maturation is influenced by the amount of estrogen available either
endogenously or exogenously. Complete maturation can be expected in epithelia from
post-menarchal, premenopausal women who are not pregnant or lactating and are not
using any hormonal contraceptives. Varying degrees of immaturity or atrophy may be
seen approaching and after menopause, during pregnancy and lactation, and in the setting
of hormonal contraceptives. The atrophic cervix is characterized by a predominance of
basal, parabasal, and occasionally intermediate cells without a significant contribution
of superficial cells.

LSIL/CIN1
In LSIL, HPV infects all levels of the epithelium; however, productive viral gene
expression is restricted to those cells that have begun to mature. In the suprabasal zone,
viral gene expression is restricted exclusively to the early viral genes. Further up in the
epithelium, all viral genes are induced, and ultimately viral DNA is synthesized, leading
to the production and assembly of virions in the most superficial cell layers. LSIL
includes both flat lesions and exophytic lesions conventionally referred to as
condylomata. Some pathologists have attempted to divide LSIL into lesions showing
koilocytosis without atypia, condylomata, and CIN1, but these distinctions do not
appear biologically relevant or clinically reproducible and are not recommended by
LAST criteria [12, 19]. LSIL can be due to either high-risk or low-risk HPV types, with



high-risk HPV accounting for the majority (80–85%) of cases involving the cervix [21].

LSIL Histology
LSIL is morphologically characterized by koilocytic atypia. Koilocytes contain enlarged
and irregular nuclei, sometimes with binucleation, surrounded by a region of
cytoplasmic clearing (Fig. 6.2). The area of cleared cytoplasm shows an irregular edge
(a “ribbon-like” or “calligraphy pen” border due to its vacillating thickness). The
nuclear chromatin is coarse and irregular with either no nucleoli or only tiny, indistinct
nucleoli.

Fig. 6.2 LSIL histology. Koilocytic atypia extends into the superficial epithelium, and occasional binucleate cells are
seen. Nuclear enlargement is marked, often exceeding the nuclear size of basal cells; however, cytoplasm remains
abundant

Histological samples of LSIL may show a proliferation of basal-like cells with
occasional mitoses, but this proliferation is limited to the lower third of the epithelium.
Although simplified explanations of LSIL often imply that the cytological atypia ends
there, it is critical to note that full-thickness atypia is indeed present in LSIL: enlarged,
hyperchromatic, and irregular nuclei percolate throughout the upper portions of the
epithelium. Indeed, that is why cytological specimens, which typically sample only the
topmost layers of the epithelium, remain such an effective screen for LSIL. However, in
contrast to HSIL, the surface atypia of LSIL is koilocytic in nature, with retention of
abundant cytoplasm and a relatively low/normal nucleus/cytoplasm (N:C) ratio. Indeed,



the largest and most morphologically striking nuclei seen in HPV infections are
typically identified in LSIL rather than HSIL, but unlike in HSIL these nuclei are seen in
conjunction with considerable cytoplasm.

LSIL Cytology
The koilocytes observed on histological sections of LSIL can also be appreciated on
cytological samples, with the aforementioned morphological features (perinuclear halos
with thick, irregular borders, enlarged and irregular nuclei, binucleation, etc.)
translating reliably across preparation types (e.g., ThinPrep, SurePath, conventional
smears) (Fig. 6.3). Of particular significance in the assessment of cytological specimens
is the relatively large size of LSIL cells when compared to HSIL cells. The smallest
LSIL nuclei are 3× the size of an intermediate cell nucleus, but often they far exceed
this. The large, eye-catching koilocytes of LSIL can occasionally distract from the
smaller, more subtle cells (so-called “no-see-ums” or, alarmingly, “litigation cells”) of
a concurrent HSIL. The co-occurrence of LSIL and HSIL in such cases illustrates that
sometimes HPV infection manifests as a spectrum of dysplasia, with some cases of LSIL
either progressing to or occurring in tandem with HSIL. One must therefore be cautious
not to jump to a diagnosis of LSIL when koilocytes are evident, instead pausing to
carefully evaluate the background for coincident HSIL.

Fig. 6.3 LSIL cytology. A cluster of four koilocytes is present at the center of the image. These cells show nuclear
enlargement ≥3× the background intermediate cells. Nuclear chromatin is coarse with focal irregularity of the nuclear
membrane. The perinuclear halos have thick, irregular “calligraphy pen”-type borders



HSIL: CIN2
In straightforward cases LSIL is readily and reproducibly classified, but many cases
present diagnostic difficulties. In particular, the CIN1/CIN2 interface can be
challenging.

CIN2 Histology
On histological sections, the finding of “higher-riding” (e.g., in the middle third of the
epithelium) atypical high N:C ratio cells and mitotic activity in the middle of the
epithelium raises concern for moderate dysplasia, or CIN2, which represents the lower
end of the HSIL spectrum and an area of significant diagnostic difficulty (Fig. 6.4). This
difficulty is highlighted by the fact that CIN2 has the lowest interobserver
reproducibility of all cervical diagnoses [19]. A common explanation for the
overdiagnosis of CIN2 is the tendency of some observers to overinterpret high-riding
nuclear atypia without attention to the associated cytoplasm. It is therefore worth
reemphasizing: full-thickness nuclear atypia is allowable and expected for CIN I. It is
the proliferation of high N:C ratio, basal-like cells, often with associated mitotic
figures, into the middle or upper third of the epithelium that warrants consideration for a
HSIL diagnosis. The more extensive the expansion of the cellular component, the more
certain the diagnosis of HSIL. Yet, assessing the level of atypia and proliferative
activity can also be complicated by tangential sectioning and epithelial sloughing;
therefore a confident diagnosis of CIN2 requires clear visualization of the epithelium
from base to surface. If orientation is suboptimal but CIN2 remains on the differential,
level sections should be considered. If ambiguity remains, a diagnosis of “dysplasia”
can be rendered and accompanied by a note explaining the issue. However, such
equivocal, ungraded reads can generate understandable frustration for our clinical
colleagues and patients and should therefore be used very sparingly.



Fig. 6.4 HSIL (CIN2) histology. This case shows basaloid cells and mitotic activity percolating through the middle of
the epithelium; however, the surface retains some degree of maturation with some preservation of the N:C ratio. This
particular case of CIN2 sits closer to the CIN2/CIN3 interface as compared to the CIN1/CIN2 interface, with the
limited degree of retained maturation preventing classification as “severe” dysplasia

Given the poor interobserver reproducibility for CIN2 the frustration generated by
equivocal reads, and the importance of managing HSIL, LAST recommends the use of
ancillary studies (specifically, p16 immunohistochemistry) for all cases of suspected
CIN2 [12]. Recent work suggests that enlisting p16 downgrades roughly 1/3 of CIN2
lesions, preventing unnecessary follow-up in a significant subset of patients [22]. p16
interpretation is further discussed in the “Biomarkers” section of this chapter. It is also
notable that LAST emphasizes that it is the distinction between LSIL and HSIL that
guides management. Separating CIN2 from CIN3 even with biomarkers is only relevant
in ASCCP guidelines for the management of women under age 25 with small lesions.
Hence in many laboratories, CIN2 and CIN3 are combined as HSIL (CIN2–CIN3) for
diagnostic purposes.

CIN2 Cytology
Likewise, it is not necessary to differentiate between CIN2 and CIN3 on cytological
specimens; however, some pathologists elect to do so. CIN2 cells sampled on Pap tests
generally demonstrate more abundant cytoplasm than their CIN3 counterparts, which are
almost entirely bereft of the cytoplasm (Fig. 6.5). However, their N:C ratio exceeds
what is allowable for LSIL, even though the nuclei may be smaller than those of LSIL.



Fig. 6.5 HSIL (CIN2) cytology. This cluster of HSIL cells demonstrates nuclear enlargement and hyperchromasia
with irregular nuclear borders. The nuclear size is less impressive than is typical of LSIL. While it is not necessary to
subdivide CIN2 and CIN3 on cytology, the N:C ratio seen here is lower than is expected for severe dysplasia;
therefore, classification as “HSIL” with the qualifier “moderate dysplasia” is acceptable

HSIL: CIN3
CIN3 represents the highest grade of dysplasia and denotes near or complete
repopulation of the epithelium by a clonal expansion of proliferative, high N:C ratio
basaloid cells. As previously mentioned, historic attempts to segregate CIN3 from CIS
proved poorly reproducible and biologically inconsequential; therefore, the latter term
has been discarded and these cases collapsed into CIN3. Often the constituent cells of
CIN3 bear nuclei that are smaller and less strikingly pleomorphic than the cells
observed in LSIL and are instead marked by their monotony.

CIN3 Histology
On histological sections, this monotony translates into an epithelium that essentially
shows no distinction between the superficial and basal layers: in the most classic cases,
one could imagine flipping it over entirely, so that the superficial cells lined the base
and vice versa, without changing the appearance (Fig. 6.6). Mitotic figures are
commonly present and extend into the upper third of the epithelium (Fig. 6.7). This
impressive appearance leads to relatively high interobserver reproducibility in the
diagnosis of CIN3 when compared to CIN2, although benign mimics such as squamous



metaplasia and atrophy can lead to diagnostic difficulty. It is critical to note that while
there is remarkable monotony within a CIN3 lesion, that lesion should differ
significantly from the background squamous epithelium. The presence of a
morphologically distinct clonal population is a hallmark of dysplasia. If the entire
epithelium is lined by relatively uniform basaloid, high N:C ratio cells, the differential
of atrophy should be considered.

Fig. 6.6 HSIL (CIN3) histology. The epithelium is completely repopulated by basaloid cells with nuclear enlargement,
hyperchromasia, and irregular nuclear outlines. Cytoplasm is scant and uniformly distributed across the thickness of the
epithelium. Mitotic figures are readily identifiable and extend to the surface



Fig. 6.7 HSIL (CIN3) mitotic figures. This high-power view case demonstrates the abundant, high-riding mitotic
figures that can be appreciated in HSIL (CIN3)

CIN3 Cytology
CIN3 cells can be subtle on cytological preparations, in large part due to their relatively
small size. Although two to three times larger than intermediate cell nuclei, unlike LSIL
cells they are not often much bigger than that (Fig. 6.8). Furthermore, they typically
constitute a relatively small proportion of total cellularity and are not apparent on quick
or low-power review. Missed HSIL is therefore unsurprisingly a common source of
diagnostic misadventure for cytopathologists, leading to the name “litigation cells.” As
previously emphasized, HSIL can occur in tandem with LSIL, and a diagnosis of LSIL is
premature without careful review for accompanying HSIL.



Fig. 6.8 HSIL (CIN3) cytology. This loose aggregate of cells shows nuclear hyperchromasia, notched and irregular
nuclear borders, and scant cytoplasm. Notably, most of the cells in the cluster are quite small and could easily be
overlooked in isolation; only one of the cells in the group has a nucleus that significantly exceeds the dimensions of the
background intermediate cells

HSIL Variants
Thin HSIL
Thin HSIL is an immature squamous epithelial lesion typically measuring fewer than ten
cells in thickness. These lesions may be difficult to differentiate from atrophy or repair,
and their diagnosis can be aided by the use of ancillary biomarkers such as p16.

Keratinizing HSIL
Keratinizing HSIL has an atypical surface layer bearing dyskeratotic and pleomorphic
nuclei. These lesions are often encountered in the ectocervix and are reminiscent of the
dysplasia seen in high-risk HPV-related cancers outside the cervix, such as the vulva
and penis. Care must be taken not to underestimate these lesions as LSIL based on the
presence of moderate to abundant keratin-rich cytoplasm. Keratinizing HSIL can also be
found in lesions which are clinically condylomas, and in these instances, the HSIL
dictates the prognosis.

Papillary HSIL



Papillary HSIL (e.g., “noninvasive papillary squamo-transitional carcinoma” or
“papillary squamous carcinoma in situ”) is reminiscent of urothelial neoplasia. It is a
diagnosis contingent on complete excision with exclusion of stromal invasion.

Endocervical Gland Extension
Any grade of squamous dysplasia can show endocervical gland extension (Fig. 6.9).
Distinguishing such glandular extension from invasive carcinoma is usually
straightforward but can occasionally lead to diagnostic difficulty. Architecturally,
endocervical gland extension should retain the distribution pattern of the native glands;
therefore, “outlier” squamous nests which are (in a well-orientated section)
significantly deeper than the normal endocervical glands should make one pause. The
borders of squamous nests are smooth in endocervical gland extension and coordinate
with confinement to the preexisting gland; therefore, jagged and irregular nest borders
provoke concern. Finally, nests populated exclusively by high N:C ratio, basaloid cells
are reassuring for endocervical gland extension by HSIL rather than invasive carcinoma
because invasive cancers typically demonstrate paradoxical maturation with
accumulation of acidophilic cytoplasm and occasional keratin pearl formation.
Paradoxical maturation is not, however, sufficient for a diagnosis of invasion as this can
occasionally be seen in nests of endocervical extension which remain clearly confined
by the basement membrane.

Fig. 6.9 Endocervical gland extension. This endocervical gland has been partially replaced by a basaloid population of



mitotically active squamous cells, consistent with involvement by HSIL. Notably, the native endocervical cells are
benign without features suggestive of adenocarcinoma in situ. The borders of the squamous population remain smooth
and even, raising no concern for invasion

Atypical Squamous Cells (ASC and ASC-H)
A proportion of cytological samples (ideally around 5%) will be classified as atypical
squamous cells of uncertain significance (ASC) because they show some findings which
provoke concern for LSIL (such as nuclear enlargement and cytoplasmic halos) but
which fail to meet diagnostic criteria for SIL. A much smaller subset (typically 10% of
the 5% ASC cases) will be classified as “atypical squamous cells, cannot rule out
HSIL” (ASC-H) when the morphological differential includes HSIL [19, 23].

It is well established that a significant proportion of ASC and (less often) ASC-H
diagnoses will be attributable to benign microscopic mimics such as reactive changes,
squamous metaplasia, and atrophy. Such benign changes are more likely to underlie
atypia among older women as the proportion of ASC cases attributable to biopsy-
confirmed dysplasia is much lower in postmenopausal (17%) when compared to
premenopausal women (46%) [24]. The classification of a subset of benign cases as
ASC/ASC-H should not be considered erroneous, as the goal of a screening test is to
maximize sensitivity with acceptance that a proportion of negative cases will be
identified. In contrast, in tissue biopsies similar equivocation is to be discouraged
especially with the use of biomarkers.

HPV co-testing or reflex testing results are currently enlisted on cytological samples
to triage ASC cases, with HPV-positive ASC treated as tantamount to an LSIL diagnosis
in most cases. Indeed, ASCCP guidelines have taken a risk factor-based approach to
combining HPV testing with cytology for better management stratification. HPV testing
is further discussed in the “Biomarkers” section.

Microscopic Mimics
There are several important mimics to consider in the assessment of cervical dysplasia,
including reactive atypia, basal cell hyperplasia, squamous metaplasia, and atrophy.
These mimics are discussed in detail in the preceding chapter from this text but will
also be addressed briefly here.

Reactive Changes
Reactive atypia is frequently encountered and causes considerable diagnostic difficulty.
Reactive changes can present problems on Pap specimens, biopsies, and excisions
(particularly when these interventions are temporally close to one another and therefore
subject to post-procedural responses). In general, the presence of an acute inflammatory



background can cause considerable nuclear atypia in any of these specimens, and its
presence should cause one to retreat from (or at least pause very carefully before
rendering) a diagnosis of dysplasia.

On cytology, reactive features include a streaming appearance to cellular clusters
with “pulled-out,” elongated cytoplasm with tapered edges. This so-called “school-of-
fish” appearance is reassuring as to the group’s reactive nature. Attention to nuclear
detail is critical for distinguishing reactive from dysplastic changes on both cytology
and histology. Prominent nucleoli can provide reassurance as to the benign nature of a
benign reactive proliferation, particularly when the surrounding chromatin is smooth
and even and all nuclei are similar (e.g., pleomorphism and anisocytosis are minimal).
Rounded nuclear borders also favor a benign diagnosis, whereas sharp nuclear contours
and clefting are more typical of dysplasia. Assessments of nuclear irregularity must also
account for nuclear size. Inflammatory and physiological vacuoles can also prompt
misdiagnosis of LSIL in benign biopsies when nuclear size is ignored. Traditional
teaching about cervical dysplasia places tremendous emphasis on the irregular, so-
called “rasinoid” nuclei seen in koilocytes; however, it is important to note that small,
irregular, darkly staining nuclei commonly reside in glycogen pools of the normal
cervical epithelium. However, when nuclei are small (<2× the size of an intermediate
cell nucleus), irregularity and mild hyperchromasia are not alarming. Currently
available biomarkers are of little utility in the distinction of LSIL from reactive lesions
in histological sections. HPV RNA ISH shows some early promise for addressing this
differential diagnosis, but more studies are needed to elucidate its potential value.
Available ancillary studies are further discussed in the “Biomarkers” section.

Basal Cell Hyperplasia
Basal cell hyperplasia is typified by a thickened basal/parabasal zone with preserved
maturation in the overlying epithelium. Because it results in basaloid, higher N:C ratio
cells within the middle of the epithelium, it may be mistaken for HSIL. Because this
proliferation ascends higher in the epithelium, it may be sampled on cytology
specimens. As with reactive proliferations, attention to nuclear features is key for
excluding dysplasia and confirming the benign nature of this proliferation. The nuclei
remain oval and euchromatic without appreciable mitotic activity.

Squamous Metaplasia
Squamous metaplasia is a normal physiological process characterized by the
nonneoplastic transformation of endocervical cells into a squamous phenotype. It can
provoke concern for dysplasia because the nuclei of squamous metaplastic cells are
invariably larger than those of the native squamous epithelium. Squamous metaplasia
causes diagnostic difficulty on both cytology and histology samples and may be mature



or immature, depending upon the amount of accumulated cytoplasm.
Mature squamous metaplasia may provoke concern for LSIL because the cells show

nuclear enlargement with relatively abundant cytoplasm. Of note, the cytoplasm in
mature squamous metaplastic cells is denser than is seen in the squamous epithelium,
and cytoplasmic borders are often well demarcated. Often angulated cytoplasmic tails
and projections are present. Despite their enlargement the nuclei retain smooth borders
and even nuclear chromatin, mitigating against a dysplasia diagnosis. Importantly, p16
immunostaining has no role in the distinction of LSIL from mature squamous metaplasia
[25, 26].

Immature squamous metaplasia is characterized by cells with nuclear enlargement
and a paucity of cytoplasm. It may therefore raise concern for HSIL but lacks the nuclear
atypia and cellular crowding characteristic of dysplasia. Mitoses may be observed on
histologic specimens but should be restricted to the lower one-third of the epithelium.
p16 is of value in this differential, as is further discussed in the “Biomarkers” section
[25, 27].

Atrophy
Atrophy is among the principal differential diagnoses for HSIL lesions, as it is
characterized by a relatively uniform population of basal- and parabasal-type cells with
high nuclear/cytoplasmic ratios. The uniformity of this population across the sampled
epithelium is of critical significance, as HSIL lesions typically have a clonally distinct
appearance when compared to the background. This becomes evident in the evaluation
of atrophic cytology specimens: at first glance, the reviewer may be struck by an
abundance of single cells with high N:C ratios and therefore tempted to categorize them
as HSIL; however, further review of the slide reveals that virtually all cells share the
observed changes. This uniformity provides reassurance as to the benign, atrophic
nature of the specimen. Atrophic cytology samples often contain so-called blue blobs,
which are somewhat amorphous bodies though to represent degenerating cells. Though
eye-catching and potentially suggestive of HSIL cells, high-power review reveals an
absence of distinct nuclear and cytoplasmic structure, thereby exonerating them.

Atrophic epithelium can also be concerning on hematoxylin and eosin-stained
sections, where it manifests as an attenuated lining composed of basaloid cells. As in
cytological preparations, the paucity of cytoplasm may raise concern for high-grade
dysplasia; however, the ubiquity of the change provides reassurance. Nevertheless,
atrophy is at the top of the differential diagnosis for HSIL, and differentiating these two
entities may be difficult, particularly when sloughing limits assessment of the
background and full thickness of the epithelium. Comfort with benign atrophy can be
obtained by studying the cervices of hysterectomy specimens collected from
postmenopausal women without history of cervical disease. Ancillary molecular and



immunohistochemistry studies can be enlisted in difficult cases (see “Biomarkers”
section for further details).

Squamous Cell Carcinoma
While covered in more detail in Chap. 8, squamous cell carcinoma (SCC) warrants
brief discussion here for direct comparison with SIL. On histological sections the
differentiation of cervical squamous dysplasia from invasive squamous cell carcinoma
is usually straightforward but can be quite difficult in cases with only superficial
invasion. Tangential sectioning of a tongue of dysplastic epithelium must be excluded in
cases with suspected invasion which show only rare infiltrative-appearing squamous
nests lying close to the surface. The presence of a stromal desmoplastic or inflammatory
response provides helpful support for a diagnosis of invasion when present (Figs. 6.10
and 6.11).

Fig. 6.10 HSIL with superficially invasive squamous cell carcinoma. This specimen showed extensive HSIL (CIN3)
with endocervical gland extension, as demonstrated by the large, blunt-edged nest in the upper right-hand side of the
image. However, several foci of jagged, irregular squamous nests are seen underlying the in situ lesion



Fig. 6.11 Superficially invasive squamous cell carcinoma. This high-power image of a different area from the case
depicted in Fig. 6.10 shows a squamous nest with surrounding desmoplasia and a chronic inflammatory cell infiltrate,
supporting the presence of invasion

Occasional cases with dysplasia with extensive endocervical gland extension may
also present difficulty. The presence of squamous nests with jagged, irregular borders
raises considerable concern for invasion, as do nests located outside of the normal
pattern of endocervical glands. Paradoxical squamous maturation with accumulation of
eosinophilic cytoplasm and keratin pearl formation is a worrisome feature suggestive of
progression and, although not independently confirmatory of invasion, should prompt a
careful search for invasion elsewhere in the lesion.

Cytological samples of invasive squamous cell carcinoma are characterized by
markedly atypical cells arranged in a background of tumor diathesis. The constituent
cells of conventional squamous cell cancers typically show abundant keratinous
cytoplasm, a feature known as paradoxical maturation. Often this cytoplasm is elongated
and tapered, with individual “tadpole cells” showing very prominent cytoplasmic
projections. Notably, these features have considerable overlap with reactive changes;
therefore, the chief differential for SCC on cytology is actually reactive change, rather
than SIL. However, the degree of nuclear atypia in SCC far exceeds what is allowable
in reactive changes, and the cell-to-cell variation is more marked. Furthermore, reactive
processes should not show individual atypical cells. Finally, chromatin irregularity and
prominent nucleoli are common in cancer but not in SIL.

Because SCC often has a relatively low N:C ratio, LSIL must also be on the



differential. Nuclear atypia is of limited utility in resolving this differential because
LSIL is permitted to have marked nuclear atypia, often exceeding the pleomorphism and
enlargement of its high-grade counterparts. The background tumor diathesis is critical
for distinguishing LSIL from SCC; however, it is important to note that liquid-based
preparations will considerably reduce the background inflammation and debris and
failure to appreciate a muted diathesis may lead to mis-categorization of a well-
differentiated conventional squamous carcinoma as LSIL.

Differentiating SCC from HSIL can be problematic when the invasive component is
predominantly basaloid. In cases of basaloid SCC, the volume of atypical high N:C
ratio cells may be among the most diagnostically useful features of the specimen, since
HSIL cells are usually relatively rare. Diathesis remains critical for SCC diagnosis, but
may not be apparent in liquid-based samples. In these cases a diagnosis of “At least
HSIL, suspicious for invasive squamous cell carcinoma” should be considered.

Biomarkers
A variety of immunohistochemical markers, in situ hybridization platforms, and
molecular assays have been utilized as adjuncts in the diagnosis of squamous
intraepithelial neoplasia. These biomarkers are applied both for diagnosis (e.g., to
confirm the presence of HPV infection and/or the presence/degree of dysplasia) and
prognostic purposes (e.g., predicting the likelihood that a lesion will progress). The
diagnostic utility of a variety of biomarkers has been well established; prognostically
useful biomarkers, however, are more difficult to come by. These biomarkers can be
applied to both cytological and histological samples, with varying strengths and
applicability in each setting.

Immunohistochemistry
p16
p16 immunohistochemistry is the most widely enlisted biomarker in the uterine cervix.
p16 protein is thought to accumulate in the setting of transcriptionally active HPV
infection as a response to unchecked proliferation due to the viral E7 oncoprotein’s
interference with the tumor suppressor protein retinoblastoma (pRb). It is therefore
important to note that high-risk HPV does not interfere directly with p16, nor is p16
mutated in these cancers: rather, p16 overexpression serves as a proxy for downstream
molecular changes. As such, p16 should not be considered a globally specific marker of
HPV infection; indeed, this tumor suppressor protein can be overexpressed in a variety
of non-HPV-related malignancies such as myometrial leiomyosarcoma. However, it has
strong specificity for the presence of a high-risk HPV-driven lesion in the appropriate
anatomic context (mainly, the mucosa of the anogenital tract and the oropharynx).



p16’s utility in anogenital locations is chiefly in the diagnosis of high-grade
dysplasia. It is most often performed on tissue sections but has occasional (and
potentially growing) utility in cytology preparations [28]. Although some early studies
suggested that p16 may be able to differentiate between LSIL and its benign/reactive
mimics that has not borne out in subsequent works, which showed unreliable p16
marking in histologically unequivocal CIN1 and frequent patchy, blush-like staining in
morphologically benign epithelia [25] (Fig. 6.12). Such focal, predominantly
cytoplasmic staining should be considered negative. In contrast, the presence of
confluent groups (e.g., >5–6 cell thickness) of cervical epithelial cells with nuclear
and/or nuclear and cytoplasmic p16 positivity has robust sensitivity for HSIL and can
aid both in upgrading cases at the CIN1/CIN2 interface and confirming dysplasia in
cases of possible HSIL with a differential of atrophy or metaplasia [22, 27] (Figs. 6.13
and 6.14). The LAST recommendations therefore advocate the use of p16
immunohistochemistry in all cases of suspected CIN2 as well as cases with a
differential diagnosis of CIN3 vs. benign (atrophy, squamous metaplasia, etc.) [12]. The
LAST report defines p16 positivity as “continuous strong nuclear or nuclear plus
cytoplasmic staining of the basal cell layer with extension upwards involving at least
1/3 of the epithelial thickness. The latter height restriction is somewhat arbitrary but
adds specificity.” This type of positivity is often referred to as “block type.” Note that
cytoplasmic staining alone is considered negative.



Fig. 6.12 p16 in LSIL. LSIL shows variable staining with p16, with some cases showing completely negative or only
blush-like occasional staining (which is considered negative) ((a, b), H&E and p16, respectively) and others showing
strong, block-like positivity extending into the middle epithelium ((c, d), H&E and p16, respectively)

Fig. 6.13 p16 in CIN1 vs. CIN2. p16 immunostaining is recommended by LAST [12] in cases at the CIN1/CIN2
interface, but is not always a perfect stratifier. This challenging case shows predominantly koilocytic atypia more



suggestive of LSIL but some higher-riding atypical mitotic figures concerning for HSIL (a). However, p16 is negative
with only blush-like cytoplasmic positivity (b), a pattern that would argue against HSIL. Of note, unequivocal p16
positivity was present elsewhere in this case; therefore, a diagnosis of HSIL was ultimately rendered

Fig. 6.14 p16 in HSIL vs. reactive/metaplastic epithelium. p16 immunostaining is also of value for confirming HSIL in
cases with a differential diagnosis of reactive, metaplastic, or atrophic changes. Although very mitotically active, this
HSIL case has a somewhat metaplastic appearance with more abundant cytoplasm than is typical of dysplasia, as well
as the very well-demarcated cytoplasmic edges characteristic of dysplasia (a). Furthermore, the background is
inflammatory, and nucleoli are focally prominent, invoking the possibility of a reactive process. However, the strong
diffuse nuclear p16 positivity extending throughout the epithelium permits unequivocal classification as HSIL (b)

Although the diagnostic value of p16 immunohistochemistry in the uterine cervix is
well established in these scenarios (e.g., diagnosis of CIN2 and CIN3 vs. mimics), p16
falters when it comes to prognostication. In recent years there has been considerable
interest in identifying biomarkers that can predict which LSIL lesions will progress to
HSIL. This small subset of cases (roughly 10% of LSIL) presents considerable
managerial difficulty as it necessitates close clinical follow-up and has prompted
consideration of excision for all LSIL, despite the fact that the vast majority of these
cases will resolve spontaneously without intervention.

Although initial studies suggested that p16 immunostaining may have a role in
flagging the subset of LSIL cases that will progress to HSIL, these studies had
incomplete disease ascertainment and poor control for interpretive variability, which is
known to be considerable at the CIN1/CIN2 interface [19, 29, 30]. Subsequent works—
including a recent study of LSIL/CIN1 expert-adjudicated cases—have deflated this
promise, and at this point p16 is not considered a reliable prognostic marker in LSIL
cases [22, 26, 31, 32].

ProExC
ProExC has been investigated as another immunohistochemical marker of cervical



intraepithelial lesions. This immunomarker contains antibodies against topoisomerase II
alpha and minichromosome maintenance 2 proteins, both of which can be overexpressed
in a variety of neoplasms including cervical dysplasias and carcinomas. It showed
initial promise as a useful adjunct to p16 staining in tissue sections of difficult
squamous cervical lesions [33–35] but has in practice failed to provide significant
added value to p16. That said, it can be enlisted in cases with equivocal morphology
and p16 results.

Ki67
The proliferative marker Ki67 has also been enlisted as an ancillary test in the
diagnosis of cervical neoplasia [36]. It has some value in limited diagnostic samples,
where its negative predictive value can prevent unnecessary colposcopy [37], and may
be useful in conjunction with p16 for morphologically equivocal cases. It has no clear
utility, however, in the triage of morphologic CIN1 cases [38].

CK7 and Other SCJ Markers
Cytokeratin 7 (CK7) has appeared more recently as a putative prognostic marker in
tissue sections of cervical intraepithelial neoplasia; its role in cytological specimens
has not been investigated. CK7 is thought to mark a biologically distinct
squamocolumnar junctional (SCJ) cell population which represents the putative origin
of HSIL [39, 40]. Herfs, Crum, and colleagues have done meticulous work on the
presence and behavior of this cellular subset and drew on their findings to position CK7
as a potential stratifier for LSIL cases, with CK7 marking the subset more likely to
progress to HSIL. The prognostic significance of CK7 has borne out in preliminary
studies from our laboratory but only after rigorous definition of what constitutes CK7
positivity (“diffuse” staining only, i.e., block-like positivity with a thickness of at least
five to six contiguous cells) [41]. Larger studies are required before this biomarker
should be enlisted in the clinical setting, but it holds initial promise. A variety of other
markers (including CK17, p63, and MMP7) have also been posited as SCJ markers, but
CK7 is thus far the most thoroughly validated of this group [42, 43].

In Situ Hybridization (ISH)
HPV DNA ISH
Theoretically all CIN should be HPV positive; therefore, in situ hybridization (ISH) for
HPV DNA is an appealing adjunct for the diagnosis of these lesions. However, HPV
DNA ISH has historically shown robust specificity but less-than-optimal sensitivity for
the detection of high-risk HPV, with poor detection in cases with low viral copy
numbers [34]. It also performed inferiorly to p16 in differentiating HSIL vs. benign



mimics [27]. No doubt these defects in sensitivity can be attributed to a variety of
technical factors such as limited probe types and other analytical variables.
Nevertheless, HPV DNA ISH had value as an adjunct to H&E in improving the
specificity, particularly in the minimization of false-positive CIN1 results [44].

HPV RNA ISH
As noted above DNA ISH is an imperfect proxy for clinically significant infection, that
is, transcriptionally active HPV. An HPV RNA ISH assay that can be performed on
formalin-fixed, paraffin-embedded tissue has therefore been much sought after in this
field. The last 2 years have seen the emergence of such assays, and early investigations
of their sensitivity and specificity have shown great promise. Other studies of HPV
E6/E7 RNA ISH patterns may be able to effectively stratify CIN [45]. Further validation
of HPV RNA ISH assays is needed prior to their enlistment in the routine practice
setting, and these efforts should be expedited given the clinical need for better assays to
assign HPV as an etiological agent for a given pathological sample.

HPV Molecular Assays in Solution
HPV detection by PCR or other similar methods are the only biomarker techniques that
can be applied to patient material which is suspended in solution; all the previously
discussed IHC and ISH biomarkers are applied directly to tissue/cells of interest,
allowing correlation between morphology and biomarker positivity, maximizing
specificity. While PCR-based assays are most common, other solution-based assays are
also available such as HPV RNA and Hybrid capture.

PCR and other amplification assays can maximize sensitivity by detecting HPV even
in the absence of cytological/histological changes. Its specificity is therefore potentially
quite low, as HPV infection often occurs transiently and without associated neoplastic
transformation. This makes HPV PCR an attractive primary screening test for Pap
specimens where it has been approved by the US Food and Drug Administration (FDA)
as an initial testing modality, with reflex to cytology when positive. This algorithm
remains somewhat controversial, and there is ongoing discussion about the use of HPV
PCR as a lone primary screen versus up-front co-testing with HPV PCR and cytology
[46].

Genetic Features
The oncogenic mechanism of high-risk HPV is well established and discussed in great
detail elsewhere. Briefly, the viral oncogenes E6 and E7 become upregulated with
integration into the host genome or through other genetic mechanisms. Their protein
products interfere with the tumor suppressor proteins p53 and retinoblastoma (pRb),



leading to unchecked cellular proliferation. These inciting changes lead to an
accumulation of genetic abnormalities with increasing numbers and severity of
alterations with worsening dysplasia grade. For instance, the relative genetic instability
of HSIL is demonstrated by the fact that LSIL lesions are typically DNA stable with
euploid or polyploid nuclei, whereas HSILs typically exhibit aneuploidy [47]. HPV
DNA integration is detected more often in HSIL than LSIL and is thought to be critical
for progression to invasive cancer, with high-grade and invasive lesions often showing
multiple integration events [48]. HSILs also more often show genetic anomalies
characteristic of cancer, such as 1p and 3q chromosome abnormalities, when compared
to LSIL [47]. C-myc copy numbers are increased in HSILs and indicate a low
probability of dysplastic regression among LSILs [44, 49, 50].

There is little clinically useful information related to host genetic variables and
LSIL. Although there is no strong evidence for a heritable susceptibility to HSIL, some
investigations have suggested HLA variation, and TP53 codon 72 polymorphisms might
play a role in rendering patients vulnerable to high-grade dysplasia [51–54].

Clinical Course and Management
Screening and management practices are discussed in detail in Chaps. 3 and 4 of this
text, and the most up-to-date US guidelines for the management of cervical squamous
dysplasia can be obtained from the ASCCP. However, some nuances of these practices
warrant discussion here within the context of the behavior of squamous intraepithelial
lesions and the diagnostic and prognostic uncertainty that sometimes attends their
diagnosis.

In general and in keeping with biological behavior, the management of LSIL allows
considerable room for “watchful waiting,” whereas HSIL management is more
aggressive. Prognosis of all dysplasia grades can be negatively influenced by factors
such as smoking and immunosuppression, with particularly high rates of persistence
among patients with human immunodeficiency virus (HIV).

LSIL Behavior/Management
Current clinical management of LSIL is driven largely by the small percentage (~10%)
of cases that “progress” to HSIL [55–57]. The vast majority of LSILs will resolve
without excisional intervention within approximately 12 months, although it is notable
that teasing out true regression from removal due to “therapeutic biopsy” can be
difficult. However, with the exception of very young women, it is not acceptable to
leave LSIL patients unmonitored for long durations because of the subset who will go on
to develop HSIL lesions. It is unclear whether these represent true progression vs.
initially unsampled lesions, and it bears reinforcing that an LSIL surgical biopsy result



should never simply negate a HSIL or ASC-H cytology result. As discussed in the
“Biomarkers” section, there is considerable interest in the identification of ancillary
tools to aid in the prognostic stratification of LSILs, but as of yet clinically validated
markers are lacking.

HSIL Behavior/Management
The management of HSIL is guided by its relatively high propensity to eventually
progress to invasive cancer. While HSIL more often occurs in older patients when
compared to LSIL, this does not necessarily mean that HSIL invariably takes a long time
to develop. HSIL has been documented within 1–2 years of initial HPV infection among
adolescents, suggesting that it can manifest relatively rapidly [58]. HSIL is estimated to
progress to invasive carcinoma at a rate of 0.5–1.0% per year, with invasive cancers
diagnosed up to two decades later—and, on average, one decade later—than in situ
lesions [59]. Although a large proportion of untreated HSIL are likely to progress to
invasive cancer, HSIL nevertheless represents a non-obligate precursor to invasive
cancer, with reported regression rates ranging from 30% to 50%. However, these
numbers may be considerably inflated by the potential for therapeutic biopsy in a large
proportion of these presumably “regressed” cases, as well as contamination by CIN1
cases misclassified as CIN2.

Another somewhat controversial issue in the management of HSIL is whether or not
CIN2 and CIN3 should ever be treated differently. Although our understanding of their
biological underpinnings and behavior supports the collapse of CIN2 and CIN3 into a
single managerial category (HSIL), differentiation between moderate and severe
dysplasia sometimes becomes important in women with HSIL who are willing to accept
some risk of progression in order to maintain fertility. There is evidence that LEEP
increases rates of miscarriage and preterm labor (although these risks are lower than
was previously thought); therefore, one could argue for less aggressive excision in
women who wish to maximize childbearing potential [60, 61]. In such cases, less
aggressive interventions may be allowable for a diagnosis of CIN2. However, such
differential management for CIN2 and CIN3 must be performed with considerable
caution and awareness of the considerable interpretive variability that attends the
classification of these lesions.
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Abstract
Squamous cell carcinomas constitute the vast majority of all cervical cancers. Unlike
vulval squamous carcinomas, these are almost invariably human papillomavirus (HPV)
mediated, and the incidence worldwide varies widely, largely depending on the
presence of a universal screening programme for detecting precancerous changes and/or
genitally transmitted high-risk HPV. Although a range of morphologically defined
“subtypes” is listed in the WHO classification, these generally have no bearing on
management or behavior; similarly there is no universally accepted grading system with
direct prognostic relevance. It is far more important to diagnose these tumors accurately,
as there are a number of mimics with clinical implications. Most important of all is to
assign the correct clinicopathological stage, an exercise directly dependent on
pathological assessment; at the earlier stages, generally in screen-detected lesions, the
challenge is to measure lesions accurately and reproducibly so the patient is
appropriately managed and neither over- nor undertreated. In this regard it is important
to clearly delineate those cases of invasive cancer that can be managed conservatively
based on current evidence. At the higher stages, the pathologist must determine whether
there is microscopic parametrial or vaginal involvement not detected on clinical
examination, in addition to the presence and extent of nodal involvement, and the careful
assessment of radical surgical specimens including exenterations for the status and
clearance of margins. These aspects will be discussed in this chapter.
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Definition
Squamous cell carcinoma (SCC) of the cervix is defined by the WHO (2014) as an
invasive epithelial tumor composed of squamous cells of varying degrees of
differentiation.

Etiology
The vast majority of cervical SCC is HPV-related. However, non-HPV-related cervical
SCC is reported [12]. Although cervical adenocarcinomas are two- to threefold more
likely to be HPV negative, 2.9–13% of squamous carcinomas are reported to be HPV
negative [21, 95]. This is relevant as, in common with other disease sites such as the
head and neck and vulva, non-HPV-related cervical carcinomas show reduced disease-
specific survival [95].

Clinical Features
The introduction of screening dramatically reduced the incidence and mortality of
cervical cancer [67], with further decline likely as a result of HPV vaccination
strategies. In the UK about 1:135 women develop cervical cancer [9], and more than
85% of these are SCC [32, 91, 103]. Preinvasive and early invasive disease are
diagnosed through screening, as these are asymptomatic.

Depending on tumor stage, cervical carcinoma may present with:
Abnormal Pap smear (and colposcopic findings)
Bleeding disturbances and vaginal discharge
Renal obstruction
Pain
Features of lymphedema

There is no difference in presentation between different histological types. More
than 60% of patients present with carcinomas confined to the uterine cervix (FIGO stage
IB) or locally advanced disease with vaginal (FIGO IIA) or parametrial/mesometrial
involvement (FIGO IIB; [32, 91]). In these patients, vaginal bleeding is the most
common symptom, occurring as intermenstrual or postcoital bleeding. Visible tumors at
gynecological examination present as exophytic, endophytic, or polypoid lesions (Fig.



7.1). Exophytic tumors with or without ulceration are more common than endophytic,
barrel-shaped tumors.



Fig. 7.1 Macroscopic features of squamous cell carcinoma of the uterine cervix (most specimens are opened at the
12 o’clock position with scissors). (a) Radical hysterectomy after previous conization procedure. Note the ulceration
within the cervix (asterisk). There is no visible tumor, so the ecto- and endocervix should be completely processed. (b)
Radical hysterectomy (total mesometrial resection (TMMR) technique) with a small ulcerated tumor between 3 and 10
o’clock. (c) Large polypoid exophytic carcinoma with circumferential growth. (d) Large ulcerated carcinoma involving
the whole circumference of the cervix. (e) Ectocervix with a small polypoid and ulcerated carcinoma between 6 and
12 o’clock. (f) Frontal cut of a radical hysterectomy (same case as pictured in (e) confined to the cervix. (g) Radical
hysterectomy (TMMR technique) with a large mostly endophytic growth tumor (barrel-shaped) with smooth outer
appearance of the ectocervix. (h) Radical hysterectomy (TMMR technique) in pregnancy and small carcinoma
confined to the cervix. (i) Magnetic resonance imaging (MRI) of a large cervical SCC (Courtesy of Dr. Gudrun Borte,
University Hospital of Leipzig). (j) Radical hysterectomy (TMMR technique) from the same patient pictured in (i) with
a bulky ulcerated carcinoma

Regardless of screening strategies, about one fourth of patients present with
advanced stage disease (FIGO ≥IIIA; [32, 91]). In this cohort, bleeding disturbances
may become more continuous and may be accompanied by malodorous discharge.
Because of its embryonal development, cervical cancer preferentially grows within the
parametria/mesometria [36], which causes obstruction of the ureter by narrowing the



lumen or direct infiltration resulting in flank pain or even renal failure. Infiltration of the
pelvic tissues may provoke pain, frequently within the pelvis or leg, caused by organ
obstruction, local inflammatory response, and infiltration of the perineurium or
lumbosacral nerve ganglia. Additionally, pedal edema may occur due to lymphatic and
venous obstruction and may indicate pelvic lymph node involvement.

Macroscopic Appearances (Fig. 7.1)
SCC may be located in the ecto- or endocervix. The principal macroscopic appearance
is that of an exophytic or endophytic growth, with or without superficial ulceration. A
primarily endocervical localization may produce a barrel-shaped appearance. Deep
stromal invasion results in a hard consistency. In locally advanced cases, infiltration of
the resected vaginal cuff may be present, and involvement of the adjacent para-
/mesometrial tissue may be palpable. Macroscopically, there are no differences
between the different histological types (adenocarcinoma versus squamous cell versus
neuroendocrine carcinomas).

Microscopic Appearances
Histopathological Tumor Types
There are several variants of SCC of the uterine cervix [103, 113], some of which cause
diagnostic challenges or show prognostic importance as discussed under individual
subheadings below. The WHO classification defines the following subtypes of SCC
[108]:

Keratinizing SCC
Non-keratinizing SCC
Papillary SCC
Basaloid SCC
Warty-type SCC
Verrucous SCC
Squamotransitional SCC
Papillary SCC
Lymphoepithelioma-like SCC

The International Collaboration on Cancer Reporting (ICCR) recommends that
subtyping of cervical SCC is not required, as this does not influence treatment decisions



[50].

Non-keratinizing SCC
Non-keratinizing SCCs (7.2) are the most common, composed of polygonal squamous
cells without keratinization [108]. The cells grow in anastomosing cords or nests with a
round, angulated, or spiky appearance. The cells are oval to polygonal, often with an
eosinophilic cytoplasm; cell borders may be indistinct and are sometimes prominent
with intercellular bridges. The nuclei may be uniform with a coarse and granular
chromatin with or without nucleoli but may display considerable pleomorphism. The
mitotic count is variable. As seen in other carcinomas and in adenocarcinoma of the
uterine cervix [96], there exist different patterns of invasion [40, 47] which may
represent different degrees of tumor cell dissociation (Fig. 7.3). There is typically a
peritumoral stromal response, which may vary with different invasive patterns. Many
tumors are accompanied by peritumoral inflammatory response (Figs. 7.2 and 7.3),
which is more often seen in tumors with a fingerlike pattern of infiltration. Tumors with
spray-like pattern of invasion on the other hand may show a strong peritumoral
desmoplastic response (Figs. 7.2 and 7.3). The cell size is variable; earlier
classification separated a large cell non-keratinizing SCC from a small cell variant
[93]. The use of the term “small cell” non-keratinizing SCC in the pathology report is
not recommended [108] to avoid confusion with small cell neuroendocrine carcinoma, a
subtype associated with very poor prognosis [29]. In rare instances SCC may be mixed
with a true small cell neuroendocrine carcinoma [29, 40]; the majority of mixed
neuroendocrine carcinomas being associated with adenocarcinoma [29, 40].





Fig. 7.2 Morphological spectrum of non-keratinizing and keratinizing squamous cell carcinoma (SCC). (a)
Colposcopy-guided biopsy containing a non-keratinizing SCC, (b) low-power view of a non-keratinizing SCC with
fingerlike pattern of invasion and strong peritumoral desmoplastic reaction and weak inflammatory response, (c) high-
power view of a non-keratinizing SCC with fingerlike pattern of invasion without peritumoral desmoplastic reaction but
moderate inflammatory response, (d) low-power view of a non-keratinizing SCC with mixed fingerlike and spray-like
patterns of invasion and without peritumoral inflammatory response but strong desmoplastic reaction, (e) high-power
view of a non-keratinizing SCC with peritumoral retraction artifacts, (f) inked resection margin of a hysterectomy
specimen. The distance between the leading edge of the tumor and the margin is marked by a double-headed arrow;
(g) example of keratinizing form of high-grade intraepithelial lesion involving an endocervical gland (h) keratinizing
SCC



Fig. 7.3 Growth patterns and peritumoral stromal alterations (stromal remodeling) of squamous cell carcinoma of the
uterine cervix: (a) closed or pushing pattern of invasion with cohesive tumor growth with well-delineated but infiltrating
borders and “pushing” margins with a weak peritumoral inflammatory response, (b) fingerlike growth pattern with
trabecular tumor growth in solid cords and cell groups with rounded edges, accompanied by a strong peritumoral
inflammatory response with lymphocytes. Note that the inflammatory response is peritumoral and not intratumoral as
seen in lymphoepithelioma-like carcinomas (see Fig. 7.7), (c) spray-like pattern with tumor growth in very small groups
of infiltrating cells with sharpened tips with a strong peritumoral desmoplastic stromal reaction but no inflammatory
response

On occasion, non-keratinizing SCC may show a deceptive "CIN 3-like" pattern,
comprising islands of atypical squamous epithelial cells with well-circumscribed edges
and a central luminal space filled with debris or occasionally keratin [3] (Fig. 7.4).
These may be misdiagnosed as CIN 3 involving crypts. Features useful in distinction are
the extent beyond the crypt field in the adjacent cervix, the presence of usual infiltration
in other areas, and/or the presence of a mass lesion. The distinction is important as
under-recognition can result in undertreatment, and there has been a report of a case
with an unusual and late pattern of recurrence [121].



Fig. 7.4 (a) SCC invading in a pattern resembling CIN 3: the invasive islands have rounded edges with peripheral
palisading but extend deeper than the crypt field, (b) conventional invasion comprising cells with eosinophilic cytoplasm
forming islands with irregular edges is also present

Since non-keratinizing SCC represents the commonest histological subtype of
cervical SCC and shows no special morphology, in the authors’ opinions, this may be
designated as SCC, not otherwise specified (NOS).

Keratinizing SCC
Keratinizing SCC (Fig. 7.2h) is less common than its non-keratinizing counterpart. This
is characterized by morphological evidence of keratinization in the form of keratin
pearls or intracytoplasmic keratinization. The cells and nuclei are usually larger and
hyperchromatic with a coarse chromatin and lack easily seen nucleoli. There may be a
correlation with ectocervical localization and the keratinizing form of CIN (Fig. 7.2g).
It is possible, as in vulval carcinomas, that keratinization may indicate HPV-
independent SCC [12].

Basaloid SCC
Basaloid SCC (Fig. 7.5) is HPV related [30] and composed of nests of immature small
oval cells with scanty cytoplasm and dark nuclei, resembling cells seen in CIN 3 and
showing brisk mitotic activity. Some cytoplasmic keratinization may occur but keratin
pearls are not seen. The majority of tumors demonstrate geographical or comedo-like
necrosis. Because of its aggressive behavior [30], the WHO classification considers
basaloid SCC as a high-grade tumor (grade 3; [108]). Immunohistochemically, basaloid
SCCs are positive for p16, cytokeratin 34βE12, and, sometimes, neuroendocrine
markers, but negative for TTF-1 [30, 68]. The main differential diagnosis is with small
cell neuroendocrine carcinoma (SCNEC). Immunohistochemically, SCNEC shows
positivity for p16, neuroendocrine markers, and TTF-1 but is negative for cytokeratin



34βE12 [29, 30, 39, 40, 68].

Fig. 7.5 Basaloid neoplasms of the uterine cervix (a, b) adenoid basal cell carcinoma: proliferation of cords and bands
of bland-appearing basaloid cells with central gland formation. (c, d) Basaloid squamous cell carcinoma: nests of
immature basal-type cells with peripheral palisading accompanied by comedo-like necrosis, some pleomorphic cells
(arrows) and focal keratinization (asterisks)

Adenoid basal carcinoma (ABC; Fig. 7.5) of the cervix is composed of small,
monomorphic, basaloid cells that are p16 positive, forming rounded nests or cords.
Some adenoid formations may be seen containing necrotic debris. Contrary to basaloid
SCC, there is no geographic/comedo necrosis and low mitotic activity. The tumors may
be associated with another carcinoma subtype. Pure ABCs have a favorable prognosis
[5], while mixed tumors share the prognostic outcome of the non-ABC component.

Verrucous SCC
Verrucous SCC is a distinct type of highly differentiated SCC which is similar



morphologically to its much more common vulval counterpart. This has a favorable
prognosis [17, 31] and is distinguished from keratinizing SCC by the absence of nuclear
atypia and destructive stromal invasion. The tumor characteristically shows a pushing
border and a hyperkeratotic undulating surface, resembling condyloma and
condylomatous SCC (see next).

Warty/Condylomatous SCC
Warty/condylomatous SCC typically shows a warty surface and a low-power
architecture analogous to condyloma [108]. Morphologically it resembles its vulval
counterpart [84]. The cells show keratinization and koilocytic atypia.

Squamotransitional/Transitional and Papillary SCC
Squamotransitional/transitional SCCs have a papillary architecture with fibrovascular
cores covered by cells resembling CIN 3/HSIL [56, 57]. Rare cases of pure transitional
cell carcinoma have been reported [1] that are indistinguishable from their urological
counterparts. However, most of these tumors represent malignant squamous elements.
The evidence relating transitional cell metaplasia of the uterine cervix [83, 119] and
squamotransitional SCC is controversial.

Papillary SCCs consist of fibrovascular papillae with different thickness, covered
by an epithelium representing CIN 3-like morphology. They differ from warty SCC by
the lack of Bowenoid morphology and from squamotransitional SCC by their more overt
squamous differentiation.

Squamotransitional and papillary SCC can be diagnostically challenging in small
biopsies because invasion may not be seen within the stroma included in the slender
fibrovascular cores present in biopsies, and sampling of deeper tissues is precluded by
the papillary surface of the tumor (Fig. 7.6). The typical appearance with papillary
architecture and small fibrovascular cores covered by CIN 3-like squamous epithelium
favors the diagnosis of this cancer subtype, which should be raised even if stromal
invasion is not seen. Correlation with the clinical appearance of a visible (papillary-
exophytic) tumor of the uterine cervix is helpful. In doubtful cases re-biopsy or even
conization may be necessary to establish the diagnosis of invasive carcinoma [56, 82].
Regardless of the sometimes superficial infiltration of squamotransitional and papillary
SCC, the tumor should be staged according to the whole tumor size [2]. Because of its
rarity, the prognostic impact of squamotransitional and papillary SCC is controversial
[2, 22].



Fig. 7.6 Papillary squamous cell carcinoma of the uterine cervix. Cervical curettage specimen containing fragmented
tissue 1.5 cm in diameter from a 69-year-old postmenopausal patient. The radical hysterectomy specimen contained a
2.4 × 1.9 × 2 cm well-differentiated papillary squamous cell carcinoma staged pT2b pN0 (0/36) MX L0 V0 Pn0, R0.
(a) Fragmented tumor tissue with thin papillae resembling papillary noninvasive urothelial carcinoma. (b, c) Papillae
covered by epithelium similar to high-grade squamous intraepithelial lesion. No invasion can be seen

In the authors’ opinion, squamotransitional and papillary SCC should be regarded as
a single category of (non-keratinizing) SCC with a papillary growth pattern, for several
reasons. Firstly, both tumors morphologically differ only by the presence/degree of
squamous differentiation, which is almost always CIN 3-like and challenging to grade;
furthermore it may be more relevant to grade the deeper infiltrative component.
Secondly, mixed forms have been reported, and it is likely that these terms are used
interchangeably [56]. Thirdly, they share HPV 16-mediated etiology with other types of
SCC [6, 22]. Fourthly, they share diagnostic difficulties in relation to sampling and
recognition as above; a common term would encourage recognition and alert the



pathologist and clinician. Fifthly, this would remove the potential for confusion with
origin from the urogenital tract. Finally and most importantly, their separation has no
therapeutic implications.

Lymphoepithelioma-Like SCC
Lymphoepithelioma-like SCC (Fig. 7.7) bears a striking resemblance to its
nasopharyngeal counterpart. This is a very rare tumor with high-grade morphology but a
more favorable prognosis than keratinizing SCC, NOS [72, 110]. It is composed of ill-
defined islands of undifferentiated squamous cells, associated with a marked
lymphocytic, sometimes eosinophil-rich, infiltrate surrounding and infiltrating the tumor
islands [80, 98]. The tumor cells have poorly defined cell borders, eosinophilic
cytoplasm, and uniform vesicular nuclei with prominent nucleoli. The tumors are HPV
related with no association to EBV infection [13, 98].

Fig. 7.7 Lymphoepithelioma-like carcinoma of the uterine cervix. (a) Poorly delineated islands of poorly differentiated
squamous cells, accompanied by dense lymphocytic infiltration peri- and intratumoral (compare to Fig. 7.3b, non-
keratinizing squamous cell carcinoma with strong peritumoral inflammatory response). (b) Strong p16 immunostaining
of the tumor cells. (c) The lymphocytic infiltrate shows positive staining for leukocyte common antigen (LCA)

Main Differential Diagnoses of SCC
Some of the lesions that may cause diagnostic problems in colposcopy-guided biopsies
are listed below. Useful immunohistochemical markers in this setting are summarized in
Table 7.1.

Table 7.1 Immunohistochemical stains for the main differential diagnoses for squamous cell carcinoma of the uterine
cervix [11, 27, 59, 63, 69, 74, 78, 86, 112, 118]



Cytokeratins PAX-
8

p16 GATA-
3

p63 LCA Desmin Myogenin HMB-45,
melan-A

Tumors with a “squamous appearance”
SCC non-
keratinizing

+ve for: CK 7, CK
5/6,
CK 17, pan-CK

+ +a −/+d + − − − −

TCC (bladder) +ve for: pan-CKs
CK 7, CK 20, CK
5/6

+ +/− + + − − − −

AC and ASQ G3 +ve + + − − − − − −
Glassy cell CX +ve + + − − − − − −

Large cell NECb +/− ?? + − −/+ − − − −

Malignant
melanomac

+/− (CK 7 –ve) − +/− − − − − − +

ETT + (esp. CK 18) ?? − + + − − − −
Ductal breast
cancerd

+ve (CK 18) − −/+ +/− −/+ − − − −

Tumors with a small round blue cell appearance
Lymphoma − − − − − − − − −
Non-keratinizing
SCCe

+ve, see above + + −/+d + − − − −

Small cell NECb −/+ +/− + − − − − − −

Embryonal RMS − ?? − − − − +
(cytoplasmic)

+
(nuclear)

−

Lobular breast
cancerd

+ − −/+ +/− − − − − −

SCC squamous cell carcinoma, TCC transitional cell carcinoma, CX cervical
carcinoma, NEC neuroendocrine carcinoma, RMS rhabdomyosarcoma, AC
adenocarcinoma, ASQ adenosquamous carcinoma, ETT epithelioid trophoblastic tumor
aRare cases of HPV-negative SCC may be –ve
bNEC may be positive for a variety of cytokeratins and some large cell NEC stain for
p63. The best markers for neuroendocrine differentiation are CD56 and synaptophysin.
Primary and secondary NEC may be positive for TTF-1. Primary cervical small cell
NEC is associated with high-risk HPV infection and stains diffusely and strongly
positive for p16. The knowledge of PAX-8 expression is very limited in small and large
cell NEC of the female genital tract
cPrimary or secondary melanomas are positive for S-100, HMB-45, MART-1 (melan-
A), and MiTF



dGATA-3 expression shows a strong correlation with estrogen receptor positivity. The
majority of triple negative breast cancers and breast cancers with basal cell
characteristics are negative. Some breast cancers are positive for p63. Invasive lobular
cancer is almost always E-cadherin negative. Knowledge of GATA-3 in SCC is limited,
but approximately 33% of the cases are positive. A subset of breast cancer with basal-
like phenotype is positive for p63, vimentin, and CK 5/6
eSome non-keratinizing SCCs may consist of small cells mimicking small cell NEC,
leading to a differential diagnostic challenge

Lesions Mimicking Invasive Disease (Fig. 7.8)
Tangential cutting of (immature) metaplastic squamous epithelium and decidual
change of cervical stroma. Both lesions have no nuclear atypia and low levels of
mitotic activity. p16 is negative and decidual cells are positive for vimentin.
Squamous epithelial hyperplasia with pseudoinvasion is a lesion that most
commonly occurs within the ectocervix and represents a reactive change; this
harbors no nuclear atypia, shows low mitotic activity, and is negative for p16.
Placental site nodule (PSN) may mimic a squamous lesion because of its
eosinophilic appearance and sometimes marked (regressive) nuclear
pleomorphism. The intermediate trophoblastic cells of PSN are positive for CK
8/18 and GATA-3 as well as HPL, whereas CIN and SCC are negative. p16 may
show focal patchy positivity in PSN as opposed to block staining.
CIN 3 with extensive endocervical gland involvement can be mimicked by a rare
but challenging pattern of invasion in SCC and is discussed in the paragraph of the
morphologic appearance of non-keratinizing SCC (see above).





Fig. 7.8 Morphological mimics of early stromal invasion in SCC, (a) pseudoinvasion by elongated and thickened
squamous epithelium protruding into the cervical stroma. Note the well-defined basal cell layer and the absence of
cellular pleomorphism, (b) pseudoinvasion due to reserve cell hyperplasia and immature squamous cell metaplasia
within an endocervical crypt showing squamous metaplasia, (c) extensive involvement of endocervical glands by CIN 3
mimicking invasive disease; note the round and smooth outline of the squamous islands without any stromal response,
(d) higher magnification of c shows residual glandular epithelium at the tip of the endocervical gland, (e–g) stromal
decidualization in pregnancy mimicking invasive SCC; decidualized cells are negative for p16 but positive for vimentin,
(h) placental site nodule mimicking fragments of non-keratinizing SCC

Differential Diagnosis of Invasive Lesions
Transitional cell carcinoma (TCC) of the urinary bladder may invade the uterine
cervix and may mimic non-keratinizing SCC. Without knowledge of clinical
history, the diagnosis may be challenging. TCCs are positive for p63 and GATA-3
and may show p16 expression (which is in general not diffuse and strong as in
cervical HPV-related SCC). Low molecular weight cytokeratins (e.g., CK 34β-



E12) may not be helpful because these are positive in SCC.
Poorly differentiated adeno- or adenosquamous carcinoma of the uterine cervix can
be distinguished by its negativity for p63. Sometimes adenocarcinomas
demonstrate PAS-positive secretions; very focal PAS positivity may occur in SCC.
Glassy cell carcinoma (Fig. 7.9) is a poorly differentiated variant of
adenosquamous carcinoma characterized by cells with sharp cytoplasmic margins,
eosinophilic cytoplasm with “ground-glass” appearance, and large nuclei
containing prominent eosinophilic nucleoli. Many tumors show a dense
peritumoral inflammatory response containing numerous eosinophils, which is
uncommon in SCC. The tumors are positive for p16, cytokeratins, and MUC-2 but
negative for p63.
Large cell neuroendocrine carcinomas (Fig. 7.10) have a diffuse, organoid
trabecular, or cord-like pattern, similar to the fingerlike pattern of invasion of
SCC, and are composed of cells that have abundant eosinophilic cytoplasm, large
nuclei, and prominent nucleoli. The majority of tumors show areas of dirty tumor
necrosis within the infiltrating tumor cell nests, a pattern not generally seen in
SCC. The majority, but not all, of tumors express neuroendocrine markers and may
be positive for p63 [74]. TTF-1 is not uncommonly positive.
Malignant melanoma (MM) should always be included in the differential diagnosis
in any unusual looking tumor, especially those with prominent eosinophilic
nucleoli. Primary MM within the cervix is exceedingly rare. The presence of
melanin pigment and immunostains for CK 7, p16, and melanocytic markers may
aid diagnosis.
Gestational trophoblastic disease may involve the uterine cervix, and particularly
epithelioid trophoblastic tumor (ETT) may mimic SCC (Fig. 7.11). ETT is
characterized by islands of relatively monomorphic cells with generally abundant
eosinophilic cytoplasm and areas of eosinophilic geographic necrosis [69]. Among
the tumor cells, there are small-sized vessels with normal-appearing vessel walls.
ETT is positive for cytokeratins, especially CK 18 and GATA-3, HPL, inhibin, and
cyclin E, but is negative for p16 and neuroendocrine and melanocytic markers. It
should be noted that p63 stains positive in SCC as well as ETT and is therefore not
useful in distinction. The Ki-67 labeling index is about 10–15% and tends to be
much higher in SCC.
Metastatic ductal carcinoma of the breast may mimic SCC [89]. Clinical data and
the use of GATA-3, mammaglobin, and GCDFP-15 may be helpful. Some breast
cancers are positive for p16 [102] and for p63 [112].
Stratified mucin-producing carcinoma (“invasive SMILE”) represents a recently



described variant of adenocarcinoma [62, 87] that may provoke some differential
diagnostic problems with glassy cell and poorly differentiated SCC. The tumor
cells infiltrate the cervical stroma in the form of nests of stratified, columnar cells
with bland, round to ovoid nuclei without prominent nucleoli. A distinct pattern of
peripheral nuclear palisading is present in the majority of cases [62]. Some
neutrophilic and eosinophilic infiltration may surround the infiltrative tumor nests.
Mucicarmine and/or PAS staining may highlight mucin production. Morphologic
evidence of squamous differentiation in the form of keratinization or intercellular
bridges is not present. Tumor cells stain diffusely positive with p16.

Fig. 7.9 Glassy cell carcinoma. (a, b) Infiltrating cords and bands of large cells with prominent nucleoli and basophilic
pale cytoplasm. Peri- and intratumoral infiltrate rich in eosinophils. (c, d) Tumor cells are positive for CK 5/6 with
peripheral staining and show positivity for p16



Fig. 7.10 Neuroendocrine carcinomas of the uterine cervix, (a, b) large cell neuroendocrine carcinoma with large
islands of cells with scanty cytoplasm but pleomorphic nuclei with some nuclear molding. Within the tumor cell islands,
there is comedo-like necrosis, (c) positive staining for p16 in a large cell neuroendocrine carcinoma, (d) small cell
neuroendocrine carcinoma composed of small cells with scanty cytoplasm infiltrating the endocervical stroma. The
inset shows positive staining for p16



Fig. 7.11 Gestational trophoblastic disease involving the cervix, (a, b) gestational choriocarcinoma within the
endocervical stroma surrounded by hemorrhagic necrosis. Note the syncytiotrophoblastic giant cells (c, d) epithelioid
trophoblastic tumor mimicking non-keratinizing SCC with infiltrative islands of monomorphic cells, surrounded by pale
eosinophilic necrosis. Tumor cells are monomorphic without mitotic figures. There is no peritumoral stromal remodeling

Tumors with a Small Round Blue Cell Appearance
As mentioned above, non-keratinizing SCC may be composed of small cells and
should not be misinterpreted as the following lesions. For immunohistochemical
differential diagnoses, see Table 7.1.
Small cell neuroendocrine carcinomas (Fig. 7.12) may show small areas of dirty
tumor necrosis within the infiltrating tumor cell nests. The majority, but not all, of
tumors express neuroendocrine markers, with CD56 and synaptophysin being the
most sensitive. p63 is almost always negative. TTF-1 is not uncommonly positive
and does not help to exclude a pulmonary primary.
Lymphomas may primarily or secondarily occur within the cervix [59] and should



be included within the differential diagnosis. They are negative for epithelial
markers and p16, but positive for lymphoid markers.
Embryonal rhabdomyosarcoma affects women in their second and third decades.
These present as polypoid lesions with small round or spindle cells with
hyperchromatic dense nuclei. The cells typically show subepithelial condensation
(cambium layer). Tumor cells are positive for vimentin and myogenic markers but
negative for cytokeratins and p16.
Rarely metastatic lobular breast cancer may involve the uterine cervix with a small
round blue cell appearance [89]. As mentioned above, clinical data and the use of
GATA-3, mammaglobin, E-cadherin and GCDFP-15 may be helpful in the
differential diagnosis.

Fig. 7.12 Mixed squamous and small cell neuroendocrine carcinoma of the uterine cervix. (a) Foci of squamous
epithelium within infiltrating small cells with dark blue nuclei and scanty cytoplasm, (b) both components stain positive
for p16

Diagnostic Immunohistochemistry in SCC
There is a wide range of low and high molecular weight cytokeratin (CK) expression in
SCC [105]. Broad-spectrum cytokeratins, such as AE 1/3, MNF 116, and Pan Plus as
well as CK 5/6, CK 7, and CK 17, are positive in SCC [11]. Nearly all SCCs are
positive for p40 and p63 [118] and for p16 [86]. The majority, but not all, of SCCs are
positive for the Müllerian marker PAX-8 [63]. The main differential diagnoses and
helpful immunohistochemical stains are summarized in Table 7.1.

Diagnosis and Measurement of Superficially Invasive



Squamous Cell Carcinoma
Invasive squamous cell carcinoma (SCC) is a lethal disease with a high death toll
worldwide, justifying its treatment by radical measures. Cervical screening, designed to
prevent cervical cancer through detection of precancerous changes, leads to detection of
minimally invasive cases, before they are symptomatic or clinically apparent, which
may not require radical treatment. Various terms have been used in the past to describe
such cases including “early stromal invasion” and “microinvasive carcinoma,” and
there have been many different staging proposals. Despite these attempts various terms
have been used imprecisely and inconsistently, and the measurement and staging of low-
volume disease continues to be problematic, with potential for overtreatment and
undertreatment of individual cases. The use of imprecise terms is strongly discouraged
in favor of universally recommended terms and staging systems [34].

Recently there has been a concerted effort to unify the terminology and reporting
parameters of all HPV-related lower anogenital tract squamous lesions, in recognition
that these have similar biology and management implications [19]. This project, termed
the Lower Anogenital Squamous Terminology (LAST) project, included a working
group that focused on defining criteria for superficially invasive squamous cell
carcinoma (SISCCA), aiming to clearly delineate cases that can be managed
conservatively from those requiring radical treatment. The group identified 1863
publications and drew data from 194, most of which related to cervical disease. They
concluded that the definition of SISCCA differed for different anogenital sites and that
for the cervix SISCCA corresponds to FIGO stage IA1. The presence of vascular
invasion and the pattern of invasion do not influence the FIGO stage of cervical
carcinoma. Conservative options are not recommended for FIGO stage IA2 and beyond.

Diagnosis of Stromal Invasion
In low-volume disease, stromal invasion may be obvious, but is sometimes subtle.
Features that may be helpful in identifying stromal invasion are listed below:

Small, angulated buds of atypical squamous epithelial cells with a more
differentiated or “hypermature” appearance (Fig. 7.13); this phenomenon, termed
“paradoxical” differentiation, is believed to result through an epithelial-
mesenchymal transition(EMT)-like mechanism whereby invading cells acquire
mesenchymal phenotypic and functional alterations that facilitate invasiveness.
Immunohistochemistry for EMT-related markers such as cyclin D1 has been put
forward to facilitate diagnosis of stromal invasion but must be interpreted with
caution.
Invasive buds may be seen in continuity with surface epithelium or gland crypts
involved by high-grade cervical intraepithelial neoplasia/squamous intraepithelial



lesion (CIN/SIL), and these may be single or multiple.

Alternatively they may be detached from any epithelium, at least in the plane of
sectioning, and seen as discrete islands.
Irrespective of whether they are attached or separate, their “hypermature”
appearance is characterized by more abundant eosinophilic cytoplasm than that in
the cells within the CIN/SIL from which they arise.
Nuclei are paler than those of the neighboring high-grade CIN/SIL, tend to be more
vesicular and pleomorphic, and may contain nucleoli; in some cases nuclei may
appear to be blander than those in the adjacent CIN/SIL.
Unlike the orderly basal palisade of high-grade CIN/SIL, these islands exhibit
altered and haphazard nuclear polarity.
Absence or loss of a sharply defined surrounding basement membrane may
facilitate recognition; this may be aided by immunohistochemistry for laminin or
collagen IV.
Dyskeratosis may be present.
Characteristically there is a stromal reaction, which may be inflammatory,
edematous, or desmoplastic; this may be difficult to discern if the adjacent CIN/SIL
is also surrounded by an intense inflammatory reaction.
There are different patterns of stromal invasion, such as a “spray bud” pattern
(which comprises tiny nests of hypermature squamous cells), a confluent pattern,
and a pattern with invasive “tongues”; these patterns do not independently
influence prognosis over and above invasive depth.

Fig. 7.13 Stromal invasion characterized by “paradoxical maturation”; cells with abundant eosinophilic cytoplasm
form nests with irregular edges and a surrounding inflammatory reaction; adjacent noninvasive epithelium shows
regular borders and consists of cells with scanty cytoplasm, a basaloid appearance, and darker, monotonous nuclei



Measurement of Stromal Invasion
Two tumor dimensions are required for FIGO staging: depth and horizontal spread [88];
a FIGO stage IA1 carcinoma is defined as one which:

Is not a grossly visible lesion
Has an invasive depth of ≤3 mm from the basement membrane of the point of origin
Has a horizontal spread of ≤7 mm in maximal extent
Has been completely excised

The definition of SISCCA requires, in addition, three further elements [19]:
A comment for cases with positive margins; this means cases showing the invasive
component at endocervical, ectocervical, or deep margins; a margin positive for
only CIN/SIL of any grade does not negate the diagnosis of SISCCA but should be
mentioned:

– The examined invasive tumor exceeds the dimensions for a SISCCA.
– The examined invasive tumor component is less than or equal to the

dimensions for a SISCCA and concludes that the tumor is “at least a
superficially invasive squamous carcinoma.”

The presence or absence of lymphovascular space involvement (LVSI).
The presence, number, and size of independent multifocal carcinomas (after
excluding the possibility of a single carcinoma) (see below).

FIGO provides some guidance on measuring the depth of invasion, but does not
specify how to measure width, i.e., horizontal spread/lateral extent, or how to deal with
cases showing multiple discrete foci of stromal invasion. It should be noted that tumor
volume is reported to be one of the prognostic factors for early-stage tumors [8, 114]
but is cumbersome to apply in routine diagnostic practice. In everyday practice,
measurement of tumors in two dimensions (depth and maximum width) is an adequate
surrogate for tumor volume. These dimensions should be measured as follows (Figs.
7.14 and 7.15):

Depth of invasion (Fig. 7.14) is taken from the base of the epithelium (surface or
glandular) from which the carcinoma arises, as specified in the FIGO
classification:

– When the invasion is in continuity with CIN/SIL, the measurement is from
the farthest edge of invasion to the base of the CIN/SIL epithelium.

– When the invasive focus is not attached to CIN/SIL in the plane of sectioning



but there is nearby crypt or surface epithelium showing CIN/SIL, the
measurement is from the farthest edge of invasion to the base of the CIN/SIL
epithelium.

– When invasion is seen without any CIN/SIL in the vicinity in the plane of
sectioning, the depth must be measured from the deepest focus of tumor
invasion to the base of the nearest non-neoplastic surface epithelium.

– Inevitably there is potential for over- and underestimation of invasive depth
in cases where the invasive foci are detached from the epithelium of origin.

Horizontal extent should be assessed not only in an individual section but also in
adjacent blocks (Fig. 7.15), and it is the largest horizontal dimension that should be
taken into account for staging purposes.

– For tumors showing a single confluent focus of invasion, a “spray bud”
pattern, multiple seemingly discrete foci arising from a single continuous
complex area of high-grade CIN/SIL involving surface and crypt
epithelium, or a combination of these, the measurement is from one lateral
edge of the invasive component to the other and not limited to individual
confluent areas. This measurement is straightforward if the maximum extent
of disease is included in a single section.

– When there is invasion present in three consecutive sections and ≤7 mm in
any one of these, the lateral extent is taken as likely to represent >7 mm, and
the case should be reported as exceeding the lateral dimensions for FIGO
stage IA1.

– When there is invasion in four or more consecutive sections, the horizontal
extent should be measured on individual sections as well as estimated by
the number of slices involved and the block thickness, and the greater of the
two measurements should be provided in the report.

Multifocal invasion is reported to occur in 12% of invasive carcinomas [7, 20].
When these present as a coalescent confluent lesion, measurement is relatively
straightforward as above; however measurement of lateral extent in cases showing
two, and occasionally more, separate discrete foci of stromal invasion forms a
special category. The foci must be far apart in the same or different blocks,
separated by tissue devoid of any sign of stromal invasion. Levels should be
examined to exclude invasion in intervening foci. An arbitrary minimum distance
of 2 mm between foci has been put forward in two recent studies [20, 75]. Two
methods have been proposed to deal with this situation:

– The first is to add the individual widths of the discrete foci [94]; in practice



this is unlikely to over stage an individual case and provide a good estimate
of tumor volume. It has the potential, however, of overestimating the lesion
in biological terms.

– The second [75] is to state the number and dimensions of individual foci and
stage the case according to the dimensions of the largest. This appears to be
scientifically valid as prognosis in such cases is likely to be determined by
the largest lesion; 22 cases reported in this way with 2–4 discrete foci and
an arbitrary distance of 2 mm between foci showed good clinical outcomes;
had these cases been staged as above, by measuring the distance between
the farthest foci, 50% (11 of 22) would have been categorized as FIGO
stage IB1 and potentially overtreated.

– In the absence of robust randomized and controlled prospective studies, the
second approach is favored [50], as this provides more complete
information. All such cases should be discussed at multidisciplinary
meetings to offer optimized treatment options to each individual case. This
approach also concurs with the recent LAST guidance, which states that the
“presence, number, and size of independent multifocal carcinomas (after
excluding the possibility of a single carcinoma)” should be included in the
pathology report.

Fig. 7.14 Measuring stromal invasion. Depth of invasion is measured from the deepest point of invasion till the base
of the closest intraepithelial neoplastic epithelium, cryptal or surface, from which it arises (b–d), whether it occurs in
continuity with the epithelium (d) or detached from it (b, c). When there is no obvious intraepithelial lesion of origin, the
measurement is to the base of the nearest surface epithelium (a). Horizontal width in non-confluent disease is
measured from the outermost edge of the first focus till the opposite edge of the farthest focus (e); please also see Fig.
7.15 for further details on measuring horizontal extent (Courtesy of Lucas Catalan Galan and Laura Casey)



Fig. 7.15 Measuring tumor width: (a) If the maximum extent of disease is included in a single section, this is
measured as indicated (a). (b) When there is invasion present in three consecutive sections and ≤7 mm in any one of
these, the lateral extent is taken as likely to represent >7 mm, and the case should be reported as exceeding the lateral
dimensions for FIGO stage Ia1. If seen in four slices or more, the maximum width should be measured on a single slice
as well as estimated according to dimensions of the specimen and number of slices involved; the larger of the two
measurements should be used for staging. (c, d) When two, or occasionally more, separate discrete foci of stromal
invasion are seen in the same (c) or different (d) blocks, separated by 2 mm or more of tissue devoid of stromal
invasion, these should be measured as separate foci (c, d), and the larger of the two should be used for staging
(Courtesy of Lucas Catalan Galan and Laura Casey)

It is not possible to draw up guidance for measurement that covers each individual
case, and ultimately the decision on how to measure an individual case rests with the
reporting pathologist. The value of obtaining and examining multiple levels and seeking
additional opinions cannot be overemphasized.

Factors Affecting Prognosis and Staging
A range of morphological factors is reported to have prognostic significance in cervical
SCC [103, 104, 113]; these are briefly summarized below.

Tumor Stage
Stage is the strongest prognostic factor in cervical cancer. It is recommended that both
FIGO and TNM staging systems be applied, as the former does not include lymph node
involvement; these are detailed in Appendix 3. Staging of FIGO stage IA or subclinical



carcinomas is carried out through histological examination. The tumor is measured on
histological sections on an excisional biopsy or hysterectomy specimen according to the
guidance above. Clinically evident tumors, regardless of the manner of presentation, are
automatically FIGO stage IB or higher. Traditionally FIGO staging is carried out
clinically through examination under anesthetic, though in recent years and where
resources are available, this is supplemented by imaging studies, principally magnetic
resonance imaging (MRI).

Tumor Grade
Grading is clearly the most controversial of all the histopathological factors dealing
with prognostic outcome. The major reason for this is the lack of standard criteria.
There is no recommendation for a uniform grading system in the WHO classification of
cervical cancer [108], although it is stated that SCC can be grouped into poorly,
moderately, and well-differentiated tumors (conventional grading) based on the degree
of keratinization (regardless of the nuclear morphology). It is also mentioned that the
prognosis of keratinizing tumors (G1 or G2) is not necessarily better. In clinical
practice, the majority of cervical SCCs do not show keratinization. As a result, the data
on the prognostic relevance of grading cervical cancers are contradictory [60, 103, 104,
113].

It is of historical interest that cervical SCC grading is based on the method
described by Broders [7] who established a grading system of squamous cell
carcinomas of the lip that is oriented on the degree of keratinization – which seems
reasonable for carcinomas in this location. Wentz and Reagan [120] modified this
system, defining small and large cell squamous cell carcinomas while preserving the
parameter of keratinization. This system was incorporated into the WHO classification
of cervical cancer in 1975 [90] and has continued ever since.

Due to the insufficient prognostic evidence of the (conventional) grading of cervical
cancer, the current German S3 guidelines determine that there is significance to cervical
cancer grading in terms of therapeutic decisions only in combination with other
parameters, not by itself (AWMF 2014, [41]). Current results suggest that a binary
grading model based on the conventional grading system differentiating low- from high-
grade tumors shows better prognostic significance [43]. A grading system that does not
integrate the degree of keratinization of cervical carcinomas but morphological
parameters on the invasive front has also been put forward [24, 60]. In addition the
pattern of invasion (see Fig. 7.3) seems to play a role in surgically treated and in
advanced (FIGO III/IV) cervical SCC, though not as an independent parameter [39, 40,
47]. Clearly, further studies are required to establish the utility of a grading system that
is prognostically valuable and that can be universally applied.



Tumor Diameter
The tumor size, given as its maximum dimension, represents a strong prognostic factor
[44, 55] and is important for substaging of pT1b and pT2a tumors. During recent years
there have been several attempts to reduce the radicality in the surgical approach for
treatment ([54, 92] and see Chap. 4). Several recent studies have reported that tumors of
≤2 cm in largest dimension are associated with a lower incidence of lymphovascular
space involvement (LVSI) and pelvic lymph node involvement and showed an improved
prognostic outcome [42, 54, 55, 117]. A maximum size of 2 cm has been a criterion for
patient selection for trachelectomy [100]. Two ongoing studies are designed to
prospectively examine the oncologic safety of a reduced surgical approach in patients
with small tumors of ≤2 cm [38, 99].

Tumor Volume
Tumor volume based on the three measured tumor dimensions has been shown to predict
prognosis more reliably than measurements in only one or two dimensions in early-stage
cervical cancers: a volume of less than 420mm3 has been suggested to be associated
with no lymph node metastasis [8, 114]. This is the basis for recommending the
recording of three tumor dimensions in pathology reports, two of horizontal extent, and
one of depth of invasion or tumor thickness. However, this is generally considered
cumbersome, and volume is not taken into account in planning management in most
centers.

Surgical Margin Status
There is no doubt that the presence of tumor at surgical margins affects outcome [104].
A recent study reported 5-year overall survival (OS) rates of 85.4% for negative and
60.9% for positive surgical margins (p <0.005; [111]).

The impact of the tumor distance from surgical margins (Fig. 7.2) is more
controversial. An earlier study stated that a margin clearance at the site of colpectomy
of ≤5 mm is an important risk factor for local recurrence with and without simultaneous
distant metastases [26]. One analysis stated that a surgical margin of ≤2 mm was
significantly associated with an increased risk of overall disease recurrence (36% vs.
9%, p = 0.009) and locoregional recurrence (22% vs. 4%, p = 0.0034, [73]).
Viswanathan and colleagues estimated an overall recurrence rate of 20% and a local
recurrence rate of 11% in cases with close paracervical margins (>0/<1 cm) as
compared to 11% and 10%, respectively, for negative (≥1 cm) margins [116]. A study
using the surgical approach of total mesometrial resection (TMMR) showed that there is
no increased risk for recurrent disease and shorter OS, even when the distance of the
tumor to the margin is less than 1 mm [37].



Lymphovascular Space Involvement (LVSI)
The diagnosis of lymphovascular space involvement (LVSI) requires the demonstration
of tumor cells (single cells or groups) within channels that are unequivocally lined with
endothelium (Fig. 7.16a; [122]). It has been stated within the TNM supplement of the
UICC that spaces around tumor cell nests caused by shrinkage during tissue processing
(Fig. 7.20) and spaces which cannot be clearly defined as lymphatic vessels should be
classified as negative forLVSI (i.e., L0; [122]). To avoid the misinterpretation of
shrinking artifacts as LVSI, this should be evaluated at the invasive front. Areas of
desmoplastic change should be excluded from the evaluation for LVSI.D2-40 may help
to identify lymphatic invasion immunohistochemically (Fig. 7.16b; [66, 115]), whereas
CD 31 stains endothelial cells both in blood and lymphatic vessels. The ICCR states
that caution should be exercised in the interpretation of D2-40 because some cells of
SCC, representing basal cells, may show positive staining, leading to misinterpretation
as lymphatic channels [50] completely filled (and expanded) by tumor. There have been
some attempts to quantify (“grade”) the LVSI, which may have prognostic impact [33,
109, 115]. At present there is no widely accepted method for quantification of LVSI, but
its absence or presence should be given within pathology report, with a descriptive
comment on whether it is focal or widespread.



Fig. 7.16 Different features of lymphovascular space involvement (LVSI). (a) LVSI within the cervical stroma. Note
that the spaces surrounding the tumor cells are lined by flat endothelial cells, (b) LVSI highlighted by
immunohistochemistry using D2-40 (podoplanin), (c) LVSI within lymphatic vessels surrounding large vessels within
parametrial tissue. This feature should be categorized as LVSI (L1) and not as parametrial involvement (stage pT2b).
(d) LVSI within the capsule of a pelvic lymph node. This feature should be categorized as LVSI (L1) and not as lymph
node involvement (pN1). Please compare with Fig. 7.17d picturing isolated tumor cells within a lymph node. (e) LVSI
within the fatty tissue surrounding a pelvic lymph node. This feature should be categorized as LVSI (L1) and not as
involvement of the pelvic soft tissue (stage pT2b)

The prognostic relevance of LVSI is controversial. In a review of 25 studies
evaluating over 6500 patients, only three reports found LVSI to be an independent risk
factor [16]. It may be that LVSI is of more prognostic impact in small-sized tumors (<2
cm; [81]).

The most recent TNM supplement has defined (venous) vessel invasion if there is a
tumor invasion within the vessel wall. This does not necessarily require demonstration
of tumor cells in the lumen of the vessels (Fig. 7.17a, b; [122]).



Fig. 7.17 Definition of parameters relevant to staging. (a) Vascular involvement with fibrinoid thrombus containing
tumor cells adherent to the vessel wall (V1). (b) Vascular involvement comprising tumor cells within the lumen of a
small caliber vessel surrounded by erythrocytes (V1). (c) Perineural involvement (arrows) by a non-keratinizing SCC
(Pn1). (d) Isolated tumor cells within a pelvic lymph node (categorized as pN0 i + according to the TNM classification
[106]). Note that some tumor cells are within the sinusoidal spaces of the lymph node, but others are in close contact
to the lymphoid cells of the lymph node. This is a different feature from that illustrated in Fig. 7.16d

Perineural Involvement
Perineural involvement (PNI) has been defined as the detection of malignant cells in the
perineural space of nerves, regardless of whether the nerve itself is infiltrated by the
tumor and regardless of the extent of involvement of the perineural tissue (Fig. 7.17c;
[23, 65]). The prognostic impact of PNI is not well studied [18]. Some authors reported
no impact on recurrence and OS [25]. In a recent study, the 5-year survival was
relatively decreased in cases with PNI, without reaching significance (92% versus
95%; p = 0.346 [14]). Others have reported a significantly decreased 5-year overall
survival in cases with PNI (51.1% [95% CI 38.0–64.2] vs. 75.6% [95% CI 67.8–83.4];



p = 0.001), but the difference in 5-year disease-free survival was not significant [48].
The presence of PNI is associated with tumor size, depth of invasion, and LVSI [14, 25,
76]. The presence or absence of PNI and its localization (cervical stroma versus
parametrial tissue) should be given within the pathology report.

Pattern of Invasion
Different patterns of invasion have been recently defined as prognostically significant
for cervical adenocarcinomas [96]. Different patterns of invasion also exist in SCC
(Fig. 7.3), these being closed or pushing, fingerlike, and spray-like patterns [53, 60]. In
surgically treated SCC, a spray-like pattern of invasion was accompanied by a reduced
5-year overall survival when compared to the fingerlike and closed patterns (68.7% vs.
80.9% vs. 88.5%; p = 0.0004 [7, 39]). Examining cases of advanced SCC FIGO stage
III and IV where only diagnostic biopsies were available to diagnose the cervical
carcinoma, the spray-like pattern was associated with a reduced two-year overall
survival when compared to the fingerlike pattern (14.0% vs. 29.1%, respectively; p =
0.012 [47]).

There are several morphological features associated with peritumoral stromal
remodeling (Figs. 7.2 and 7.3) in SCC. Strong peritumoral stromal reaction, low
peritumoral inflammatory response, and strong neovascularization may be associated
with poor prognostic outcome in SCC, but currently the reported data are inconclusive
[47, 49, 53].

Depth of Cervical Stromal Invasion
Deep cervical stromal invasion represents a prognostic factor and is relevant for
adjuvant treatment selection. Unfortunately, there are no well-accepted cut-off points for
the definition of deep cervical stromal invasion. Different studies have used different
cut-off points, ranging from >25% to >75% [41, 55, 61, 124]. Regardless of the lack of
generally accepted cut-off values, the relative depth of invasion should be given in the
pathology report. The size of the uterine cervix is very variable, and therefore the
relative depth of invasion (as in assessing myometrial invasion in endometrial cancer)
gives additional information to the absolute value of tumor depth/thickness.

Depth of invasion is measured from the level of the cervical mucosa up to the
deepest point of invasion. The relative depth of invasion is calculated by the
relationship between the deepest point of invasion and the full thickness of the cervical
wall (see Fig. 7.18). The presence of lymphovascular space involvement outside the
deepest point of tumor stromal infiltration does not alter the depth of invasion.



Fig. 7.18 Measurement of the relative depth of invasion of the tumor within the cervical wall (please see text)

Parametrial Involvement
Parametrial involvement is an important issue in cervical cancer for staging and
determining adjuvant treatment approaches. Microscopically, there is no clear transition
between the endocervical stroma and the parametrial/mesometrial tissue; however, if
tumor is seen outside the endocervical stroma with infiltrative growth within the fibrous
paracervical tissue, parametrial/mesometrial involvement should be diagnosed (Fig.
7.19). There is no doubt that the presence of tumor between large vessels and fatty
tissue represents stage pT2b. Metastatic involvement of parametrial/mesometrial lymph
nodes represents pelvic lymph node involvement and should be staged as pN1 and not
as stage pT2b.



Fig. 7.19 Features of parametrial/mesometrial involvement, (a) complete infiltration of the cervical wall, but no tumor
growth is seen beyond the cervical stroma, (b) very early parametrial/mesometrial infiltration with involvement of the
fibrous paracervical tissue (stage pT2b), (c) parametrial/mesometrial infiltration with involvement of the fibroadipose
tissue (stage pT2b); tumor cells are surrounded by a heavy peritumoral desmoplastic response

Especially in larger tumors and/or those showing deep cervical stromal invasion,
careful embedding of the transition zone between the cervical stroma and the adjacent
mesometrial/parametrial tissue is mandatory using perpendicular sections (see Fig.
7.19). Ideally all parametrial tissue should be histologically examined in every case;
however this may not be permissible due to resource limitations. In small tumors where
there is macroscopically no evidence for mesometrial/parametrial invasion, one block
from the right and left side may be appropriate for embedding. In larger tumors or gross
suspicion of mesometrial/parametrial involvement, embedding of two blocks from each
side may be recommended to demonstrate microscopic parametrial/mesometrial
involvement.

Uterine Corpus and Adnexal Involvement
Although involvement of the lower uterine segment (LUS) and the uterine corpus has no
impact on staging in current systems, this feature should be noted within the pathology
report due to an increased risk of (para-aortic) lymph node spread [79] and higher
frequency of ovarian metastases [52]. In each case of macroscopically suspected corpus
infiltration (especially in larger tumors), one or two blocks from the cranial end of the
tumor including the corpus uteri should be embedded.

There is one major unclear topic within the staging of uterine cervical cancer [35].
The involvement of the fallopian tube, ovary, or adjacent mesoadnexal tissue (“adnexal
involvement”) is not recognized within the TNM/FIGO system [106]. There are only
limited studies dealing with the prognostic impact of this finding [51, 52, 101, 104].



Overall, the impact of “adnexal involvement” is unclear at present. In the authors’
opinion, adnexal involvement by SCC represents a feature of local advanced disease
and poor prognostic outcome [52], deserving categorization as distant metastatic
disease, or pM1, and should be emphasized in the pathology report. It is emphasized
that these comments apply to SCC; the situation is different for adenocarcinoma, where
indolent metastases are reported to occur in a subset of cases without adverse impact on
outcomes [97].

Lymph Node Metastasis
Cervical cancer mortality results largely from its local spread, in particular ureteric
involvement and renal failure. Nodal involvement is not a part of FIGO staging for this
reason. Nodal involvement increases with clinical stage, and its detection determines
the need and extent of adjuvant treatment. Pelvic and para-aortic node dissection may be
carried out prior to local resection, and detection of nodal metastasis may preclude
surgical resection in favor of chemoradiation treatment. The role of sentinel node
procedures is currently under evaluation.

The detection and reporting of isolated tumor cells (ITC) may be an issue in
cervical cancer patients treated by the use of the sentinel node technique. To the best of
our knowledge, there are no studies regarding prognostic impact of isolated tumor cells
within pelvic lymph nodes. Two reports deal with “low-volume lymph node
involvement” in patients with cervical carcinoma [15, 107]; cases with ITC and
micrometastases were merged within these studies. According to the UICC and AJCC
definitions, ITCs are single tumor cells or small clusters of cells not more than 0.2 mm
in greatest extent that can be detected by routine H&E staining (Fig. 7.17d; or
immunohistochemically [122]). ITCs do not show evidence of metastatic activity (e.g.,
proliferation or stromal reaction) or penetration of lymphatic sinus walls [122]. The
presence of ITCs within lymph nodes should not be categorized as pN1 but as pN0(i+)
if the ITCs are morphologically identified (H&E or by immunohistochemistry) and as
pN0(mol+) if they are diagnosed by non-morphological techniques (e.g., DNA
cytometry or molecular techniques [122]).

Micrometastases within lymph nodes (Fig. 7.20a) are defined as tumor cell deposits
≥0.2 mm but <0.2 cm [122]. The TNM/UICC suggests the use of pN1(mi) within the
tumor classification [106, 122]. For easier communication, the authors prefer the use of
pN1mic for the designation of micrometastases within lymph nodes according to the
earlier TNM classification in breast cancer. The vast majority of studies have reported
a prognostic impact of micrometastases [28, 45, 64, 70], while a few did not show
significance [107]. Within one study, patients with pN1mic showed a poor prognostic
outcome compared to node-negative patients but improved outcome when compared to
those with macrometastatic disease [45].



Fig. 7.20 Patterns of lymph node involvement in SCC of the uterine cervix. (a) Formal pathogenetic pathway of
pelvic lymph node involvement: tumor cells within vasa efferentia reach the lymph node → infiltration of lymphatic
vessels within the lymph node capsule → infiltration of the marginal sinusoids of the lymph node. (b) Lymph node
metastasis within a pelvic lymph node (macrometastasis) without extracapsular extension (ECS 0). (c) Lymph node
metastasis within a pelvic lymph node (macrometastasis) with extracapsular extension (ECS 1)



There is no information regarding the prognostic impact of lymphovascular
involvement within the fatty tissue surrounding the lymph nodes or within the lymph
node capsule (Fig. 7.16e). Both features are categorized within the L-category of the
TNM system but not as lymph node involvement (N-category).

Extracapsular extension (Fig. 7.20b, c) of the metastatic deposits into the perinodal
fatty tissue (i.e., extracapsular spread; ECS) is an important issue for staging and
prognostication in vulvar cancer. For carcinoma of the uterine cervix, it has been
reported that ECS may also be of prognostic impact [46, 77].

(Chemo)Radiation-Induced Changes
Neoadjuvant chemotherapy (NACT) followed by surgical treatment is reported to show
good outcomes in patients with advanced disease. In addition, some patients with
previous (chemo) radiation undergo additional sampling to control treatment effects
[71] or secondary hysterectomy to control the disease [4]. Radiation-induced changes in
SCC (Fig. 7.21) include nuclear enlargement and hyperchromasia associated with
abundant eosinophilic cytoplasm, evidence of cytoplasmic degeneration with small
vacuoles, smudged nuclear chromatin, and low mitotic index. There is no universally
accepted response score for SCC previously treated by NACT or chemoradiation, and
only limited data are available for reporting these changes [10, 58, 125]. The following
response score has been proposed and correlated with outcome, though independent
validation has not been carried out [10]:

Complete response: No residual viable tumor cells in the surgical specimen
(primary tumor and lymph nodes)
Near-complete or microscopic response: The presence of one or more foci of
malignant viable cells measuring less than 1 millimeter
Partial response: The presence of residual tumor deposits measuring larger than 1
mm
No response: No evidence of treatment change



Fig. 7.21 Radiation-induced alterations, (a) more or less retained morphology of a moderately differentiated non-
keratinizing squamous cell carcinoma (asterisk) and (b) marked nuclear abnormalities with apoptotic bodies,
mononuclear giant cells, and cytoplasmic eosinophilia

Molecular Biomarkers
At present there are no molecular biomarkers or profiling data that influence treatment
in cervical SCC [85, 123].
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Abstract
Glandular carcinomas of the cervix and their precursor lesions comprise a minority of
all cervical cancers; however, their relative prevalence and possibly absolute
prevalence are increasing. Better sampling methods and recognition of the cytological
features of early neoplasia make early detection feasible. Of all the variant types of
glandular cervical neoplasia, the usual type of adenocarcinoma and its in situ precursor
comprise the vast majority of cases. This chapter details the demographics and
pathobiology of cancers and precursor lesions of the endocervix, the histopathological
and cytopathological features, and presents a discussion of the morphological mimics of
the usual type of endocervical adenocarcinoma, both in situ and invasive, including the
differential diagnosis of atypical glandular cells in cytological preparations.
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Epidemiology
Adenocarcinoma comprises approximately 20–25% of all primary cancers of the cervix
in Western countries. This represents an increased percentage of nearly fourfold over
the past 50 years [1, 2]. This increased proportion is due primarily to the dramatic
decrease in squamous carcinoma during that period, mainly due to the success of
cytological cervical cancer screening programs. However, US SEER program data
show that there has also been an absolute increase in cervical adenocarcinoma of 0.6
cancers/100,000 women when comparing the periods 1973–1989 to 1990–2008 [3–5].
Studies from European countries have shown similar effects [6]. However, glandular
cancer rates have more recently been stable or declining, the likely result of improved
detection of glandular precursor lesions. The introduction in the late 1980s of new
cytological sampling devices increased the amount of cellular material obtained from
above the squamocolumnar junction and the upper endocervical canal. With greater
experience, enhanced recognition of the cytological features of adenocarcinoma in situ
subsequently impacted early detection in a manner completely analogous to the decline
in squamous lesions following detailed cytological descriptions of their precursor
lesions in the early part of the twentieth century. In fact, recent data show that the
absolute incidence of cervical adenocarcinoma in situ has increased as much as
sevenfold in recent years, almost certainly due to better detection [4].

Pathobiology
Just as in squamous neoplasia of the cervix, usual type adenocarcinoma of the cervix
and its precursors are virtually always associated with high-risk human papillomavirus
(hrHPV) infection (see Chap. 2) [7]. Many of the same risk factors are also present,
such as young age for first sexual intercourse and increased numbers of sexual partners;
however, there are additional differing risk factors for glandular cancers which include
the use of oral contraceptives and hormone replacement therapy [8–10]. Glandular
cancers show less association with smoking and high parity when compared to
squamous cancers [11–13]. As in squamous cancers, HPV types 16 and 18 are most
common in adenocarcinoma; however, the relative proportion of types is different, with
adenocarcinomas showing an increased proportion of type 18 and its closely associated
type 45 (Table 8.1) [14–18].

Table 8.1 Prevalence of HPV types in endocervical adenocarcinoma (EACA)

Study No. EACA tested % cases positive
  Any HPV (%) HPV 16 (%) HPV 18 (%) HPV 45 (%) HPV other (%)
Li (2011) 3525 82 36.3 36.8 5.2 21.7

De Sanjose (2010) 760 62 50 32 12 6
Tornesello (2011) 39 72 57 18 7 18



Tornesello (2011) 39 72 57 18 7 18
An (2005) 135 90 42 36 1 21
Clifford (2008) 2521 80.3 35.3 37.9 5.6 21.2

Precursor Lesions (Adenocarcinoma In Situ, Usual Type or
High-Grade Cervical Glandular Intraepithelial Lesion (HG-
CGIN))
The prototypical cervical glandular neoplastic lesion is adenocarcinoma in situ (AIS) of
the usual type. In the British literature, AIS has also been named “high-grade cervical
glandular intraepithelial neoplasia” (HG-CGIN). These terms are now considered
synonyms in the newest WHO classification system, which also includes stratified
mucin-producing intraepithelial lesion (SMILE) as a variant of AIS/HG-CGIN [19].
AIS was originally described in 1953 by Friedell and McKay, and its histological
features were recognized at that time [20]. The cytological morphology was described
much later in the 1970s and 1980s [21–23]. There is significant evidence that AIS is a
true precursor lesion to invasive carcinoma. AIS has a mean age which is reported to be
from 12 to 18 years earlier than that of invasive endocervical adenocarcinoma [22,
24–26]. AIS is also more prevalent than invasive carcinoma indicating a larger pool of
AIS from which only a portion goes on to develop invasive disease. AIS shows diffuse
p16 immunostaining completely analogous to invasive carcinoma indicative of a
neoplastic transformation of the epithelium and is positive for hrHPV of similar types to
those seen in invasive endocervical cancer [27, 28]. In addition, areas of AIS are very
commonly found adjacent to invasive endocervical adenocarcinomas. The usual type of
AIS, in parallel with its invasive counterpart, is by far the most common in situ
adenocarcinoma of the endocervix. In comparison to the other recognized in situ
adenocarcinoma variants, namely, endometrioid and mucinous, the usual type constitutes
more than 90% of all cases. AIS is generally not visible on colposcopic examination
and may not be associated with symptoms or have only minor symptoms such as
abnormal vaginal discharge [29, 30]. It is therefore most commonly identified via Pap
or hrHPV testing [31–33]. Pap testing (as described below) can show diagnostic
features of AIS but just as commonly shows atypical glandular cells which may be
insufficient for a definitive interpretation of AIS. This equivocal finding is recognized
to be very important for patient management and has been well incorporated into current
management guidelines [34]. All cases of atypical glandular cells on a Pap test should
prompt a colposcopic examination and histological sampling of the endocervical canal.
Recent improvements in Pap test sampling device technology, which have allowed
greater sampling of the endocervical canal and better recognition of the diagnostic
cytological features, are thought to be the reason for the increased prevalence of AIS



discovered today in screening programs. hrHPV testing is also sensitive for AIS;
however, the specificity is less than with Pap testing because of the high prevalence of
benign hrHPV infections in the background population. AIS most often grows in a
contiguous fashion, and therefore during excisional procedures, clear margins do
generally indicate complete removal [35]. However, rare examples of discontinuous
AIS have been reported, and clinical follow-up following excision is necessary.
Because virtually all AIS of the usual type is associated with hrHPV types, testing for
hrHPV can be helpful in assessing residual disease following excision. Fortunately,
complete excision of AIS is curative.

Histopathology [36, 37]
The normal endocervical epithelium adjacent to the cervical transformation zone
consists of a simple columnar epithelium with basal nuclei and a mucous cap of frothy
cytoplasm (Fig. 8.1). AIS manifests as a replacement of the normal endocervical
epithelium by neoplastic glandular cells without evidence of invasion through the
basement membrane. When AIS replaces the normal endocervical epithelium, the
simple epithelium is transformed to a pseudostratified epithelium in which the mucous
cap is diminished with a much increased nucleus to cytoplasm ratio. This appearance is
often referred to as “mucin-poor.” At low magnification examination, the first
histopathological clue may be the density of the nuclei in the epithelium which lends a
hyperchromatic (dark) appearance to the surface epithelium (Fig. 8.2). Usually areas
where the hyperchromatic epithelium directly abuts normal endocervical epithelium are
noted which accentuates the stark contrast between the normal and neoplastic epithelia
(Fig. 8.3). At high magnification, the cells of AIS show enlarged nuclei, on average
about two times the size of normal endocervical cell nuclei. The nuclei are elongate and
show significant overlapping in the pseudostratified areas. Nucleoli are present but may
not always be prominent. Nuclear chromatin is typically coarsely granular and evenly
distributed, and nuclear envelops are irregular. Mitotic figures are common, and
apoptotic debris (nuclear breakdown fragments indicative of cell turnover) is also
common (Fig. 8.4). Architecturally, AIS does not generally show areas of solid or
cribriform growth. If such areas are identified, a careful examination of the specimen
for early invasion is indicated.



Fig. 8.1 Normal endocervical epithelium in the area of the transformation zone is simple, columnar, and non-stratified.
Uniform nuclei are present in the basal portion of the cell, and the luminal columnar cytoplasm contains frothy mucus
(hematoxylin and eosin stain, high magnification)



Fig. 8.2 Endocervical adenocarcinoma in situ is most often initially noted during low magnification scanning due to the
hyperchromasia of the stratified nuclei in comparison to the pallor of the normal mucus-rich endocervical epithelium
(hematoxylin and eosin stain, low magnification)

Fig. 8.3 Endocervical adenocarcinoma in situ commonly shows a sharp margin with adjacent normal endocervical
epithelium. Note the very clear demarcation between lesional and normal columnar epithelium (arrow). AIS shows



prominent pseudostratification with loss of the mucus cap compared to the normal simple architecture with prominent
frothy mucus. Note the prominent mitotic activity (arrow head) (hematoxylin and eosin stain, high magnification)

Fig. 8.4 The nuclei of endocervical adenocarcinoma in situ are typically about two times the size of normal
endocervical cell nuclei. Apoptotic debris is commonly present in neoplastic endocervical epithelium and is indicative of
increased cell turnover (arrow) (hematoxylin and eosin stain, high magnification)

Cytopathology [37–39]
The cytopathological appearance of AIS recapitulates the histopathology closely.
Cytological specimens from patients with AIS may show abundant individual
endocervical cells and hyperchromatic crowded groups (HCGs) of endocervical cells.
Any specimen containing abundant endocervical material should be examined very
carefully for the presence of abnormality within these cells. However, overall
cellularity is dependent on the sampling of the lesion and may show few abnormal cells
if the lesion is small, high in the canal, or not directly brushed. On initial low
magnification examination, the hyperchromatic crowded groups typically show nuclear
and cytoplasmic protrusion at the group margins. This phenomenon is referred to as
“feathering” and can be seen in any endocervical proliferation but is particularly
accentuated in AIS. In conventionally prepared specimens, feathering is most prominent
due to flattening of the groups during the smearing process (Fig. 8.5). In liquid-based
specimens, where groups are more three-dimensional, feathering can be more subtle, but
is still present in most cases. The sentinel finding of AIS is the presence of strips of
pseudostratified columnar epithelium with depletion of the mucous cap on the luminal



portion of the cell (Fig. 8.6). Polarity of the cells with identification of a basal and
luminal aspect of the strip is important in order to discriminate AIS from high-grade
squamous intraepithelial lesion (HSIL) (see Chap. 7) growing into a gland. In the latter,
an appearance of a pseudostratified epithelium without a luminal-basal orientation is a
key to that interpretation (Fig. 8.7). Other dense groups of glandular cells with high
nucleus to cytoplasm ratio and hyperchromatic nuclei (HCGs) are also usually present.
Often partial or complete gland formations (epithelial “rosettes”) are noted in
association with the HCGs (Fig. 8.8). Individual abnormal cells showing columnar
configuration and atypical nuclei can be found distributed across the slide (Fig. 8.9).
The individual cells show nuclei that are about two times the size of a normal
endocervical cell. Nuclei are hyperchromatic with granular chromatin which is evenly
distributed. Uneven chromatin distribution (so-called chromatin clearing or chromatin
heterogeneity) should prompt a consideration of invasive endocervical adenocarcinoma.
Nucleoli are present, but not generally prominent. Mitotic figures and apoptotic debris
are frequently identified. The background of the slide does not show a tumor diathesis,
which is caused by tissue destruction and tumor necrosis, both of which are not present
in AIS and if present should also suggest the possibility of an invasive carcinoma. The
background may show an increased number of acute inflammatory cells.

Fig. 8.5 Even at low magnification, groups of cells showing marginal protrusion of nuclei and cytoplasm
(“feathering”) is characteristic of endocervical adenocarcinoma in situ and may be the first indication of a neoplastic
process (arrows). Feathering tends to be more prominent in conventionally prepared specimens due to flattening of the
groups during the smearing and fixation process



Fig. 8.6 In cytological specimens, pseudostratified strips of cells are a key feature of endocervical adenocarcinoma in
situ. Note the coarse granularity with even distribution of the nuclear chromatin in this example (arrow) (Papanicolaou
stain, medium magnification)



Fig. 8.7 A mimic of endocervical adenocarcinoma in situ on cytology can be seen in crowded groups of high-grade
squamous intraepithelial lesion (HSIL) involving an endocervical gland (Papanicolaou stain, medium magnification)

Fig. 8.8 In addition to pseudostratified strips of cells and feathering, endocervical adenocarcinoma often shows full or
partial rosette arrangements of cells, indicative of gland-like formations (arrow) (Papanicolaou stain, medium
magnification)



Fig. 8.9 In addition to crowded groups of cells, cases with endocervical adenocarcinoma in situ typically show
atypical individual cells scattered in the background. The cells are tall and slender, with enlarged nuclei and coarse but
evenly distributed nuclear chromatin (arrow) (Papanicolaou stain, high magnification)

Invasive Endocervical Adenocarcinoma, Usual Type
The usual type of invasive endocervical adenocarcinoma, just as in its correlate
precursor lesion, is the most common type of cervical adenocarcinoma. It generally is
recognized as comprising 80–90% of all adenocarcinomas, although several recent
reports have shown that in Japanese populations, mucinous adenocarcinomas of gastric
type may comprise as much as 30% of the total [40]. As in AIS, early superficially
invasive adenocarcinomas may present with no symptoms, or occasionally with only
minor symptoms, such as abnormal discharge or bleeding. In this early stage, Pap or
HPV testing is most likely to show the only abnormal initial findings. Colposcopy may
show areas of abnormality when the lesion occupies the lower portion of the
endocervical canal. In larger tumors, symptoms of abnormal bleeding are almost always
present and lesions are grossly visible on colposcopic examination. In larger tumors,
the Pap test nearly always shows abnormality which may be present as either a
diagnostic appearance of carcinoma or as atypical glandular cells.

The prognosis of invasive cervical adenocarcinoma is dependent on stage at
presentation, with low stage disease generally having a good (curative) outcome
(Tables 8.2 and 8.3). Most studies have shown that stage for stage cervical
adenocarcinoma has a worse prognosis than squamous cell carcinoma [41–45].
Differences in dissemination and recurrence have been found for endocervical
adenocarcinoma versus squamous cell carcinoma. Ovarian metastases are more
common in endocervical adenocarcinoma than in squamous cell carcinoma [46]. Higher
rates of distant metastasis have also been noted for endocervical adenocarcinoma [42,
47].

Table 8.2 Staging of cervical adenocarcinoma (TNM and FIGO)

TNM
categories

FIGO
stages

Definitions

Primary tumor (T)
Tx  Primary tumor cannot be assessed
T0  No evidence of primary tumor
Tis  Carcinoma in situ (preinvasive carcinoma)
T1 I Cervical carcinoma confined to the uterus (ignore corpus extension)
T1a IA Invasive carcinoma diagnosed on microscopy only
T1a1 IA1 Stromal invasion ≤3.0 mm in depth, ≤ 7.0 mm in width
T1a2 IA2 Stromal invasion 3.0–5.0 mm in depth, ≤ 7.0 mm in width



T1b IB Clinically visible tumor confined to cervix or microscopic size > T1a/IA2
T1b1 IB1 Clinically visible tumor ≤4.0 cm
T1b2 IB2 Clinically visible tumor >4.0 cm
T2 II Cervical carcinoma invades beyond the uterus but not to the pelvic wall or lower one

third of vagina
T2a IIA No parametrial invasion or involvement of the lower one third of the vagina
T2a1 IIA1 Clinically visible lesion ≤4.0 cm involving < the upper two third of the vagina
T2a2 IIA2 Clinically visible lesion >4.0 cm involving < the upper two third of the vagina
T2b IIB Tumor with parametrial invasion
T3a IIIA Tumor involves the lower one third of the vagina, no extension to the pelvic wall
T3b IIIB Tumor extends to the pelvic wall and/or causes hydronephrosis or nonfunctioning kidney
T4 IVA Tumor invades the mucosa of the bladder or rectum and/or extends beyond the true

pelvis
Regional lymph nodes (N)
NX  Regional lymph nodes cannot be assessed
N0  No regional lymph node metastasis
N1  Regional lymph node metastasis
Distant metastasis (M)
M0  No distant metastasis
M1 IVB Distant metastasis

Table 8.3 Anatomical stage/prognostic groups of cervical adenocarcinoma

Anatomical stage/prognostic groups
Stage 0 Tis N0 M0
Stage I T1 N0 M0
Stage II T2 N0 M0
Stage IIIA T3 N0 M0
Stage IIIB T1–3 N1 M0
Stage IVA T4 Any N M0
Stage IVB Any T Any N M1

Histopathology [36, 37]
The usual type of endocervical adenocarcinoma is typically of moderate differentiation
but can also present as well- or poorly differentiated lesions. In the best differentiated
lesions, particularly in cases showing only superficial invasion, it may be difficult to
distinguish between AIS and invasive cancer. Involvement of endocervical glandular
structures that are below the level in the cervical wall of normal endocervical glands
and changes in the stromal tissue surrounding the abnormal glands, such as
inflammation, myxoid change, or “swirling” of stromal fibroblasts around the nests of



neoplastic cells, are clues to superficial invasion (Fig. 8.10). In addition, changes in the
neoplastic cells compared to those directly adjacent to the areas of suspected invasion
can also present a clue to invasion. Increased amounts of cytoplasm and the presence of
more prominent macronucleoli can be seen in association with increase in metabolic
activity necessary to penetrate the basement membrane and spread into the stromal
tissues (Fig. 8.11). In these superficially invasive lesions, the neoplastic cells replace
the normal endocervical cell lining of the glands. In distinction to the pseudostratified
architecture of AIS, early invasive carcinoma may also show more complex architecture
including solid patterns and areas of cribriform growth. Identification of either of these
two architectural features should prompt consideration of an invasive tumor.

Fig. 8.10 Superficially invasive endocervical adenocarcinoma shows markedly irregular glandular spaces which
impinge on the adjacent normal endocervical glands. Stromal reaction and inflammation often surrounds the early
invasive nests (arrow) which is a key diagnostic feature differentiating an invasive from an in situ lesion (hematoxylin
and eosin stain, low magnification)



Fig. 8.11 Two early clues to the presence of invasion are stromal reaction and changes in cytoplasm. Glands
surrounded by an edematous or inflamed swirling stroma or an increase in cytoplasmic volume with eosinophilia
(arrow) are highly associated with invasive disease (hematoxylin and eosin stain, high magnification)

In clearly identifiable invasive endocervical adenocarcinoma, the abnormal glands
are small to medium sized and penetrate the cervical wall to various levels, inciting an
obvious stromal response (Fig. 8.12). Gland lumina, when discernible, may show
necrotic debris. Occasional cystic glands may be present with mucin within the gland
lumen or occasionally free in the stromal tissue. The abnormal cells retain a columnar
appearance, with either pseudostratified, solid/cribriform, or occasionally papillary
tufted growth pattern. The individual cells have high nucleus to cytoplasm ratios with
granular “mucin-poor” cytoplasm. Nuclei are enlarged at greater than two times the size
of normal endocervical cell nuclei and can range in shape from tall fusiform to oval.
Nuclear contours are irregular. The nuclei are hyperchromatic having dense granular
cytoplasm and areas of chromatin heterogeneity (so-called chromatin “clearing”) (Fig.
8.13). Numerous mitotic figures are noted, often near the apex of the cells giving the
appearance of “floating mitoses” (Fig. 8.14). Apoptotic debris is also commonly noted.



Fig. 8.12 Invasive endocervical adenocarcinoma of the usual type commonly shows cribriform architecture with
some foci showing a solid growth pattern (hematoxylin and eosin stain, medium magnification)

Fig. 8.13 The nuclei of endocervical adenocarcinoma of the usual type are typically pleomorphic with irregularities of
size and shape. Note the coarse granularity of the chromatin which in contrast to in situ lesions shows areas of
heterogeneity (arrow) (hematoxylin and eosin stain, high magnification)



Fig. 8.14 “Floating” mitoses which are present near the luminal surface of the cells are common in endocervical
adenocarcinoma of the usual type (arrow) (hematoxylin and eosin stain, high magnification)

Cytopathology [37–39]
The cytopathological appearance of invasive adenocarcinoma, similar to the
histopathology, is dependent on the degree of differentiation of the tumor. Well-
differentiated lesions may be indistinguishable from AIS. As the tumors become less
differentiated, the amount of sampled neoplastic cellular material increases and the
appearance of the cells becomes more atypical. Adenocarcinoma presents as isolated
atypical cells, as pseudostratified strips of cells, as dense hyperchromatic crowded
groups, and as two-dimensional sheets of cells (Fig. 8.15). The difference between the
latter two presentations depends on how the sampling of the cells took place. Two-
dimensional groupings mean the cells were directly sampled from the tumor surface and
recapitulate their in situ appearance; while three-dimensional groups imply that the cells
were spontaneously exfoliated prior to being sampled (Fig. 8.16). Exfoliation allows
for cell groupings (and individual cells) to round up as they “float” in the cervical
mucus. The individual cells of adenocarcinoma show high nucleus to cytoplasmic ratios
with granular “mucin-poor” cytoplasm. The nuclei are oval to fusiform, hyperchromatic
with dense coarsely granular chromatin showing areas of heterogeneity (“clearing”),
and prominent macronucleoli (Fig. 8.17). Mitotic figures and apoptotic debris are
commonly present. The slide background commonly shows the presence of granular
cellular breakdown material intermixed with inflammatory cells (so-called tumor



diathesis) which is indicative of tissue necrosis and inflammatory response. In
conventionally prepared cytology specimens, the diathesis material is spread evenly in
the background of the slide, while in liquid-based cytology specimens, the diathesis
material may aggregate and cling to the surface of cells (Fig. 8.18).

Fig. 8.15 Endocervical adenocarcinoma of the usual type presents as groups and as isolated cells. Groups retain
features of columnar epithelia with “honeycomb” architecture (arrow), and isolated cells recapitulate the columnar
configuration of normal endocervical cells (arrowhead) (Papanicolaou stain, high magnification)

Fig. 8.16 The cytological presentation of endocervical adenocarcinoma of the usual type depends on the method of
sampling. When directly sampled, a two-dimensional sheet of cells is present (a) (Papanicolaou stain, medium
magnification). And when tumor cells exfoliate prior to sampling, three-dimensional clusters are the norm (b)



(Papanicolaou stain, high magnification)

Fig. 8.17 The nuclei of endocervical adenocarcinoma of the usual type show heterogeneous coarse chromatin
granularity and prominent nucleoli (Papanicolaou stain, high magnification)



Fig. 8.18 Tumor diathesis consisting of granular amorphous debris is commonly found in the background and clinging
to the surface of intact cells in invasive carcinoma (arrow) (Papanicolaou stain, medium magnification)

Immunohistochemistry of Endocervical Neoplasia
p16 immunohistochemistry is a useful marker for the presence of a true endocervical
neoplastic lesion of the usual type. Virtually all usual type AIS and invasive
endocervical adenocarcinomas are hrHPV positive and will show aberrant
accumulation of p16. There are caveats for interpretation of this stain however. A
positive stain should only be considered one in which the entire epithelium is diffusely
positive, most often with both nuclear and cytoplasmic staining (Fig. 8.19a). This is
important because several of the benign mimics noted below, such as tubal metaplasia
and endometriosis, can show incomplete spotty, but sometimes strong staining for p16
(Fig. 8.19b). A marker of increased cellular proliferation (Ki67 or Mib1) can be
supportive of a neoplastic process in conjunction with p16; however, studies have
shown that Ki67 adds little predictive value to the p16 assay (Fig. 8.19c). Another
marker IMP3 has been shown to be more specific for AIS with diffuse staining of most
usual type glandular neoplasias with little staining reported in benign processes [48].



Fig. 8.19 Immunohistochemical stains can be helpful in distinguishing neoplastic endocervical lesions from benign
mimics. p16 staining is strong and diffuse in neoplasia (a), while benign tubal metaplasia shows only focal cells which
are immunoreactive (b). In (a), note the p16-positive lesional tissue in comparison to the negative residual benign
endocervical glands. Increased numbers of cells show reactivity with Ki67 in neoplastic lesions (c)

Immunohistochemistry can be useful in distinguishing endocervical from
endometrial neoplasms, particularly when the lesions are large and extend to both
cervix and corpus or are present in metastatic sites. Endocervical carcinoma is diffusely
p16 positive, whereas endometrial cancer is typically only focally positive.
Additionally, endocervical neoplasia is positive for CEA and negative for estrogen
receptor and vimentin. Endometrial neoplasia is negative for CEA and positive for
estrogen receptor and vimentin [49]. Both origins are most often positive for PAX8.

Histological Mimics of In Situ and Invasive Adenocarcinoma
Tubal and Tuboendometrioid Metaplasia
In tubal metaplasia (TM), endocervical glandular epithelium is replaced by tubal-type



epithelium composed of ciliated cells, nonciliated secretory cells, and intercalated
(peg) cells (Fig. 8.20). Tubal metaplasia is a common finding in the endocervical canal,
being present in 21% of cone biopsies and 62% of hysterectomy specimens in a
prevalence study [50] and becoming more frequent as women age [51]. Less commonly
the presence of a mixture of tubal- and endometrial-type epithelia known as
tuboendometrioid metaplasia (TEM) is identified. This is similar to TM but with few to
rare ciliated cells (Fig. 8.21). TEM has been found in 26% of hysterectomy specimens
when a prior cone biopsy had been performed, suggesting that it may be a reparative
response in at least some cases [52]. Usually the glands involved by TM and TEM
otherwise resemble normal endocervical glands, but one or more unusual features can
occasionally be present, such as variability in size and shape, cystic dilatation,
pseudostratified architecture, focal crowding, high nuclear to cytoplasmic ratio, mitotic
figures, a deep location, and periglandular stromal hypercellularity or edema (Fig. 8.22)
[53]. At low magnification, the dark-staining epithelia may initially raise the possibility
of a well-differentiated invasive adenocarcinoma or AIS. The admixture of cell types,
including the prominence of ciliated cells, as well as the lack of nuclear atypia, only
rare mitotic figures without apoptotic debris, and lack of a desmoplastic stromal
reaction, should allow a correct interpretation as a benign metaplastic process.
Immunohistochemical staining for p16, Bcl2, and MIB1/Ki67 can help differentiate
neoplastic endocervical glands from benign TM/TEM.

Fig. 8.20 Tubal metaplasia consists of a mucin-poor, pseudostratified epithelium which replaces normal endocervical
epithelium in the upper canal as women age. Its hyperchromatic appearance gives an appearance of neoplasia at low



magnification. Note the heterogeneity of epithelial cell types vacuolated (arrow) and ciliated (arrowhead), which are
the key to a correct benign interpretation (hematoxylin and eosin stain, high magnification)

Fig. 8.21 Tuboendometrioid metaplasia is diagnosed only on histology. The glands have a mucin-depleted appearance
with oval, elongate nuclei; the glands usually are surrounded by stroma with slightly increased cellularity (hematoxylin
and eosin stain, low magnification)



Fig. 8.22 Tubal metaplasia can present in a crowded/solid pattern with rosette-like structures which can mimic
endocervical neoplasia. The presence of luminal cilia is a key benign feature

Oxyphilic Metaplasia
Oxyphilic metaplasia is an incidental finding in cervical specimens having no clinical
significance. It manifests as focal replacement of endocervical epithelium with cuboidal
cells having dense, eosinophilic, and focally vacuolated cytoplasm. The nuclei are
usually large, hyperchromatic, and somewhat degenerate which may give rise to
erroneous considerations of in situ adenocarcinoma (Fig. 8.23). Although a certain
degree of epithelial atypia has been described, unlike adenocarcinoma, oxyphilic
metaplasia lacks stratified cells, marked atypia, and mitotic activity which should allow
for a correct interpretation [54].

Fig. 8.23 Oxyphilic metaplasia shows cells within a metaplastic endocervical epithelium with voluminous amounts of
eosinophilic granular cytoplasm. Nuclear atypia, relating to degenerative change, can be associated which can give a
false impression of a neoplastic process (hematoxylin and eosin stain, high magnification)

Endometriosis
Similar to tubal and tuboendometrioid metaplasia discussed above, endometriosis
consists of ectopic endometrial-type glandular epithelium with the addition of
endometrial stroma (Fig. 8.24). Endometriosis can occur either superficially involving
the endocervical mucosa and glands or more deeply in the cervical wall. The
superficial form may result following trauma (e.g., cone biopsy) or as a result of



implantation due to menstruation [55]. Deep endometriosis often occurs as a part of
more widespread pelvic endometriosis. Most often endometriosis resembles
proliferative phase endometrium. Correct recognition is not difficult if the stroma and
glands are in the usual proportion, but if endometrial glands predominate, the diagnosis
of adenocarcinoma may be entertained due to the less abundant cytoplasm, nuclear
stratification, and scattered mitotic figures that are a normal part of the proliferative
cycle. A diagnostic clue in favor of nonneoplastic endometriosis is the presence of
small arterioles hugging the glands within the scant stroma. Immunohistochemical stains
may also help; endometrial stromal cells are positive for CD10 and negative for CD34,
while the reverse is the case for endocervical stromal cells. In addition, endometriotic
glands are positive for Bcl2, while endocervical glands are negative [56]. Occasionally
only endometrial stroma will be identified and should not be misinterpreted as a far less
common sarcoma [57].

Fig. 8.24 Endometriosis involving the cervix consists of endometrial-type glands and stroma, often with hemorrhage.
The pseudostratified architecture of endometrial epithelium, along with mitoses, and occasional apoptotic debris makes
it a good mimic of endocervical neoplasia (hematoxylin and eosin stain, medium magnification)

Endocervicosis
Benign-appearing endocervical glands may rarely be located deep in the cervical wall
(Fig. 8.25). This condition most commonly gives rise to a diagnostic consideration of
well-differentiated mucinous adenocarcinoma because of the normal apical mucus. If
the deep endocervical glands show any features of tubal or tuboendometrioid



metaplasia, a consideration of the usual type of endocervical adenocarcinoma may also
be considered, primarily due to the inherent pseudostratification with hyperchromasia
[58]. The absence of malignant nuclear features and an in situ component at the mucosal
surface provides solid evidence against malignancy.

Fig. 8.25 Endocervicosis on histology; note the typical band of uninvolved cervical stroma (arrow) separating the
endocervical mucosa from the deep band of benign endocervical glands (hematoxylin and eosin stain, low
magnification)

Endosalpingiosis
Rarely endosalpingiosis, an ectopic proliferation of glands lined by tubal-type
epithelium, will involve the wall of the cervix causing gross thickening and even a
mass-like lesion [59]. As with endocervicosis, the differential diagnosis is with
adenocarcinoma; however, a connection to a mucosal component as well as marked
nuclear atypia is absent. The presence of ciliated, goblet, and peg cells should allow for
a correct interpretation.

Endocervical Gland Hyperplasias
Generally hyperplasias of the endocervical glands do not fall into the differential



diagnosis of the usual type of endocervical adenocarcinoma because these types of
hyperplasia are typically not “mucin-poor” but show apical caps with abundant mucus.
They therefore are better considered under mimics of mucinous carcinoma. They will be
briefly mentioned here because they are common and because the abundance of glands
that can be present can lead to a consideration of endocervical neoplasia.

Tunnel Clusters
Tunnel clusters occur as an incidental finding in the cervix of approximately 10% of
adult women. The term “tunnel cluster” was coined by Fluhmann who subdivided the
entity into two categories: type A is defined as a group of noncystic endocervical glands
lined with columnar epithelium and type B is defined as a group of cystic glands lined
with cuboidal or flattened epithelium (Fig. 8.26) [60]. The cystic form of tunnel clusters
is often visible grossly [61]. Microscopically both types of tunnel cluster are typically
discrete, rounded foci composed of 20–50 closely packed tubules. The shape of the
glands may be oval, round, or irregular and of varying size. Multiple foci are often
identified, and occasionally several discrete foci of tunnel clusters may become
confluent. The tubules, which usually contain mucin, are separated by scant connective
tissue, while the entire tunnel cluster is surrounded by normal endocervical stroma. The
low magnification lobulated arrangement of tunnel clusters is a helpful diagnostic
feature not observed in malignancy. In addition, tunnel clusters also lack the infiltrative
pattern and frequent stromal desmoplasia present in mucinous adenocarcinoma [62].
Like other benign disorders of endocervical glands, tunnel clusters may occasionally
extend deeply into the cervical wall.



Fig. 8.26 Tunnel clusters are proliferations of benign-appearing endocervical epithelium. They are not usually
mistaken for usual types of endocervical neoplasia, but their expansile growth pattern can sometimes be concerning.
They are usually well circumscribed with a bland cytological appearance. Type A tunnel clusters show prominent
cystic spaces, and type B show noncystic closely packed glands. The present single illustration shows both patterns in
a single cluster (hematoxylin and eosin stain, medium magnification)

Microglandular Hyperplasia
Microglandular hyperplasia (MGH) was originally described as a benign lesion of the
cervix resulting from oral contraceptive use [63, 64]. Although MGH is usually related
to exogenous hormone administration or pregnancy in reproductive aged women, a
minority of patients have no such history or are postmenopausal [65–67]. In most
instances, MGH is an incidental microscopic finding, but occasionally it has the clinical
appearance of an erosion, an ordinary cervical polyp, or a polypoid mass that can be
friable and which may be clinically suspicious for carcinoma [68]. MGH consists of
closely packed glands that vary from small and round to large, irregular, and cystically
dilated (Fig. 8.27). The lumina usually contain a basophilic or eosinophilic mucinous
secretion. There may be an extensive infiltrate of acute and chronic inflammatory cells
in the mucin and intervening stroma. The stroma is occasionally extensively hyalinized
mimicking tumor desmoplasia. The cells lining the glands and cysts are usually low
columnar, cuboidal, or flat, with faintly basophilic or granular cytoplasm, and may have
a hobnail appearance. Subnuclear vacuoles, which stain positively for mucin, are
almost always present and may be conspicuous (Fig. 8.28). This feature is often the
most important morphological clue to the correct interpretation. Rarely some cells form



solid foci and have pale mucinous cytoplasm and eccentric nuclei, simulating the signet
ring cells of an adenocarcinoma. While the usual type of endocervical adenocarcinoma
may enter into the differential diagnosis, in rare cases showing prominent glandular or
solid features, clear cell adenocarcinoma is the neoplasm most likely to be confused
with MGH. Like MGH, clear cell carcinoma may have tubular, cystic, and solid
patterns, associated with a hyalinized stroma. The solid foci of clear cell carcinoma
usually consist of cells with abundant, clear, glycogen-rich cytoplasm, whereas the
constituent cells in solid foci of MGH never have conspicuous clear cytoplasm. In
addition, the degree of nuclear atypicality and mitotic activity in clear cell carcinoma
greatly exceeds that of MGH. In distinction to cervical neoplasia, MGH is CEA
negative, and hence this immunohistochemical stain may be useful in difficult cases.

Fig. 8.27 Microglandular hyperplasia is a benign endocervical proliferation commonly associated with exogenous
hormone use. It can be concerning for endocervical neoplasia at low magnification because it consists of closely
packed small- to medium-sized glands (hematoxylin and eosin stain, low magnification)



Fig. 8.28 The cells of microglandular hyperplasia have a characteristic pattern of diffuse subnuclear vacuolation
below bland, non-enlarged nuclei (hematoxylin and eosin stain, high magnification)

Diffuse Laminar and Lobular Endocervical Glandular
Hyperplasias
Both of these endocervical glandular hyperplasias are rare and are incidental findings
with no definitive clinical symptoms. Diffuse laminar hyperplasia presents as a
subsurface distribution of crowded benign-appearing endocervical glands, usually as a
discrete layer which is sharply demarcated from the underlying cervical stroma and
confined to the inner third of the cervical wall (Fig. 8.29) [69]. A marked inflammatory
response and focal stromal edema have been present in most of the cases. Mild reactive
cytological atypia can be present. Like the diffuse form, lobular endocervical glandular
hyperplasia (LEGH) is characterized by lobular aggregates of small- to medium-sized
glands often with a large gland in the center of the lobule (Fig. 8.30) [70]. The tall
columnar glandular cells lack atypia or mitotic activity and may have the blue cytoplasm
of endocervical cells or more eosinophilic cytoplasm similar to gastric pyloric cells.
The eosinophilic cells have been reported to be positive by immunohistochemical
staining for gastric epithelial markers. LEGH is generally thought to be a neoplastic
precursor in the spectrum of endocervical lesions showing gastric differentiation,
including gastric-type mucinous adenocarcinoma of the cervix [40]. Therefore, the
differential diagnosis of LEGH is most commonly with mucinous adenocarcinoma.
Differentiating between benign and malignant endocervical proliferations of any type on



small cervical biopsies can be a challenge and may require the clinician to procure a
larger sample for a definitive assessment.

Fig. 8.29 Diffuse laminar hyperplasia consists of a densely packed aggregation of irregular endocervical glands,
which on closer examination show bland nuclear features and mucin-rich caps of cytoplasm. A sharply demarcated
deep edge is typical of this benign proliferation (arrowheads) (hematoxylin and eosin stain, low magnification)



Fig. 8.30 Lobular endocervical hyperplasia is a proliferation of benign-appearing endocervical glands in a nested
configuration with some lobules showing a central dilated gland (arrow). This proliferation is thought to be a precursor
to mucinous adenocarcinoma (hematoxylin and eosin stain, low magnification)

Arias-Stella Reaction
In pregnancy, endocervical glandular cells can become hypervacuolated, hobnailed, or
oxyphilic. The gland lumina may contain tufts of endocervical cells or filiform papillae.
The nuclei are often are of variable size, enlarged, and intranuclear inclusions may be
identified [71]. Nuclei often show degenerative changes. This constellation of changes
is known as the Arias-Stella reaction and is similar to changes of the same name found
in endometrial glands (Fig. 8.31). Patients with these findings are virtually always
pregnant or on hormonal contraception. The small biopsies showing Arias-Stella
changes can be of concern if the patient’s age and history are not known, and a diagnosis
of adenocarcinoma (particularly clear cell carcinoma) may be entertained. The clinical
history, patient age, absence of a mass, and absence of the typical histological patterns
of carcinoma support a benign interpretation.

Fig. 8.31 Arias-Stella change is a benign endocervical proliferation seen in pregnancy and with hormone treatment. It
consists of tufted epithelium with prominent nuclear atypia thought to be secondary to degenerative change. Although
rare in the cervix, it is analogous to its more common endometrial counterpart (hematoxylin and eosin stain, high
magnification)

Equivocal Lesions



Lesions which are abnormal, but which do not meet histopathological or
cytopathological criteria for AIS, have in the past been classified as endocervical
“dysplasia.” In the British system of nomenclature, the term “low-grade glandular
intraepithelial lesion (LG-CGIN)” has been used for histological lesions which are
abnormal but which do not meet the criteria for AIS or invasive carcinoma. For both
endocervical “dysplasia” and LG-CGIN, the interobserver reproducibility is poor and
true endocervical neoplasia on follow-up is not common [35, 72–76]. In histological
specimens, equivocal cases may have some of the features of neoplasia, including gland
proliferation and crowding, some degrees of pseudostratification, mild nuclear atypia,
and evidence of proliferation. As noted above in the section on histological mimics of
endocervical neoplasia, these features can be seen in some benign proliferations. In the
assessment of these lesions, p16 immunohistochemistry can be very useful as HPV-
associated endocervical AIS and invasive carcinoma will be diffusely positive [77,
78]. Equivocal histological lesions which are diffusely positive for p16 are most
consistent with a true neoplastic lesion, and current convention indicates that such
lesions should be classified as AIS (HG-CGIN). The caveat for the use of this test (as
well as HPV testing in general) is that mucinous adenocarcinoma, which may also be in
the differential diagnosis of these benign mimics, is not HPV associated and will not
always show diffuse p16 reactivity. In the Bethesda system for cytology nomenclature,
abnormal presentations of endocervical glandular cells less than AIS have been
designated as simply “atypical endocervical (or glandular) cells” to indicate the
equivocal nature of such presentations [38]. As will be discussed below, a significant
percentage of cases designated as such will show nonneoplastic results on follow-up
procedures. Again, preliminary results of testing with p16/Ki67 immunocytochemical
combinations have shown significant discriminatory power between benign mimics and
true neoplastic lesions [79].

Cytological Mimics of Endocervical Neoplasia (Atypical
Glandular Cells in Cytological Preparations) [38, 39]
“Atypical glandular cells (AGC)” is the preferred broad terminology in cytological
specimens to denote uncertain or equivocal appearances which are abnormal but which
lack sufficient cytological features to allow for a definitive interpretation. AGC can be
subclassified into “atypical endocervical cells (AEC)” where features are most
consistent with cells of an endocervical origin and yet further subdivided into “not
otherwise specified” or “favor neoplasia” based on the confidence of the observer that
a neoplastic lesion may be present. “Atypical endometrial cells” is used when an
endometrial origin is most likely. The more generic AGC should be used when the
origin of the cells is uncertain. The definition of AEC is “endocervical-type cells that



display nuclear (or architectural) atypia that exceeds obvious reactive or reparative
changes but lack unequivocal features of endocervical AIS or invasive
adenocarcinoma” [38]. AEC can include any combination of architectural abnormalities
such as HCGs, pseudostratification, feathering, or rosette formations, or cellular
features such as nuclear enlargement and/or irregularity, chromatin abnormalities, or
mitotic activity (Fig. 8.32). All of these features have been described above as
cytological appearances of AIS and invasive endocervical adenocarcinoma; however,
the presence of some, but a lack of an overall adequate composite of features, may leave
the observer unsure regarding a definitive diagnosis. The use of the AGC family of
interpretations is entirely appropriate in this circumstance. Close monitoring of AGC
rates in a laboratory practice is important. According to surveys from the College of
American Pathologists, AGC interpretation rates should represent about 0.3% of all
cervical cytology specimens. AGC rates which are at significantly higher levels should
be scrutinized to avoid overuse of this category, which routinely leads to significant
clinical intervention [34, 80].

Fig. 8.32 “Atypical endocervical cells” is a designation used in cytological specimens when cells or cell groups are
abnormal but not definitive for neoplasia. In this example, a hyperchromatic crowded group of cells shows some
features suggesting an endocervical origin (nuclear polarity, nucleoli) but falls short of a definitive interpretation of
neoplasia. In such cases, patients should be thoroughly evaluated. About 30–40% of such cases do not show neoplasia
on follow-up examinations and may be secondary to tubal metaplasia, benign endocervical hyperplasias, direct sampling
of endometrium, or changes associated with irritated endocervical polyps (Papanicolaou stain, high magnification)

There are several important specific benign conditions that lead to interpretations of



AGC, because they can present with some of the features of endocervical glandular
neoplasia. Each has, however, specific features that, if recognized, can allow a proper
benign interpretation. It is well recognized that these benign entities can make up a
significant proportion of the follow-up histological outcomes in cases of AGC, in some
series up to 30–40%. Overall, a good approximation is that only about 10–20% of
specimens interpreted as AGC will show a true endocervical neoplastic outcome [76,
81–84].

Tubal Metaplasia
Tubal metaplasia (TM) is a benign reactive condition that commonly involves the
endometrium and the upper regions of the endocervical canal, particularly as women
age [50, 85]. TM replaces the normal cervical simple mucinous epithelium with a
mucin-poor, pseudostratified epithelium which recapitulates the fallopian tube lining. In
one study, TM was found in 100% of high endocervical samples in women over the age
of 30 years [51]. When newer cytological sampling devices, which collect cells from
the upper regions of the canal, were first introduced in the 1980s and 1990s, a
significant increase in interpretations of AGC was initially noted, though due to the
increased sampling of TM [86, 87]. Fortunately, recognition of this issue promptly
ensued with a decline in AGC prevalence to a new baseline. The samples containing
TM show hyperchromatic crowded groups, often with some degree of feathering, and
pseudostratified strips of cells. Nuclei are oval to fusiform and can be enlarged above
that of normal endocervical cell nuclei. Mitotic figures can rarely be noted with TM.
Features that indicate a benign origin include the presence of multiple cell types within
the groups, including ciliated cells and goblet cells, nuclei showing smooth nuclear
contours, and evenly distributed, finely granular chromatin (Fig. 8.33). Often, this
chromatin pattern appears “washed-out” similar to the classic appearance of papillary
carcinoma of the thyroid. This appearance is in sharp distinction to the densely granular
chromatin of AIS (evenly distributed) and invasive carcinoma (heterogeneously
distributed). TM also lacks the apoptotic debris commonly found in neoplasia. The
presence of cilia is indicative of a benign process with a very high degree of certainty.
However, cytologists should be very aware that TM is a very common finding and
therefore can exist in association with endocervical neoplasia. Hence, a finding of cilia
in one group should not mitigate against an abnormal interpretation for other abnormal
groups found on a slide. Ciliated endocervical neoplasias have been reported, but are
extremely rare, and most likely represent lesions of serous origin.



Fig. 8.33 Just as in histologic preparations (see Figs. 8.20 and 8.22), tubal metaplasia presents in cytologic specimens
as pseudostratified strips of columnar cells that can mimic the architecture of AIS. The presence of cilia (arrows) and
the finely granular nuclear chromatin pattern should allow for differentiation (Papanicolaou stain, high magnification)

Directly Sampled Endometrium (Abraded Endometrium)
Direct sampling of the endometrium takes place when the cytological sample is taken
either from the uterine corpus or from an area of cervical endometriosis. In the former
circumstance, the patient is likely to have had a prior cervical excision, which can lead
to a shortening of the canal [88–91]. The native endometrial epithelium is
pseudostratified and therefore can present as pseudostratified strips of cells that mimic
AIS. The classic cytological appearance of endometrium is in the exfoliated form, in
which endometrial cells are shed from the surface of the uterine corpus and round up
into three-dimensional structures as they travel in the mucus of the endocervical canal.
Directly sampled endometrium is abraded from the surface and therefore retains the
typical two-dimensional sheeting of a columnar epithelium and therefore mimics the
appearance of directly sampled endocervical epithelium. There are important
differences to appreciate when considering the differential diagnosis. Endometrial
epithelial cells are much smaller than endocervical cells, having nuclei which are
consistently rounder and smaller than their counterparts in the endocervix. In addition,
abraded endometrium will retain organoid structures characteristic of the endometrium,
including long well-defined tubules with central lumens (Fig. 8.34). In addition,
samples containing abraded endometrium will also contain endometrial stromal cells,
present as pure groups showing characteristic mesenchymal spindled forms, with



delicate cytoplasmic appendages, or present attached to the surface of the dense tubular
epithelial structures (Fig. 8.35). Spindled stromal cells attached to the surface of the
groups may give a low magnification appearance similar to feathering, but close
attention to the cytoplasm should allow for a correct classification. If the endometrium
is sampled during proliferative phase, mitotic activity can be brisk in the tubular
structures, and, in addition, endometrial nuclei can sometimes have degenerative
changes leading to coarse chromatin granularity or even apoptotic debris (e.g., as in
disordered proliferative endometrium). Such changes may cause concern for an
endocervical neoplasia and should be assessed in the context of the other features of
abraded endometrium as noted above.

Fig. 8.34 Direct sampling of endometrium yields three-dimensional structures which represent intact endometrial
glands. The tight-packing, well-delineated margins and the presence of a well-defined central “tube” are key features
to recognize. In comparison to endocervical neoplasia, the nuclei are much smaller and more uniform (Papanicolaou
stain, high magnification)



Fig. 8.35 When endometrium is abraded from the lower uterine segment, endometrial stromal groups can be
prominent in cytological preparations. The margins of these groups can show protrusion of mesenchymal tapered
stromal cell cytoplasm mimicking the “feathering” of AIS (arrow) (Papanicolaou stain, high magnification)

Reactive Changes Associated with Intrauterine Device
The presence of an intrauterine device (IUD) can cause significant irritation of the high
endocervical canal/lower uterine segment surface epithelium leading to cytological
features that can mimic a neoplasm [92, 93]. Most commonly, the so-called IUD change
mimics endometrial lesions because the abnormal cells present as three-dimensional
structures similar to an exfoliated endometrial carcinoma. The cells present in the
groups show enlarged nuclei with chromatin density and coarse granularity secondary to
degenerative change. In addition, prominent cytoplasmic vacuoles are present, referred
to as “bubble gum vacuoles” due to their large size and protrusion from the group
margins (Fig. 8.36). In approximately 25% of cases, the background of the slide will
show Actinomyces organisms and their presence should alert the cytologist to be aware
that an IUD may be present, even in the absence of a history [94]. In distinction from
classic endocervical neoplasia, IUD changes do not include pseudostratified strips of
cells, feathered group edges, or rosette type structures. IUD changes can also show
reactive rounded up endocervical cells with very large nuclei having a high nucleus to
cytoplasm ratio closely mimicking HSIL, which can be found in association with many
cases of AIS (Fig. 8.37). The presence of a prominent nucleolus and degenerative
chromatin are clues to the benign nature of this finding.



Fig. 8.36 Irritation of the high endocervical canal by an intrauterine device can lead to the exfoliation of reactive
endocervical cells with prominent degenerative cytoplasmic vacuoles (arrow). These changes can be concerning for
glandular neoplasia, although they more closely mimic an endometrial as opposed to an endocervical lesion
(Papanicolaou stain, high magnification)

Fig. 8.37 Isolated cells with rounded cytoplasm and high nucleus to cytoplasm ratio can be present in the cervical
cytology specimens from patients with an intrauterine device. These cells closely mimic high-grade squamous



intraepithelial lesions. The presence of prominent nucleoli and a degenerative chromatin pattern (sometimes with
“cracks” in the nuclear material) are key features of this benign process (Papanicolaou stain, high magnification)

Reactive Changes Associated with Endocervical Polyps
Endocervical polyps are exceedingly common benign growths of endocervical
epithelium covering stromal tissue. They typically form mass lesions that are
identifiable at the time of colposcopy and can present with symptoms of bleeding,
altogether leading to a clinical concern for the presence of a malignant process. The
mass lesion and bleeding are the consequence of a reactive proliferation caused by
trauma, which can cause erosion of the surface epithelium with the exposure of
underlying stromal vessels. Hence, the cytologist may already be primed by the history
with a concern for neoplasia when they initially examine the slide. Fortunately
reactive/reparative endocervical epithelium shows a characteristic pattern that is
generally easy to identify as a benign process. Reparative changes present as two-
dimensional sheets of cells that are tightly cohesive. Few of any isolated cells of similar
appearance are found in the background. The cells show abundant dense cytoplasm
which has prominent cell boundaries and appendages which extend from the edges of
the group (“taffy-pull cytoplasm”). The groups maintain polarity with cells arranged in a
streaming pattern (“school of fish” appearance). The nuclei are enlarged with prominent
macronucleoli indicative of their increased metabolic state. The chromatin structure
remains finely granular and evenly distributed within the nucleus. Inflammatory cells
(generally neutrophils) are present within the cell groupings (Fig. 8.38). If all the
features noted above are present in a case, a benign interpretation is reliable and
warranted. However, in severely traumatized reparative reactions, nuclei within the
groups can have significant pleomorphism of size and shape with associated
degenerative heterogeneity of the chromatin. In this circumstance, an interpretation of
AGC (“atypical repair”) may be warranted as in such cases the differential diagnosis
can include invasive adenocarcinoma [95, 96]. Cases where it is virtually impossible to
discern between atypical repair and cancer are well known to any experienced
cytologist, and it is always best to refer the patient for additional work-up in such
circumstances.



Fig. 8.38 The endocervical epithelium on the surface of irritated polyps can show marked atypia secondary to
epithelial repair. In cytological specimens, (a) reparative reactions show cell groupings with two-dimensional
architecture, prominent intracytoplasmic boundaries, abundant dense cytoplasm with tapered appendages (“taffy-pull”
cytoplasm – arrows) (Papanicolaou stain, high magnification). Nuclei show uniform prominent nucleoli, and neutrophils
commonly infiltrate the groups. Histological specimens show identical types of cells on the surfaces of polyps (b)
(hematoxylin and eosin stain, medium magnification)

High-Grade Squamous Intraepithelial Lesions Involving
Endocervical Glands
Squamous neoplastic precursor lesions (HSIL) are commonly present in association
with endocervical neoplasia, particularly in the case of AIS. Up to 50% of patients with
AIS have been shown to also harbor HSIL [23]. As endocervical neoplasia is relatively
rare compared to its squamous counterpart, the opposite is not true – HSILs only rarely
show accompanying AIS. Interestingly, HSIL can also mimic the appearance of
glandular neoplasia, particularly when it involves the endocervical glands of the mid- to
upper regions of the canal [97, 98] (Fig. 8.39). HCGs of HSIL can be collected from
solid areas within the gland necks, and, in such circumstances, the groups can take on a
different appearance than the classic syncytial groups of HSIL (described elsewhere –
see Chap. 6), which lack architectural polarity and nucleoli. HSIL involving glands
typically maintains group polarity in a manner that can give the appearance of a
columnar configuration. In addition, nuclei maintain their coarse chromatin but show
prominent nucleoli, more reminiscent of the classic nuclear features of neoplastic
glandular cells (Fig. 8.40). Clues to the squamous nature of the process include lack of a
luminal surface to the pseudocolumnar groups, a dense “glassy” cytoplasmic texture (as
opposed to the granular/frothy texture of endocervical cells), and, most importantly, the
presence of classic isolated HSIL cells in the slide background. This look-alike is well
documented as many follow-up studies have noted that HSIL remains the most common
neoplastic outcome of an original interpretation of AGC [81, 82]. A recent study



suggests that the use of PAX8 and PAX 2 immunostaining may be helpful in the
discrimination of benign glandular, AIS, and squamous intraepithelial lesions. PAX2
reactivity is lost in a majority of neoplasias compared to its presence in nearly all
benign proliferations; and PAX8 negativity favors a squamous neoplasia [99].

Fig. 8.39 High-grade squamous intraepithelial lesions often replace the endocervical epithelium within gland necks
and crypts. In such cases, the cytological appearance of the cells can be very “gland-like” (hematoxylin and eosin
stain, medium magnification)



Fig. 8.40 High-grade squamous intraepithelial lesions (HSILs) present within endocervical glands present commonly
in cytological specimens as “atypical endocervical cells.” Hyperchromatic crowded groups with retained polarity and
columnar-like tapering are commonly seen. Nucleoli can be present in distinction to their absence in the majority of
surface HSILs (Papanicolaou stain, high magnification)

Conclusion Endocervical neoplasia is still a rare disease, making up a minority of
cervical cancers when compared to its squamous counterparts. However, as opposed
to squamous carcinomas, whose overall incidence has dramatically decreased in the
last several decades, consistent with the effects of organized screening programs,
endocervical adenocarcinoma has shown a small increase in overall incidence. AIS
has shown an even more pronounced increase in incidence, and this is undoubtedly
due to a combination of absolute increase of disease, improved sampling, and better
recognition of the cytological and histological features leading to more sensitive
detection. Combinations of cytology and HPV testing (co-testing), or primary HPV
testing alone (see Chap. 2), both share the promise of continued improvements in
detection and, with improved detection, earlier identification and improved
outcomes.
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Abstract
Many recent studies of cervical carcinoma have focused on unusual subtypes of
endocervical adenocarcinoma that arise independently of high-risk HPV infection. This
chapter summarizes the clinicopathological features of HPV-negative endocervical
adenocarcinomas and their precursors, particularly gastric-type adenocarcinoma, an
emerging entity, as well as clear cell, serous, and mesonephric carcinomas.
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Introduction
High-risk human papillomavirus (HPV) infection is implicated in the carcinogenesis of
endocervical adenocarcinomas as well as squamous cell carcinomas. However, the
reported prevalence of HPV detection in adenocarcinomas varies significantly from
62% to 97% in the English-language literature [1–5]. This variation was considered to
be caused largely by differences in detection assays, specimen types (i.e., biopsy,
conization, or hysterectomy specimens), patient population, or socioeconomic status.
However, recent studies have focused on unusual subtypes of endocervical
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adenocarcinoma, which arise independently of high-risk HPV, as represented by gastric-
type adenocarcinoma (GAS), an emerging entity, as well as clear cell, serous, and
mesonephric carcinomas [6–9]. This chapter summarizes the clinicopathological
features of HPV-negative endocervical adenocarcinomas and their precursors.

Non-HPV-Related Invasive Adenocarcinomas
The recently revised WHO Classification of Tumors of Female Reproductive Organs
(2014) separates true mucinous carcinoma to distinguish it from usual-type endocervical
adenocarcinoma. The latter accounts for approximately 90% of all endocervical
adenocarcinomas [10], which were mostly designated as endocervical-type mucinous
adenocarcinomas in the previous version of the WHO classification published in 2003
[11]. The 2014 classification describes GAS as a variant of mucinous carcinoma. GAS
is a distinct entity that arises independently of HPV and shows aggressive clinical
behavior. Other unusual variants include villoglandular, clear cell, serous,
endometrioid, and mesonephric carcinomas. Recent studies have shown that the latter
four, as well as GAS, are also non-HPV related [1, 2, 6, 9, 12] and thus are a pitfall of
HPV DNA testing as an adjunctive tool for screening and HPV vaccination for
prevention of cervical cancer. Importantly, TP53 mutation is more common in HPV-
negative tumors [13–15], and some studies have reported the aggressive nature of p53-
positive/TP53-mutated or HPV-negative endocervical adenocarcinomas [14–16]. From
the clinical point of view, differences between squamous cell carcinoma and
adenocarcinoma of the uterine cervix have been controversial, but some authors suggest
an unfavorable outcome in patients with adenocarcinoma. These differences may result
from the higher incidence of HPV-negative tumors in adenocarcinomas by comparison
with squamous cell carcinomas, which are almost always HPV related. Therefore,
pathologists, cytologists, and gynecologists should be aware of the existence of non-
HPV-related endocervical adenocarcinomas (Tables 9.1 and 9.2).

Table 9.1 HPV-positive and negative adenocarcinomas

HPV positive HPV negative
Usual type

Intestinal-type mucinous carcinomaa

Serous carcinomab

Endometrioid carcinomab

Clear cell carcinoma
Mesonephric carcinoma
Serous carcinoma
Endometrioid carcinoma
Gastric-type mucinous carcinoma

aAbsence of HPV detection reported by some studies [1, 2, 7]
bSome studies have implicated high-risk HPV infection [1, 2, 6, 9, 12], possibly as a
function of different diagnostic criteria



Table 9.2 Detection rate of high-risk HPV in cases of unusual endocervical adenocarcinoma

Histological type % (n) Authors
Gastric-type mucinous carcinoma (including MDA) 0% (0/1)

0% (0/3)
0% (0/6)
0% (0/2)
0% (0/3)
0% (0/7)
0% (0/6)
0% (0/14)
0% (0/7)
0% (0/20)
8.3% (1/12)
25% (1/4)

Fukushima et al. [17]
Ferguson et al. [18]
Toki et al. [19]
Pirog et al. [1]
Xu et al. [20]
Kusanagi et al. [8]
Houghton et al. [7]
Park et al. [21]
Holl et al. [22]
Molijn et al. [23]
Pirog et al. [9]
An et al. [2]

 Total 2.4% (2/85)  

Clear cell carcinoma 0% (0/4)
0% (0/3)
0% (0/9)
0% (0/13)

13% (2/15)a

20% (6/30)
27.6% (8/29)

Pirog et al. [1]
Houghton et al. [7]
Park et al. [21]
Ueno et al. [24]
Molijn et al. [23]
Pirog et al. [9]
Holl et al. [22]

 Total 15.5% (16/103)  

Mesonephric carcinoma 0% (0/1)
0% (0/2)
0% (0/1)
0% (0/7)

Pirog et al. [1]
Houghton et al. [7]
Park et al. [21]Kenny et al. [25]

 Total 0% (0/11)  

Serous carcinoma 0% (0/1)
0% (0/9)
25% (6/24)
30.4% (7/23)
33.3% (4/12)
100% (1/1)
100% (1/1)

Pirog et al. [1]
Molijn et al. [23]
Pirog et al. [9]
Holl et al. [22]
Togami et al. [26]
Houghton et al. [7]
Park et al. [21]

 Total 28.2% (20/71)  

Endometrioid carcinoma 12.9% (4/31)

13% (1/8)a

27.3% (3/11)
80% (8/10)
100% (4/4)

Holl et al. [22]
Molijn et al. [23]
Pirog et al. [9]
An et al. [2]
Pirog et al. [1]



 Total 31.3% (20/64)  

Intestinal-type mucinous carcinoma 0% (0/3)
83.3% (5/6)
76.7% (18/21)

An et al. [2]
Houghton et al. [7]
Pirog et al. [1]

 Total 76.7% 23/30  

aCases positive for HPV by whole-tissue section polymerase chain reaction (PCR)
further analyzed by laser capture microdissection and PCR

Authors and HPV types examined in each study

Fukushima et al. [17] 6, 16, 18, 31, 33
Ferguson et al. [18] 16,18, 45
Toki et al. [19] 16, 18
Pirog et al. [1] 6,11, 16, 18, 31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 66, 68, 70, 74
Xu et al. [20] 6,11, 16, 18, 31, 33, 35, 52b, 58,
Kusanagi et al. [8] 6, 11, 16, 18, 30, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66
Houghton et al. [7] High risk: 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, 82

Low risk: 6, 11, 40, 42, 54, 55, 61, 62, 64, 67, 69, 70, 71, 72, 81, 83, 84, IS39, CP108
Park et al. [21] High risk: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, 73

Low risk: 6, 11, 34, 40, 42, 43, 44, 53, 70, 74
Holl et al. [22] High risk: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, 73

Low risk; 6, 11,34, 40, 42, 43, 44, 53, 54, 70, 74
Molijn et al. [23] High risk: 16, 18, 31, 33, 34, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, 73

Low risk; 6, 11,34, 40, 42, 43, 44, 53, 54, 70, 74
Pirog et al. [9] 6, 11, 16, 18, 31, 33, 34, 35, 39, 40, 32, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 66, 68, 70, 74
An et al. [2] High risk: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, 69

Low risk: 6, 11, 34, 40, 42, 43, 44
Ueno et al. [24] 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68
Kenny et al. [25] High risk: 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, 82

Low risk: 6, 11, 40, 42, 54, 55, 61, 62, 64, 67, 69, 70, 71, 72, 81, 83, 84, IS39, CP108

Gastric-Type Adenocarcinoma
The revised WHO classification strictly defines mucinous carcinoma to include tumors
composed of cells with intracytoplasmic mucin and includes gastric-type
adenocarcinoma (GAS) in this group, as well as intestinal and signet-ring cell types.

The concept of GAS was first proposed by Kojima et al. in 2007 and included
minimal deviation adenocarcinoma (MDA) (Fig. 9.1) in its morphological spectrum as
an extremely well-differentiated variant, based on common gastric morphology and
phenotype and aggressive clinical behavior [27]. Before the introduction of the concept



and diagnostic criteria for GAS, the less-differentiated form was designated as
endocervical-type mucinous adenocarcinoma [27, 28], which was in fact a wastebasket
diagnostic category in the WHO 2003 classification. GAS is common in Japan,
accounting for 20% to 25% of all endocervical adenocarcinomas [27], and limited data
and personal communications indicate that it is less frequent in western countries [29,
30]. A European multinational epidemiological study demonstrated that GAS accounted
for 1.5% (7/461) of all endocervical adenocarcinomas [22]. Microscopically, GAS is
characterized by a proliferation of columnar cells with abundant pale or pale
eosinophilic cytoplasm and distinct cell borders, arranged in glandular or cribriform
patterns (Fig. 9.2) [27]. A recent study has described a foamy gland variant
characterized by microvesicles in the cytoplasm [31], as seen in a variant of pancreatic
adenocarcinoma with a deceptively benign appearance [32].

Fig. 9.1 Minimal deviation adenocarcinoma (MDA). Highly differentiated neoplastic glands with abundant pale
intracytoplasmic mucin and basally located bland nuclei, infiltrating into the stroma. Limited sampling may be
challenging for making a definite diagnosis because of the absence of nuclear anaplasia or desmoplastic stromal
reaction



Fig. 9.2 Gastric-type adenocarcinoma. Well-differentiated but angulated or occasionally fused neoplastic glands
composed of cells with abundant pale or pale eosinophilic cytoplasm and distinct cell borders, infiltrating into the
stroma. Desmoplastic reaction is easily discernible

GAS characteristically has a gastric immunophenotype, as shown by positive
staining with HIK1083 and/or anti-MUC6 antibody, two representative antibodies that
recognize pyloric gland mucin of the stomach, and it is usually negative for p16INK4a

[27]. A comprehensive immunohistochemical study revealed that this tumor is frequently
positive for p53 (mutation pattern), paired box gene-8 protein (PAX8), and carbonic
anhydrase type IX [33]. HER2 expression is only rarely seen, in contrast to prototypical
gastric adenocarcinoma [33]. In addition, p16INK4a, a marker of HPV-driven neoplasms,
is usually negative [21, 27], and subsequently Park et al. [6], Houghton et al. [7] and
Kusanagi et al. [8] independently demonstrated the absence of high-risk HPV in cases of
GAS.

Clinical presentation of GAS is similar to usual-type adenocarcinoma, but a notable
finding is mucoid or watery discharge, as in cases of MDA. Magnetic resonance
imaging features are distinctive and characterized by highly infiltrating and endophytic
growth without forming well-demarcated masses associated with occasional cystic
spaces, location in the upper cervix, and frequent vaginal or parametrial invasion in
more than 60% of cases [34]. Importantly, Kojima et al. demonstrated that patients with
GAS had significantly decreased overall survival of 30%, compared with 77% in those
with usual-type tumors [27]. This aggressive nature was also demonstrated in a larger
study. Based on a review of 40 cases of GAS, Karamurzin et al. reported frequent



lymph node and distant metastasis with a 5-year-disease-specific survival of 42%
compared with 91% in usual-type adenocarcinoma [35]. A subset of HPV-negative and
TP53-mutated or p53-immunopositive endocervical adenocarcinomas, which show
aggressive clinical behavior [14–16], might represent GAS. Omori et al. recently
demonstrated that alteration of cyclin-dependent kinase inhibitors, including p16, p14,
p27 and p21, and p53 overexpression, is closely related to frequent lymph node
metastasis and worse prognosis in HPV-negative endocervical adenocarcinomas,
including GAS [36].

A unique clinical presentation of GAS is an association with synchronous multifocal
mucinous metaplasia and neoplasia of the female genital tract, involving the
endometrium, fallopian tubes, ovaries, and uterine cervix. It may be associated with
Peutz-Jeghers syndrome (PJS) [37–40]. Recently, a case of GAS arising in a patient
with Lynch syndrome has been described [41].

Endometrioid Carcinoma
Some studies have shown that endometrioid carcinoma is an HPV-driven neoplasm.
However, the detection rate of high-risk HPV, as well as the incidence of this particular
subtype of endocervical adenocarcinoma, varies significantly, ranging from 12.9% to
100%, with a total of 31.3% (20/64) in the English-language literature [1, 2, 9, 22, 23].
Endometrioid carcinoma is defined as showing features similar to endometrioid
carcinoma of the uterine corpus. With strict criteria of the absence or paucity of
intracytoplasmic mucin, and existence of ciliated cells, squamous differentiation, or
morules (Fig. 9.3) and exclusion of extension from an endometrial carcinoma,
endometrioid carcinoma of the cervix appears to be a rare neoplasm, with an incidence
of less than 10% of all endocervical adenocarcinomas [42], and most cases are
considered to be HPV negative. A significant number of HPV-related, usual-type
endocervical adenocarcinomas may have been regarded as endometrioid carcinoma
because of the paucity of intracytoplasmic mucin, resulting in a higher incidence of up to
30% in some series [42, 43].



Fig. 9.3 Endometrioid carcinoma. Cribriform or fused glands composed of tall columnar cells without
intracytoplasmic mucin

Serous Carcinoma
Diagnosis of serous carcinoma of the uterine cervix should be established by diligent
imaging studies and microscopic examination to eliminate secondary cervical
involvement by serous carcinoma of other sites including the endometrium, fallopian
tubes, ovaries, or peritoneum. Serous carcinoma shows proliferation of highly
anaplastic cells arranged in papillary, micropapillary, or solid growth with occasional
slit-like spaces (Fig. 9.4). Strictly defined primary serous carcinoma of the cervix is
rare and accounts for less than 1% of all endocervical adenocarcinomas. It should be
kept in mind that usual-type endocervical adenocarcinoma occasionally shows a
micropapillary pattern of growth and nuclear anaplasia, imparting a close resemblance
to serous carcinoma (Fig. 9.5) [44]. Such tumors arising in young patients may have
been designated as HPV-positive serous carcinomas of the cervix in the English-
language literature [7, 10]. In addition, serous carcinoma shows immunoreactivity for
p16INK4a as a result of non-HPV-related mechanisms [45]. Some investigators have
suggested that serous carcinoma is HPV driven, although the detection rate of high-risk
HPV ranges from 0% to 100%, with a total of 28.2% (20/71) in the literature [1, 7, 9,
21–23, 26].



Fig. 9.4 Serous carcinoma, composed of highly anaplastic cells showing papillary or micropapillary architecture

Fig. 9.5 Usual-type adenocarcinoma with micropapillary pattern. Piling up of anaplastic cells without stromal core,
imparting a close resemblance to the characteristic architectural pattern of serous carcinoma (right side). In this
particular case, usual-type endocervical adenocarcinoma composed of columnar cells was also seen (left side)



Clear Cell Carcinoma
Clear cell carcinoma is characterized by neoplastic cells with abundant clear cytoplasm
caused by accumulation of glycogen, arranged in tubular, tubulocystic, papillary,
micropapillary, and solid patterns, as well as a hobnail appearance of cells (Fig. 9.6).
Stromal hyalinization resulting from deposition of basement membrane material is a
common finding. As in serous carcinoma, diagnosis of clear cell carcinoma is made
after excluding secondary involvement by endometrial or ovarian tumors. It is well
known that this particular tumor was commonly found among young women who had a
history of in utero exposure to diethylstilbestrol (DES), a synthetic estrogenic agent that
was approved by the US Food and Drug Administration in 1941 [46]. However,
patients are now mostly postmenopausal, and clear cell carcinoma appears to be
independent of exposure to DES. Recent studies have shown that clear cell carcinoma is
mostly unrelated to HPV [1, 7, 21, 24], although three studies detected HPV in 13%
[23], 20% [9], and 27.3% [22] of cases. Clear cell carcinoma frequently shows
increased epidermal growth factor receptor (EGFR) or HER2 expression or activation
of AKT or mammalian target of rapamycin (mTOR). Therefore, tyrosine kinase inhibitor
blockade of the AKT-mTOR pathway might be an effective treatment strategy for this
tumor [24].

Fig. 9.6 Clear cell carcinoma, composed of cells with abundant clear cytoplasm

Mesonephric Carcinoma



Mesonephric duct remnants and hyperplasia are the putative origins of mesonephric
carcinoma, because of morphology, topographic relationship, and immunophenotype.
Mesonephric carcinoma is characterized by proliferation of cuboidal or columnar cells
with pale eosinophilic cytoplasm, arranged in tubular, trabecular, papillary, reticular, or
solid patterns, and diastase-resistant periodic acid-Schiff (PAS)-positive luminal
secretion (Fig. 9.7). Well-differentiated mesonephric carcinoma can be misinterpreted
as endometrioid carcinoma. Immunohistochemically, it is positive for CD10, inhibin,
and calretinin and negative for estrogen receptor and p16INK4a. More recent studies
have shown that it is positive for HMGA2 [25], PAX8 [25, 47], and GATA3 [48] and
occasionally can be positive for hepatocyte nuclear factor 1-β (beta) and thyroid
transcription factor 1 (TTF-1) [25]. Detection of high-risk HPV has not hitherto been
reported in cases of this subtype of endocervical adenocarcinomas [1, 7, 21, 25].

Fig. 9.7 Mesonephric carcinoma, composed of columnar cells arranged in a tubular pattern, with eosinophilic
intraluminal secretion

Histogenesis and Precursors of Non-HPV-Related
Endocervical Adenocarcinomas
Better understanding of precursor lesions of endocervical adenocarcinomas is
mandatory to establish the strategy for early detection of this particular tumor and
cancer prevention. For this purpose HPV- and non-HPV-related pathways of



carcinogenesis should be separated because HPV-targeted adjunctive tools and
strategies appear to be a pitfall for early detection and prevention.

Lobular Endocervical Glandular Hyperplasia (LEGH) as a
Precursor of GAS
There is a lot of evidence indicating a link between LEGH, also known as pyloric gland
metaplasia (PGM), and GAS/MDA. LEGH was first described by Nucci et al. in 1999
as a worrisome benign mimic of MDA, characterized by proliferation of small glands
arranged in a lobular fashion around cystically dilated endocervical glands (Fig. 9.8)
[49]. Simultaneously, an identical lesion was described as PGM of the uterine cervix by
Mikami et al. [50, 51]. LEGH shows a gastric immunophenotype, as demonstrated by
positive staining with HIK1083, an antibody that recognizes pyloric gland mucin.
Although LEGH/PGM was originally considered to be a benign condition, it shows a
spectrum of cytological atypia, ranging from reactive changes or nuclear abnormalities
of uncertain significance to significant atypia considered to be intraepithelial carcinoma
(atypical LEGH) (Fig. 9.9). It has also been shown to coexist with invasive
adenocarcinoma including MDA [52, 53]. In addition, Kawauchi et al. and Mikami et
al. demonstrated that atypical LEGH has copy number abnormalities that are shared by
MDA [54] and p53 immunoreactivity (mutant pattern) and high Ki-67 labeling index
similar to MDA [55]. Xu et al. reported the absence of HPV in LEGH [20]. These facts
suggest an HPV-independent pathway of carcinogenesis linking LEGH and GAS/MDA
(LEGH-GAS/MDA sequence). Therefore, it appears reasonable to consider that a
subset of LEGH, in particular, with atypical features (atypical LEGH), represents a
neoplastic condition and thus is a precursor of GAS/MDA. Kuragaki et al. demonstrated
abnormalities of STK11/LKB1, a gene responsible for PJS, in sporadic cases of MDA
unrelated to PJS. Recently, Ito et al. reported a single case with an identical KRAS gene
mutation in LEGH associated with GAS [56]. Matsubara et al. demonstrated frequent
GNAS, KRAS, or STK11/LKB1 mutations, which are mutually exclusive, in 42% (8/19)
of cases of LEGH [57]. However, it should be kept in mind that LEGH is not uncommon
in the general population, and otherwise prototypical LEGH without any cytological
atypia is a benign condition, although it can be a risk factor for GAS/MDA. It appears
that a subset of cases in the series examined by Matsubara et al. represent atypical
LEGH (personal communication).



Fig. 9.8 LEGH. Clusters of small glands surrounding central cystically dilated endocervical glands with a close
resemblance to pyloric glands of the stomach, justifying pyloric gland metaplasia as a synonym (a). The small glands
are composed of columnar cells with pale eosinophilic cytoplasm and basally located bland nuclei (b)

Fig. 9.9 LEGH, with intraepithelial carcinoma. In this case, the patient was diagnosed as having Peutz-Jeghers
syndrome based on pigmented macules on the lips and hamartomatous intestinal polyps

Another precursor of GAS is gastric-type adenocarcinoma in situ (AIS) [29, 30,
52]. In contrast to atypical LEGH, it is defined as replacement of preexisting mucin-
producing columnar cells by highly atypical cells with abundant pale or pale
eosinophilic cytoplasm similar to those of GAS, with preservation of the normal
endocervical gland architecture (Fig. 9.10). Gastric-type AIS may be preceded by



simple gastric (pyloric gland) metaplasia that does not show the lobular architecture
characteristic of LEGH [29, 30]. In contrast to the LEGH-GAS/MDA sequence, an
HPV-independent pathway of carcinogenesis, a subset of gastric-type AIS is positive for
p16INK4a [52]. This might be a consequence of heterodifferentiation of usual-type AIS
and is related to HPV, although HPV status in this condition remains undetermined.

Fig. 9.10 Gastric-type AIS. Preexisting glands lined by atypical columnar cells with clear cytoplasm (a). Columnar
cells with nuclear enlargement and overlapping and abundant cytoplasm showing distinct cell borders (b).
Immunohistochemistry using HIK1083, a specific antibody, recognizing pyloric gland mucin, showing positive
cytoplasmic staining of glandular cells (c)

Precursors of Clear Cell Carcinoma
DES-associated clear cell carcinoma, which typically occurs in young women, is
considered to be associated with vaginal adenosis or a congenital abnormality of the
lower female genital tract, independent of HPV. A rare example of clear cell-type AIS
has been described [58], which can coexist with invasive clear cell carcinoma of the
cervix (Fig. 9.11).



Fig. 9.11 Clear cell carcinoma in situ. The upper portion of the endocervical gland is occupied by atypical cells with
abundant clear cytoplasm

Serous Carcinoma In Situ
Serous carcinoma in situ is rarely seen and is characterized by highly anaplastic cells
replacing preexisting endocervical glands without destructive stromal invasion (Fig.
9.12). It should be kept in mind that serous endometrial carcinoma may be implanted
throughout the endocervix, imparting a close resemblance to serous carcinoma in situ,
and this possibility should be considered when examining cervical biopsy specimens.



Fig. 9.12 Serous carcinoma in situ. Highly anaplastic cells replacing preexisting mucin-producing columnar cells of
the endocervical glands, without destructive stromal invasion

Endometrioid Carcinoma In Situ and Tuboendometrioid
Metaplasia or Endometriosis
Jaworski et al. described an endometrioid variant of AIS, and it can be identified in
association with usual-type AIS, or be present alone [59]. The differences in detection
rate of HPV in the literature suggest that hitherto examined endometrioid carcinomas
include HPV-positive usual-type adenocarcinoma with a paucity of intracytoplasmic
mucin, providing a resemblance to prototypical and true endometrioid carcinoma, which
may be associated with tuboendometrioid metaplasia or endometriosis of the uterine
cervix.

Mesonephric Remnants and Hyperplasia
Mesonephric duct remnants and hyperplasia are considered to be putative precursors of
mesonephric carcinoma, although in the English-language literature there are no
descriptions of mesonephric carcinoma in situ. Candidate genes implicated in the
pathogenesis of mesonephric carcinoma include KRAS, NRAS, ARID1A, ARID1B,
SMARC4A, and IDH1 [60].
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Abstract
This chapter deals with mesenchymal and mixed epithelial-mesenchymal neoplasms of
the cervix. These are, in general, uncommon neoplasms compared to their counterparts
in the uterine corpus.

Keywords Cervix – Mesenchymal neoplasms – Mixed epithelial and mesenchymal
neoplasms

Introduction
Mesenchymal and mixed epithelial and mesenchymal neoplasms (mixed Mullerian
tumors) occasionally occur in the cervix but are much less common than in the uterine
corpus. Some involve the cervix by direct spread from the corpus. In general, the
morphological features are similar to the corresponding neoplasms in the uterine
corpus. In this chapter, an overview of these cervical neoplasms is provided, and
differences from the corresponding neoplasms in the uterine corpus are discussed when
appropriate.

Mesenchymal Neoplasms
Smooth Muscle Neoplasms
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Leiomyomas are by far the most common mesenchymal neoplasm to occur within the
cervix but are much less common than in the uterine corpus [1]. The morphological
features are usually those of a typical leiomyoma composed of bland spindle-shaped
cells, but, compared to their counterparts in the corpus, cervical leiomyomas are more
likely to exhibit nuclear palisading, reminiscent of a neurilemmoma (“neurilemmoma-
like” leiomyoma or “schwannoma-like” leiomyoma) (Fig. 10.1). Leiomyoma variants,
similar to those occurring in the corpus, also occur in the cervix. Leiomyosarcomas,
including epithelioid and myxoid variants, occasionally occur as primary cervical
neoplasms [2].

Fig. 10.1 Leiomyoma of the cervix exhibiting nuclear palisading

Embryonal Rhabdomyosarcoma
Embryonal rhabdomyosarcoma (sarcoma botryoides) occurs uncommonly, but not
rarely, as a primary cervical neoplasm. Affected patients are most commonly in the late
teens and early twenties (mean age 18 years), although the age range is relatively wide
and much older patients can be affected [3–9]. The usual presentation is vaginal
bleeding or a mass protruding from the introitus. There is an association between
cervical embryonal rhabdomyosarcomas, ovarian Sertoli-Leydig cell tumors, thyroid
goiters, pleuropulmonary blastomas, and some other embryonic neoplasms. This is due
to underlying germline DICER1 mutation [10, 11]. Since some studies show that a
significant minority of patients (around 20%) with cervical embryonal
rhabdomyosarcoma have other DICER1-associated tumors [12], the diagnosis should



prompt consideration of the DICER1 syndrome with a careful review of the patient’s
personal and family history with genetic studies if appropriate. It is also noteworthy that
while most patients with either proven germline DICER1 mutation or DICER1-
associated cervical embryonal rhabdomyosarcoma reported in the literature are
relatively young (<25 years), occasional cases arise in older women [13] such that
older age is not a reliable criterion for excluding DICER1 syndrome in patients with
cervical embryonal rhabdomyosarcoma.

Grossly, cervical embryonal rhabdomyosarcoma usually takes the form of a
polypoid mass or multiple polyps, which may be totally removed by polypectomy.
Occasionally, there is an infiltrative mass without a polypoid architecture, but this is
uncommon. The cut surface may be myxoid with areas of necrosis, and some neoplasms
have an overtly botryoid (grapelike) gross appearance.

Histological examination usually shows a polypoid lesion covered by a variety of
types of benign glandular Mullerian-type epithelium, sometimes with focal squamous
differentiation (Fig. 10.2a). Glands may also be present deep within the core of the
neoplasm. The features of malignancy may be subtle in that, in large part, the stroma can
be hypocellular and myxoid or edematous. However, tightly packed hypercellular foci
are also present which sometimes coalesce to form large cellular aggregates. There is
usually mitotic and apoptotic activity within the cellular foci (Fig. 10.2b).
Characteristically there is increased cellularity around the glandular elements, resulting
in a cambium layer, and here mitotic figures and apoptotic bodies are usually apparent.
Most of the stromal cells have small hyperchromatic nuclei with scant cytoplasm and
delicate cytoplasmic processes, but cells with larger nuclei and an almost epithelioid
appearance may be present. Cells with more abundant eosinophilic cytoplasm and
cytoplasmic cross striations may also be identified (Fig. 10.2c), but these are typically
difficult to find, are not present in all cases, and are not necessary for the diagnosis.
Islands of hyaline or cellular, but benign, cartilage are a common feature being found in
approximately 50% of these neoplasms (Fig.10.2d), a much higher incidence than in
embryonal rhabdomyosarcoma arising at other sites [3–9]. In occasional cases, there
are foci resembling alveolar rhabdomyosarcoma, or collections of pleomorphic cells
with multilobated nuclei are present; the clinical significance of these features is
uncertain. Hyaline globules may be present in association with the pleomorphic cells.
There are commonly areas of hemorrhage with extravasated erythrocytes or necrosis.
The hemorrhage may be so extensive as to mask the underlying hypercellular areas to
some extent.



Fig. 10.2 Embryonal rhabdomyosarcoma of the cervix with low-power polypoid architecture. The lesion is covered
by squamous epithelium, and the underlying stroma is somewhat edematous with cellular foci (a). There are cellular
aggregates exhibiting mitotic activity (b). Collections of cells with more abundant eosinophilic cytoplasm are present in
some cases (c). Islands of cellular cartilage are present in some cases (d)

Positive nuclear staining with the skeletal muscle markers myogenin and myoD1
assists in diagnosis, but typically only a minor proportion of the nuclei are
immunoreactive (Fig. 10.3). Desmin is usually positive but normal cervical stroma is
also desmin positive. Hormone receptors (estrogen receptor (ER) and progesterone
receptor (PR)) are generally negative, as is smooth muscle actin and h-caldesmon.



Fig. 10.3 Cervical embryonal rhabdomyosarcoma exhibiting nuclear staining with myogenin

Given the polypoid nature of the lesion and the presence of a cambium layer, often
the main differential diagnosis is an adenosarcoma with heterologous stromal elements,
especially in those cases where glands are present deep within the core of the
neoplasm. An absence of the typical phyllodes-like (club-like or leaflike) architecture
of adenosarcoma is helpful, as is the usual relative paucity of glands deep within the
stroma. Adenosarcomas usually occur in an older age group. However, in some cases
the distinction between cervical embryonal rhabdomyosarcoma and adenosarcoma may
be arbitrary. Given the hypocellular background, an unusual benign endocervical or
endometrial polyp or endometriosis may also be considered in the differential
diagnosis, but these are usually easily excluded given the morphological features
described above. Carcinosarcoma is excluded due to the absence of a malignant
epithelial component.

Most cervical embryonal rhabdomyosarcomas are treated by a combination of
surgery (which may be radical or comprise local conservative excision) and
chemotherapy, and the overall prognosis is good with an approximately 80% overall
survival [14]. However, there are few large series with significant follow-up. In
agreement with these findings, patients with cervical embryonal rhabdomyosarcoma
presented at lower stage and had a better 5-year prognosis than younger patients with
vaginal rhabdomyosarcoma in a review of the SEER database [14]. The main adverse
prognostic feature is deep invasion of the cervical stroma, but this is uncommon.



Myofibroblastoma of the Lower Female Genital Tract
Myofibroblastoma of the lower female genital tract was first described by Laskin et al.
and was originally referred to as superficial cervicovaginal myofibroblastoma [15].
These authors reported a distinctive mesenchymal tumor arising in the superficial
lamina propria of the cervix and vagina [15]. The term superficial cervicovaginal
myofibroblastoma was proposed to encompass the superficial location in the cervix or
vagina and presumed myofibroblastic differentiation. A subsequent series of cases
involved the vagina and the vulva, and the term superficial myofibroblastoma of the
lower female genital tract was proposed since some neoplasms have a vulval location
[16, 17].

These neoplasms occur in premenopausal or postmenopausal women and usually
present as polypoid lesions. Some patients have been on tamoxifen, raising the
possibility of an association with this medication [15–17]. Based on the morphology
and follow-up, superficial myofibroblastoma of the lower female genital tract is a
benign lesion, although there is uncommonly local recurrence following excision
[15–17]. Metastasis or malignant transformation has not been reported.

Grossly these are well circumscribed and are often, but not always, polypoid in
appearance. Histological examination shows a well-circumscribed but unencapsulated
lesion covered by unremarkable squamous or glandular epithelium. Deep to the surface
epithelium, there is usually an uninvolved grenz zone, although sometimes the lesion
extends up to the epithelial-stromal junction. There are typically areas of varying
cellularity, the constituent cells having bland ovoid, spindled, or stellate nuclei,
sometimes with a somewhat wavy appearance. The cells are embedded in a finely
collagenous stroma, sometimes with thicker collagen bundles (Fig. 10.4a). Multiple
architectural patterns, including lacelike, sievelike, and fascicular, which result in a
heterogeneous appearance, are a characteristic feature. The stroma is often overtly
edematous which results in the lacelike architecture. Occasionally, there is stromal
myxoid change. Few or no mitoses are present.



Fig. 10.4 Superficial myofibroblastoma of the lower female genital tract with bland spindle-shaped cells in an
edematous stroma (a). There is diffuse staining with desmin which highlights dendritic cell processes (b)

The cells are positive with vimentin and almost always with desmin [15–17]. CD34
and smooth muscle actin (SMA) are positive in some cases, and most are ER and PR
positive. S100, EMA, h-caldesmon, HMGA2, and cytokeratins are negative. Desmin
staining typically highlights the ramifying dendritic processes of many of the tumor cells
(Fig. 10.4b) [15–17]. The immunophenotype is nonspecific and identical to that of many
of the other site-specific mesenchymal lesions which involve the lower female genital
tract, especially the vulva and vagina.

The main differential diagnosis in the cervix is likely to be an unusual endocervical
polyp, and focally the stroma of endocervical polyps may resemble myofibroblastoma
of the lower female genital tract. However, mucinous glands are usually present
throughout endocervical polyps, while more than an occasional entrapped gland is
unusual in myofibroblastoma of the lower female genital tract. A fibroepithelial polyp
may also enter into the differential diagnosis. The grenz zone which is typical of
superficial myofibroblastoma of the lower female genital tract is not a feature of
fibroepithelial polyp, and the former is characterized by a more heterogeneous
appearance with a variety of architectural patterns. Negative staining with S100 helps to
exclude a neural lesion which may enter into the differential diagnosis since some of the
morphological features, such as the presence of wavy nuclei, may raise this possibility.

Other Mesenchymal Neoplasms
Many other mesenchymal tumors have been reported as primary neoplasms in the
cervix, but these are generally more common in the corpus. They include endometrial
stromal neoplasms, uterine tumor resembling ovarian sex cord tumor (UTROSCT),
alveolar soft part sarcoma (more common in the cervix than uterine corpus),
inflammatory myofibroblastic tumor, epithelioid sarcoma, perivascular epithelioid cell



tumor (PEComa), malignant rhabdoid tumor, schwannoma, neurofibroma, hemangioma,
rhabdomyoma, liposarcoma, angiosarcoma, tumors in the Ewing family, and malignant
peripheral nerve sheath tumor (malignant schwannoma) ([18–25]; reviewed in [25]).
The morphological and immunohistochemical features are identical to when these
neoplasms occur at more usual sites, but the pathologist may not think of the diagnosis
given the rarity of these neoplasms in the cervix. Three cases of an S100- and CD34-
positive cervical sarcoma which the authors termed fibroblastic malignant peripheral
nerve sheath tumor (neurofibrosarcoma) have been reported [26]. Rare cases of
pseudoneoplastic myxoid change of the cervical stroma have been reported (Fig. 10.5)
[27, 28]. Fibroepithelial polyps, similar to those occurring in the vulva or vagina, rarely
arise within the cervix and may contain a population of atypical stromal fibroblasts.

Fig. 10.5 Pseudoneoplastic myxoid change of cervical stroma

Mixed Epithelial and Mesenchymal Neoplasms
The same variety of mixed epithelial and mesenchymal neoplasms (mixed Mullerian
tumors) that affect the uterine corpus, namely, carcinosarcoma, adenofibroma, and
adenosarcoma, occurs more uncommonly in the cervix [29]. There is also a specific
type of adenomyoma, termed an endocervical adenomyoma, which occurs within the
cervix.



Carcinosarcoma
Carcinosarcomas of the cervix are much less common than their counterpart within the
uterine corpus [30]. Morphologically they are characterized by malignant epithelial and
mesenchymal components, both of which are typically high grade and sharply
demarcated from one another. The epithelial component may be squamous, glandular of
various types (including mesonephric), or undifferentiated. Compared to
carcinosarcomas of the uterine corpus, the epithelial component is more likely to be
squamous, adenoid cystic, adenoid cystic-like, or adenoid basal in type (Fig. 10.6).
Occasional mesonephric adenocarcinomas of the cervix contain spindle cell elements,
and this could be regarded as a mesonephric carcinosarcoma [31, 32]. The
mesenchymal component in cervical carcinosarcomas may comprise undifferentiated
sarcoma, fibrosarcoma and leiomyosarcoma, or heterologous elements such as
chondrosarcoma or rhabdomyosarcoma may be present. Before making a diagnosis of a
primary carcinosarcoma of the cervix, spread from a neoplasm in the uterine corpus
should be excluded. Carcinosarcoma of the cervix with a squamous element should be
distinguished from squamous carcinoma with a spindle cell component (spindle cell
squamous carcinoma); positive staining with cytokeratins or p63 in the spindle cell
elements may assist in diagnosing spindle cell squamous carcinoma, although
expression of these markers is often absent or markedly reduced in the spindle cells.
Some carcinosarcomas of the cervix have been found to contain high-risk human
papillomavirus (HPV), especially HPV16 [33].

Fig. 10.6 Carcinosarcoma of the cervix composed of malignant epithelial and mesenchymal components. The
epithelial element is squamous in type (a). In (b), the epithelial component is adenoid cystic-like

Adenofibroma and Adenosarcoma
Adenofibroma and adenosarcoma are rare primary cervical neoplasms and are much



less common than their counterparts in the uterine corpus; the latter may involve the
cervix by direct extension [29, 34, 35]. In fact, adenofibroma is not included in the 2014
World Health Organization (WHO) Classification of cervical neoplasms, although it is
included in the category of mixed epithelial and mesenchymal neoplasms of the uterine
corpus [36]. Adenofibromas and adenosarcomas are composed of a benign epithelial
component and a stromal component which is benign (adenofibroma) or malignant
(adenosarcoma). Adenofibroma is much less common than adenosarcoma, and some
doubt the existence of the former [34, 37].

Grossly adenofibromas and adenosarcomas are usually polypoid lesions, sometimes
with a lobulated architecture or a “spongy” appearance on cut surface, which project
into the cervical canal (Fig. 10.7a). Morphologically, the low-power architecture is
“club-like,” “leaflike,” or “phyllodes-like” (Fig. 10.7b). The surface is covered by
benign glandular epithelium of a variety of Mullerian types; there may be foci of the
squamous epithelium. The stromal component is usually morphologically quite bland
and nondescript fibrous or endometrial stroma-like. According to the prior 2003 WHO
Classification, adenosarcoma is distinguished from adenofibroma by increased
cellularity surrounding the epithelial elements (cambium layer), more than mild stromal
atypia, and mitotic activity in excess of 2 per 10 high-power fields (Fig. 10.7c) [38].
However, in practice, a diagnosis of adenosarcoma is usually made in the absence of
this degree of mitotic activity if the characteristic low-power architecture and cambium
layer are present [39]. This is reflected in the 2014 WHO Classification where no
mitotic cutoff is given to distinguish between adenosarcoma and adenofibroma [36].



Fig. 10.7 Adenosarcoma of the cervix exhibiting a gross lobulated architecture (a). On low power there is a
“phyllodes-like” architecture with increased cellularity around glands (cambium layer) (b). There is mitotic activity
within the cambium layer (c). Adenosarcoma exhibiting sex cord-like foci within the stromal component (d)

Sometimes, there is focal “sex cord-like” differentiation within the stromal
component where the stromal cells have an epithelioid appearance and are arranged in
nests, cords, and trabeculae, resembling ovarian sex cord cells (Fig. 10.7d); sometimes,
but not always, the sex cord-like foci are positive with markers of ovarian sex cord-
stromal tumors such as inhibin and calretinin. Rarely there are heterologous elements in
the form of rhabdomyoblasts or cartilage.

The treatment of choice of adenofibromas and adenosarcomas is hysterectomy given
the risk of recurrence following polypectomy. Even adenofibromas may recur. The main
adverse prognostic features in adenosarcoma are deep stromal invasion and
sarcomatous overgrowth, both of which are uncommon [34]. Sarcomatous overgrowth is
defined as areas of pure sarcoma without epithelium involving greater than 25% of the
neoplasm. The areas of sarcomatous overgrowth, which often comprise much more than
25% of the neoplasm such that residual benign epithelium may be identified only focally
and by extensive sampling, are usually composed of poorly differentiated sarcoma,



resembling undifferentiated sarcoma, with much more atypia and mitotic activity than in
the sarcomatous element of the residual adenosarcoma. As such, this can be regarded as
dedifferentiation of the low-grade stromal component. Heterologous elements, most
commonly rhabdomyosarcoma, may be present in the areas of sarcomatous overgrowth.

Previously, there was no staging system for uterine adenosarcoma, but FIGO staging
systems for uterine sarcomas were introduced in 2009 [40]. Adenosarcomas have a
separate staging system to leiomyosarcomas and endometrial stromal sarcomas. Stage 1
adenosarcomas are confined to the uterus (corpus and cervix) with substages of IA, IB,
and IC (tumor limited to endometrium/endocervix with no myometrial invasion, less
than or equal to half myometrial invasion, more than half myometrial invasion,
respectively) [40].

It has been proposed to combine adenofibroma and adenosarcoma into a single
category of mixed epithelial and mesenchymal neoplasm. This approach recognizes that
these are a spectrum of tumors composed of a benign epithelial component and a
stromal element which is an integral part of the neoplasm and which is generally of
low-grade malignancy [34, 37]. One reason for this approach is that it has been shown
that occasional tumors which would be categorized as adenofibroma on the basis of a
low mitotic count can recur or even metastasize [37]. Additionally, there are multiple
problems in counting mitotic figures with significant interobserver variation among
pathologists.

Occasional benign endocervical (or endometrial) polyps contain focal areas which
raise the possibility of a lesion in the adenofibroma/adenosarcoma category. For
example, focally there may be a “phyllodes-like” architecture and/or increased
cellularity surrounding the glands. Such cases are best reported as benign endocervical
(or endometrial) polyps with unusual features. A recent study has shown that follow-up
in such cases is usually uneventful [41]. The differential diagnosis between
adenosarcoma and embryonal rhabdomyosarcoma is discussed in the section on
“Embryonal Rhabdomyosarcoma”.

Endocervical Adenomyoma
Adenomyomas of endocervical type (endocervical adenomyomas) are uncommon
lesions usually occurring in women of reproductive or postmenopausal age [39, 42].
They vary in size and are most commonly polypoid and project from the mucosal
surface of the cervix. Rare examples are intramural or exophytic. They are grossly well
circumscribed, usually gray-white to tan, and may contain small cysts. Histologically,
they are composed of bland mucinous glands of endocervical type, often with a
somewhat lobular arrangement, embedded in a stroma containing abundant smooth
muscle. Some of the glands may be dilated. There is often a thin rim of fibrous tissue
surrounding the glands which is in turn surrounded by smooth muscle (Fig. 10.8). There



may be focal mild nuclear atypia of the epithelial component and minor foci of tubal,
endometrioid, or squamous differentiation, but there is no stromal desmoplasia. Other
findings which are occasionally seen include gland rupture with mucin extravasation,
small intraglandular papillary proliferations (adenofibroma-like), a component of
adipose tissue, and symplastic change in the smooth muscle component [39, 42]. These
are benign lesions but occasionally persist or recur following local excision.

Fig. 10.8 Endocervical adenomyoma. Mucinous endocervical glands are surrounded by a thin rim of loose stroma
which in turn is surrounded by mature smooth muscle

The main differential diagnoses are adenoma malignum (mucinous variant of
minimal deviation adenocarcinoma) and lobular endocervical glandular hyperplasia
(see Chap. 9). The circumscription of endocervical adenomyoma together with an
absence of irregular stromal infiltration, a desmoplastic stromal response and focal
significant nuclear atypia, and the presence of abundant smooth muscle assists in
excluding adenoma malignum. Lobular endocervical glandular hyperplasia may be
considered since in endocervical adenomyoma the glands can have a somewhat lobular
arrangement. However, lobular endocervical glandular hyperplasia is not polypoid, is
often an incidental microscopic finding, and lacks a smooth muscle component. ER
staining may be useful in that the glands in endocervical adenomyoma are positive,
while adenoma malignum and lobular endocervical glandular hyperplasia (part of the
spectrum of “gastric-type” endocervical glandular lesions; see Chap. 9) are usually
“flat” negative [43]. Benign endocervical polyps may contain a minor population of



smooth muscle fibers within the stroma, but this should not result in diagnostic
confusion.
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Abstract
This chapter focuses on tumors not covered elsewhere in the book. These include
neuroendocrine tumors, adenosquamous carcinoma, glassy cell carcinoma, basaloid
tumors, melanocytic lesions, germ cell tumors, hematologic disorders and secondary
tumors.
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Neuroendocrine Tumors and Carcinomas (NETs)
Clinical and Gross Features
Neuroendocrine tumors (NETs) of the cervix are rare tumors and comprise less than 2%
of all invasive carcinomas [1]. The clinical presentation of NETs is very similar to
other carcinomas of the cervix, that is, vaginal bleeding/discharge, detection of a
cervical mass, or abnormal cytology [2]. The macroscopic appearance of NETs is also
not distinctive. Importantly, a variety of peptides such as calcitonin, gastrin, serotonin,
substance P, vasoactive intestinal peptide, pancreatic polypeptide, somatostatin, and
adrenocorticotrophic hormone may be produced by NETs [3, 4], although patients rarely
present with symptoms or biochemical evidence of ectopic hormone production.
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Nevertheless, NET may rarely be associated with the syndrome of inappropriate
antidiuretic hormone secretion [5]. Subsequent metastatic disease can be accompanied
by the development of carcinoid syndrome [6]. Gynecological cytology may not detect
NETs in many cases [7, 8].

Histopathology
Four types of NETs are recognized [9]. Cervical carcinoid tumor, also known as low-
grade neuroendocrine tumor grade 1 (ICD-O Code 8240/3), is extremely rare and is
primarily defined by the same organoid architecture and cytological features used at
other sites. Immunohistochemistry for synaptophysin, chromogranin, CD56, and neuron-
specific enolase can support the histological diagnosis.

Cervical atypical carcinoid tumors, also known as low-grade neuroendocrine tumor
grade 2 (ICD-O 8249/3), are extremely rare and are distinguished from the usual
carcinoid tumor by their greater degree of nuclear atypia and mitotic activity.

High-grade neuroendocrine carcinoma, small cell type, also known as small cell
neuroendocrine carcinoma (SCNEC, ICD-O 8041/3), is the most common of the NETs
and resembles its counterpart in the lung. SCNECs are primarily defined by their
morphological appearance and have a monotonous population of small cells with ovoid
hyperchromatic nuclei, often exhibiting molding, and scanty cytoplasm (Fig. 11.1). The
amount of cytoplasm can vary from minimal (“oat cell”) to moderate (“intermediate”) in
amount [10]. Abundant mitotic and apoptotic activity with extensive necrosis and
lymphovascular and perineural invasion is usually present (Fig. 11.2). SCNEC may be
accompanied by in situ or invasive squamous or glandular neoplasia [3, 11–14].
Recently, a case of mixed SCNEC and endocervical adenocarcinoma was reported in a
woman with a family history of Muir-Torre syndrome [15].



Fig. 11.1 Small cell neuroendocrine carcinoma consisting of sheets of malignant cells with minimal cytoplasm. The
peripheral circumscription of these sheets suggests epithelial differentiation, that is, carcinoma. Immunohistochemistry
could provide further supportive evidence

Fig. 11.2 Small cell neuroendocrine carcinoma with poorly delineated trabeculae of small malignant cells showing no
architectural differentiation. Crush artifact is prominent and commonly seen

Previously, argyrophilia was used to detect neuroendocrine differentiation [16, 17].
Immunohistochemical staining for neuroendocrine markers (chromogranin,
synaptophysin, CD56) may provide support for a diagnosis of SCNEC (Fig. 11.3), but
some of these neoplasms may not express any neuroendocrine markers, and only



epithelial markers such as cytokeratin and epithelial membrane antigen may be found [1,
18]. Immunoreactivity for serotonin, somatostatin, gastrin, glucagon, and pancreatic
polypeptide has been demonstrated [10]. TTF1 can be expressed in cervical SCNEC,
so this antibody cannot be used to distinguish SCNEC from a pulmonary primary [18,
19]. The prime differential diagnostic considerations for SCNEC are lymphoma and the
small cell variant of squamous cell carcinoma, although in some cases granulocytic
sarcoma, stromal sarcoma, and rhabdomyosarcoma may need to be considered. Diffuse
p63 nuclear immunoreactivity is typical of the small cell variant of squamous
carcinoma. SCNEC may occasionally fail to express cytokeratins. CD56 and
synaptophysin are the most sensitive markers for SCNEC; chromogranin and PGP9.5
are less so. CD56 staining can be present in non-neuroendocrine carcinomas [18].

Fig. 11.3 Synaptophysin immunostain in small cell neuroendocrine carcinoma. Immunostains for neuroendocrine
markers can provide support for the histopathologic diagnosis but are not essential

Large cell neuroendocrine carcinoma (LCNEC), also known as high-grade
neuroendocrine carcinoma, large cell type (ICD-O 8013/3), is characterized by a
diffuse, organoid, trabecular, or cord-like pattern (Fig. 11.4). The neoplastic cells have
abundant cytoplasm, large nuclei, prominent nucleoli, and a high mitotic rate. Focal
glandular differentiation may be present [20–22]. Strong and diffuse positive staining
for neuroendocrine markers is essential for a definitive diagnosis (Fig. 11.5). Mixed
LCNEC and SCNEC may occur [23, 24]. Non-neuroendocrine cervical carcinomas of
both squamous and glandular types need to be distinguished from LCNEC.
Neuroendocrine differentiation is not exclusively found in LCNEC, and a scanty number
of cells with neuroendocrine features can be found in squamous carcinomas and



adenocarcinomas and should not lead to a diagnosis of LCNEC if the typical
morphological features of LCNEC are absent. LCNECs frequently express TTF1 and
may be p63 positive [18].

Fig. 11.4 This large cell neuroendocrine carcinoma shows the characteristic organoid trabecular composed of large
cells

Fig. 11.5 This large cell neuroendocrine carcinoma (LCNEC) shows strong and diffuse cytoplasmic staining for
synaptophysin. Positivity for neuroendocrine markers is essential for a diagnosis of LCNEC

Histogenesis



Neuroendocrine differentiation occurs within neoplasms arising from the cervical
epithelium. Cells that express neuroendocrine markers are present in some cases of
cervical adenocarcinoma in situ and could be the precursor of cervical neuroendocrine
tumors [18, 25]. Both preinvasive and invasive squamous and glandular neoplasia may
be found in association with cervical NETs, but glandular lesions are proportionately
commoner (Fig. 11.6). High-risk human papillomavirus (HPV) can be identified in most
cervical NETs [8, 14, 26, 27]. HPV 16 predominates in LCNEC, while, in most studies,
HPV 18 has been found to be most common in SCNECs [3, 8, 10, 27, 28]. Strong
nuclear staining for p16 is typically found in SCNECs as a result of Rb dysfunction [8].
The most frequent allelic loss in NETs is localized 3p deletion [14, 26]. Occasional
9p21 deletions have also been identified [26]. Amplification of chromosome 3q has
been identified in LCNEC, similar to LCNEC of the lung [29].

Fig. 11.6 This large cell neuroendocrine carcinoma is associated with adenocarcinoma in situ of intestinal type

Prognosis and Management
The prognosis of NETs is determined by histological type. Carcinoid tumors of the
cervix generally follow a benign course. Atypical carcinoid tumors are aggressive
neoplasms, although reports of cases with follow-up are few [30]. Their behavior may
be similar to large cell neuroendocrine carcinomas [31]. SCNEC frequently presents at
an advanced stage and is a highly aggressive carcinoma. Five-year survival for SCNEC
of all stages is reported to be 14–39%, with poorer survival in higher stage disease [3,
11, 14, 32]. Similar to SCNEC, cervical LCNEC is an aggressive neoplasm with a poor
prognosis [33].

The management of SCNEC may include surgery, chemoradiation, specific



neuroendocrine-based systemic chemotherapy, and axial radiation therapy [25, 34, 35].
A management algorithm using multiple modalities has been defined by the Society of
Gynecologic Oncology [36].

Adenosquamous Carcinoma
Clinical and Gross Features
The clinical presentation and macroscopic appearance of adenosquamous carcinoma
(ICD-O 8560/3) are not distinctive.

Histopathology
An admixture of malignant epithelial elements exhibiting both glandular and squamous
architecture is the defining characteristic of adenosquamous carcinoma (Fig. 11.7).
Scattered mucin-producing cells may occur in a squamous cell carcinoma [37], and this
finding is not sufficient for a diagnosis of adenosquamous carcinomas. Routine staining
for mucin in squamous carcinomas is not recommended since the identification of mucin
has no clinical value [37]. Carcinomas having abundant mucin-producing cells without
evidence of squamous differentiation (intercellular bridges, keratinization) should be
diagnosed as poorly differentiated adenocarcinoma. A clear cell variant of
adenosquamous carcinoma characterized by a clear appearance of the squamous
component due to extensive glycogen has been described [38].

Fig. 11.7 This adenosquamous carcinoma exhibits both glandular and squamous architectural differentiation.
Columnar epithelium lines the glandular lumina and serves to distinguish this adenosquamous carcinoma from
squamous carcinoma with pseudo-acinar change. Mucin production alone within a squamous carcinoma does not



qualify as an adenosquamous carcinoma

Mucoepidermoid carcinomas are a distinctive variant of adenosquamous carcinoma
and characterized by a three cell types (epidermoid, mucin-producing, and
intermediate).

Histogenesis
Both cervical intraepithelial neoplasia (CIN)/squamous intraepithelial lesions (SILs)
(see Chap. 6) and adenocarcinoma in situ (AIS) (see Chap. 8) are precursor lesions for
adenosquamous carcinomas. Adenosquamous carcinomas likely are derived from
epithelial reserve cells with subsequent bidirectional differentiation. Multiplex real-
time polymerase chain reaction detects HPV in 80% of adenosquamous carcinomas,
usually HPV 16/HPV 18; mixed HPV infection occurs in about a third of cases [39].
HPV 18 is the most prevalent HPV type in adenosquamous carcinoma, followed by
HPV 16 [40]. The expression of adenine-thymine-rich interactive domain 1A (ARID1A)
is downregulated in adenosquamous carcinoma as compared to squamous cell
carcinoma, suggesting that this gene may have a role in the pathogenesis of
adenosquamous carcinoma [41]. Consequently, the protein expression of ARID1A is
frequently lost in adenosquamous carcinomas [42]. The t(11;19)-associated CRTC1-
MAML2 gene fusion is identified in cervical mucoepidermoid, but not adenosquamous,
carcinomas [43].

Prognosis and Management
Whether adenosquamous differentiation is an independent predictor of poor outcome is
unclear [44]. Some studies have indicated that adenosquamous carcinoma has a poorer
outcome than adenocarcinoma and/or squamous carcinoma [44–47]. The balance of
evidence suggests that adenosquamous carcinoma has a similar behavior and prognosis
to squamous and adenocarcinomas [48–57]. Cervical carcinomas of an advanced-stage
adenosquamous differentiation may be a predictor of poorer outcome [58]. HPV
negativity in an adenosquamous carcinoma may be an indicator of poor prognosis [59].

Glassy Cell Carcinoma Variant of Adenosquamous Carcinoma
Clinical and Gross Features
Glassy cell carcinoma (ICD-O 8015/3) is a poorly differentiated variant of
adenosquamous carcinoma and comprises no more than 2% of cervical carcinomas.
Typically it occurs in young women, is characterized by a rapid course, and may have
distant metastases. There are no distinctive gross features of glassy cell carcinoma.



Histopathology
The distinctive features of glassy cell carcinoma include sharp cytoplasmic margins,
glassy eosinophilic cytoplasm, and large round to ovoid nuclei with prominent nucleoli
[60]. A prominent eosinophilic infiltrate may be found in the adjacent stroma [61].
However, eosinophilic infiltrates may also be identified in invasive squamous
carcinoma. The tumor cells lack estrogen and progesterone receptors [62].

Histogenesis
Glassy cell carcinomas are associated with HPV 18 and probably originate from
multipotential stem or reserve cells [63].

Prognosis and Management
Some studies of glassy cell carcinomas have identified a poor prognosis and worse
outcome than other cervical carcinomas [60]. Recent studies have not confirmed these
prognostic findings [64, 65]. Surgery is the mainstay of treatment for early-stage glassy
cell carcinoma; neoadjuvant radiochemotherapy has been recommended for more
advanced disease [61, 66–68].

Undifferentiated carcinoma
Undifferentiated carcinoma (ICD-O 8020/3) is defined as a malignant epithelial
neoplasm lacking evidence of specific differentiation (WHO) and is therefore a
diagnosis of exclusion. In most cases of cervical carcinoma, squamous or glandular
differentiation can be seen at least focally. Undifferentiated carcinomas represent 0.2–
5% of cervical carcinomas, depending on the population [69–71]. In the vast majority of
cases evaluated, undifferentiated carcinoma of the cervix is associated with high-risk
HPV [71, 72]. It is aggressive and tends to present at later stages [69].

The classification of undifferentiated carcinoma is distinct from poorly
differentiated large cell neuroendocrine carcinomas (see above). The differential
diagnosis of undifferentiated carcinoma includes poorly differentiated squamous cell
carcinoma, adenocarcinoma, transitional cell carcinoma, and carcinosarcoma. Because
of the lack of differentiation, undifferentiated carcinoma can also be difficult to
distinguish from malignant melanoma, large cell lymphoma, and sarcoma with large
epithelioid cells. Endometrial undifferentiated carcinoma may also involve the cervix
[73].

Adenoid Basal Carcinoma



Clinical and Gross Features
Adenoid basal carcinoma (ABC), also known as adenoid basal epithelioma (ICD-O
8098/3), is a rare tumor and usually occurs in women older than 50. Patients are usually
asymptomatic and without detectable clinical or gross abnormality of the cervix unless
associated with another carcinoma type. The tumor is usually discovered as an
incidental microscopic finding [74].

Histopathology
ABC is composed solely of small well-differentiated rounded nests and cords of
basaloid cells with scanty cytoplasm and focal gland or squamous formation (Figs. 11.8,
11.9, and 11.10). These nests infiltrate the cervical stroma and are often associated with
CIN [74, 75]. The small cells are p16 positive on immunohistochemistry [76]. Invasive
squamous carcinoma and small cell neuroendocrine carcinoma may be seen in
association with ABC. The presence of such an invasive carcinoma excludes a case
from categorization as ABC [77] and such cases should be labeled as “mixed
carcinoma.” Consequently, a confident diagnosis of “pure” ABC cannot be rendered on
a small biopsy, and definitive diagnosis requires the evaluation of the entire tumor [76,
77]. “Adenoid basal hyperplasia” has been described and is characterized by a
proliferation of small basaloid HPV-negative nests extending less than 1 mm from the
basement membrane [78]. Until additional descriptions are made, such lesions are
better classified within adenoid basal carcinoma. The differential diagnosis of ABC
includes adenoid cystic (ACC), squamous, and neuroendocrine carcinomas [79]. ABC
and ACC share many immunohistochemical similarities [80]. ABC may be distinguished
from ACC by its CD117 negativity [81]. A single report has suggested that p16 IHC can
be used to distinguish low-grade, noninvasive ABC from invasive ABC [82].



Fig. 11.8 Adenoid basal carcinoma is composed of nests and cords of basaloid cells coursing throughout the stroma.
The cells have scanty cytoplasm that lack any nuclear atypia

Fig. 11.9 Some nests of adenoid basal carcinoma show central lumina (center of field)



Fig. 11.10 Adenoid basal carcinoma may also exhibit squamous differentiation (left of field)

Histogenesis
It is postulated that ABC has its origin from a reserve cell [80, 83]. ACC is another
tumor within this morphological spectrum. ABC is a high-risk HPV-related tumor with
HPV types 16 and 33 being identified [76, 84, 85].

Prognosis and Management
Pure ABC is a low-grade tumor, has an excellent prognosis, and rarely metastasizes
[74]. Although the term “adenoid basal epithelioma” has been suggested to reflect this
benign behavior, ABC is a well-known and accepted entity. The outcome of mixed
carcinomas and ABC is largely dependent upon prognostic features of the non-ABC
component. The detection of an invasive component of usual type in an excisional
biopsy showing ABC, that is a “mixed carcinoma,” should direct appropriate
management.

Adenoid Cystic Carcinoma
Clinical and Gross Features
Adenoid cystic carcinoma (ACC, ICD-O 8200/3) of the cervix is very rare,
representing fewer than 1% of all cervical carcinomas [86]. Cervical ACC is clinically
aggressive, often presenting as a prominent mass and showing signs of deep invasion
including bloody, watery, or purulent discharge [87–90]. ACC most frequently occurs in
postmenopausal black women [80, 91, 92], although cases in Hispanic, Asian, and



white patients have also been reported [81, 92].

Histopathology
ACC of the cervix is characterized by morphological features resembling ACC of the
salivary gland [93, 94]. The tumors are poorly circumscribed; perineural and vascular
invasion are frequent. Tumor cells grow in both large and small nests, within which
cribriform, trabecular, solid, and cord-like patterns can be seen. In most cases, there is
at least focal formation of round pseudoglandular spaces filled with globules of hyaline
basement membrane material or mucin. The stromal areas between tumor nests have a
predominantly hyaline appearance, although desmoplastic or myxoid changes can be
seen. Tumor necrosis is common, and focal calcifications may also be present [87, 92].

Both at the periphery of tumor nests and surrounding the pseudoglandular spaces, the
cells tend to palisade in a more compact formation. These palisading cells usually have
very scant cytoplasm, dark compact nuclei, and a more bland basaloid appearance. By
contrast, the cells found throughout the tumor can have a range of nuclear atypia, and
mitotic figures may be abundant, although bizarre pleomorphic cells are generally not
present. The palisading (“abluminal”) cells represent a distinct cell population having a
predominantly myoepithelial phenotype and can be highlighted with p63
immunohistochemistry [89]. The remaining (“adluminal”) cells have a more
heterogeneous epithelial phenotype, without clear squamous or glandular appearance,
and are variably positive for CD117 [81]. The hyaline/mucinous globules are strongly
highlighted by a PAS stain. The diagnosis of cervical ACC can also be made on a
Papanicolaou smear, when basaloid cells surrounding hyaline globules are seen [95].

In the cervix, the presence of a solid undifferentiated component is not unusual in
ACC and may be generally underappreciated [96]. Unlike ACC of the salivary gland,
the prognostic significance of an undifferentiated component (“solid ACC”) is unclear
for cervical ACC, given that the latter is already treated as an aggressive clinical entity
[88]. Cervical ACC can also be seen as a component of a mixed carcinoma having
conventional squamous or other divergent epithelial differentiation [79, 89]. These
variant patterns may be more closely associated with high-risk HPV compared to pure
ACC [97].

The most important differential diagnosis is adenoid basal carcinoma (ABC,
previous section), which in its pure form carries a favorable prognosis. Unlike ACC,
ABC is a tumor with a single cell population that is characteristically CD117 negative.
ABC also lacks the stromal changes and nuclear variability seen in ACC [79].

Histogenesis
ACC is part of a spectrum of cervical carcinomas with basaloid features, postulated to
arise from the reserve cells [79]. Unlike other basaloid tumors, ACC arising in



numerous sites is associated with a distinct t(6:9) resulting in a MYB-NFIB fusion gene
[98]. Overexpression of the MYB protein has been reported in three cases of cervical
ACC with mixed squamous differentiation—in all three cases, high-risk HPV DNA was
also detected [89]. However, another study of both mixed-type ACC and pure ACC
showed that these two patterns are distinct with respect to HPV status. Whereas
cervical carcinomas of mixed differentiation have high-risk HPV in its ACC component,
pure cervical ACC is not associated with high-risk HPV and does not demonstrate p16
overexpression [97].

Prognosis and Management
ACC shows a high propensity for perineural and vascular invasion and for distant
metastasis in the long term, especially to the lung [99, 100]. Even when presenting at
Stage I, the 5-year survival is as low as 56% based on a review of early cases [91].
ACC is considered radiosensitive, and some authors recommend a low threshold for
radiation therapy following hysterectomy [88, 101].

Melanocytic Lesions: Melanoma and Blue Nevus
Blue Nevus
Clinical and Gross Features
Blue nevi (ICD-O 8780/0) are rare benign melanocytic lesions of the cervix. The mean
age of affected women is about 50 [102]. Blue nevi are usually an incidental
pathological finding in a hysterectomy specimen as detected by either by the presence of
a blue-black nodule, often in the posterior endocervix, or histopathological examination
[103, 104]. Occasionally, cervical blue nevi may be clinically or colposcopically
apparent as a dark or blue macule. One to three blue nevi up to 2 cm. in size may be
present [102].

Histopathology
Blue nevi are characterized by the presence of clusters of pigmented, dendritic spindle
cells in the superficial stroma beneath the epithelium [102]. These spindle cells appear
cytologically benign and mitoses are absent (Fig. 11.11). In the cellular blue nevus,
variant epithelioid cells with round to ovoid nuclei and clear cytoplasm predominate
and form a circumscribed nodule [104]. Blue nevi with features intermediate between
spindle cell and cellular variants occur [102]. The cells are immunoreactive for S100,
although HMB45 and Melan-A may be negative in some cases [105]. Cytological
appearance must be used to distinguish blue nevi from melanoma. Blue nevi should be
distinguished from melanotic macules [102].



Fig. 11.11 Blue nevus of the endocervix. The endocervical stroma contains numerous pigmented spindle cells. The
spindle cells are oriented parallel to the overlying mucosal surface and lack any cytologic atypia

Histogenesis
The cervix does not usually contain melanocytes. Blue nevi are considered to arise from
Schwann cells or nerves or from melanocytic precursors which have arrived through
aberrant migration from the neural crest into stroma [105].

Prognosis and Management
Blue nevi follow a benign course. However, cases of melanoma associated with
malignant melanoma have been described [106].

Melanoma
Clinical and Gross Features
Melanoma of the cervix (ICD-O 8720/3) is a very rare cervical malignancy. The usual
presentation is the onset of vaginal bleeding in a woman in her sixth decade [107]. On
examination an exophytic ulcerating lesion is often seen on the cervix. Blackish hue or
discoloration may serve to distinguish melanoma from cervical carcinoma.

Histopathology
Similar to other body sites, cervical melanoma has a variable histopathological
appearance (Figs. 11.12 and 11.13). Immunoreactivities for S100, HMB45, and Melan-
A are all useful markers for melanocytic differentiation, although no single marker, or



combination thereof, establishes an unequivocal diagnosis of melanoma (Fig. 11.14)
[108]. Amelanotic melanoma can be mistaken for carcinoma and sarcomas, and their
diagnosis can be particularly challenging; immunohistochemistry is especially important
in reaching the correct diagnosis [109, 110]. Melanoma metastatic to the cervix should
be excluded, particularly in those cases which lack a junctional component. An
intraepithelial component, however, is often absent in primary cervical melanoma.
Clear cell and malignant peripheral nerve sheath tumor-like variants of cervical
melanoma have been described [111, 112].

Fig. 11.12 This invasive malignant melanoma of the cervix shows sheets of malignant cells within the submucosa.
The overlying squamous epithelium exhibits an intraepithelial component



Fig. 11.13 The infiltrating cells of this invasive malignant melanoma are epithelioid in type and have ovoid nuclei often
with prominent nucleoli

Fig. 11.14 An HMB45 immunostain of this malignant melanoma shows strong and diffuse staining in both the
invasive and intraepithelial components

Histogenesis
Melanoma is considered to arise from cervical melanocytes which can be identified in a
very small proportion of cervices.

Prognosis and Management
Although the course of melanoma is unpredictable, most cervical melanomas present
with advanced local and/or regional disease and have a poor outcome. Patients with
thinner and smaller melanomas which are amenable to surgical resections have a better
prognosis [113]. In the past cytotoxic chemotherapy has been used in advanced disease.
In the past few years, however, treatment for advanced disease using targeted anticancer
agents and immunotherapy has advanced considerably.

Germ Cell Tumors of the Cervix
Extragonal germ cell tumors of various types are uncommon and are usually found in
midline structures. These germ cell tumors are considered to be parthenogenetic in
origin from oocytes after completion of the first division. Cervical teratoma appears to
be the most common uterine germ cell tumor and may present as a mass, polyp, or
ulcerating lesion [114–116]. Immature teratomas with the presence of immature



neuroepithelium are even less common [117]. Immature teratomas may contain other
malignant germ cell elements and merit designation as a malignant mixed germ cell
tumor (Figs. 11.15, 11.16, and 11.17). Primary yolk sac tumors may also arise in the
uterus and are usually associated with somatic tumors, such as endometrioid
adenocarcinoma, and should be distinguished from primary germ cell tumors [118].
Immature and malignant teratomas may recur after resection, with aggressive disease
[116, 119].

Fig. 11.15 This malignant mixed germ cell tumor of the cervix exhibits a mixture of epithelial and mesenchymal
teratomatous elements (left) and abuts the body of the uterus with proliferative-type endometrium (right)



Fig. 11.16 The teratomatous component of this malignant mixed germ cell tumor has a variety of teratomatous
elements, including immature neuroepithelial elements with tubules (upper left)

Fig. 11.17 Foci of this malignant mixed germ cell tumor showed endodermal type tubules embedded in cellular
primitive stroma indicating a minor yolk sac component



Lymphoid and Myeloid Tumors
Lymphoma can involve the uterine cervix as a primary malignancy but is more
frequently a manifestation of multisite disease [120]. Among all lymphomas, fewer than
0.07% involve the cervix without evidence of other systemic disease [121, 122]. The
most common lymphomas of the cervix are diffuse large B-cell lymphoma (Figs. 11.18
and 11.19), followed by follicular lymphoma (of any grade) and Burkitt lymphoma. By
contrast, marginal zone lymphoma occurs exclusively in the endometrial mucosa, and
lymphoplasmacytic lymphoma is restricted to the vulvovaginal area [123]. Lymphomas
of the uterine cervix have an unpredictable prognosis, even when disease appears
extensive. Chemotherapy and radiation are considered more appropriate than surgical
debulking [124], underscoring the importance of distinguishing lymphoma from more
common cervical malignancies. Cervical lymphoma has also been reported as a local
manifestation of both B-cell and T-cell acute lymphoblastic leukemias [125, 126] and of
chronic lymphocytic leukemia [127].

Fig. 11.18 This diffuse large B-cell lymphoma presented as a cervical mass. This lower-power view shows the mass
to be submucosal in this case and composed of a discohesive infiltrate of large mononuclear cells. Fine bands of
fibrous sclerosis are also seen



Fig. 11.19 A higher power view of this diffuse large B-cell lymphoma shows that many of the cells have prominent
nucleoli. The diagnosis of cervical lymphoma is confirmed by an immunohistochemical panel and flow cytometric
analysis if available

Myeloid or granulocytic sarcoma is a tumor mass formed by immature granulocytic
cells at an extramedullary site (Figs. 11.20 and 11.21). (The older descriptive term
“chloroma” also refers to this entity.) It is most commonly seen as a manifestation of
acute myeloid leukemia (AML) or transformation of myelodysplastic syndrome to AML
[128]. It is less frequently the first manifestation of AML and may present at any body
site including the uterine cervix [129, 130]. It can also present as relapsing disease in a
patient with previously diagnosed AML [131] or less commonly as a manifestation of
chronic myeloid leukemia [132]. When detected, it is considered equivalent to a
diagnosis of myeloid leukemia with respect to prognosis and treatment [133, 134]. Any
variant of myeloid leukemia can present as myeloid sarcoma, and the diagnosis is made
according to the same pathology criteria [135].



Fig. 11.20 This cervical myeloid sarcoma is composed predominantly of immature myeloblasts although scattered
promyelocytes having more prominent eosinophilic cytoplasm can also be seen

Fig. 11.21 Most myeloid sarcomas will express CD43, as shown here, or myeloperoxidase, lysozyme, and
chloroacetate esterase. The classification of the myeloid cells is based on the same criteria as the underlying leukemia

Langerhans Cell Histiocytosis
Langerhans cell histiocytosis (LCH) is a rare neoplastic proliferation of Langerhans
cells and has a wide range of clinical manifestations, from limited lesions to
widespread disease. Involvement of the female genital tract is rare and usually



concomitant with disease at other sites [136, 137]. In a subset of cases, a syndrome in
which diabetes insipidus precedes the genital lesions has been identified [138]. LCH
presenting as a primary or originating genital lesion is exceptionally rare [136, 139].
The clinical course appears related to the extent of disease [140].

Langerhans cells are marrow-derived antigen-presenting cells in the dendritic cell
family and are present mainly at mucocutaneous sites. They are characterized by ovoid
nuclei with a grooved or folded appearance and abundant pale eosinophilic cytoplasm
(Fig. 11.22). The cells express S100 [141], CD1a [142], and langerin (CD207) proteins
[143] (Fig. 11.23). On electron microscopy characteristic rod-shaped Birbeck granules
are seen. The mass lesions of LCH include a mixed inflammatory infiltrate, often with a
predominance of eosinophils [135]. The differential diagnosis includes
lymphoproliferative or myeloproliferative disorders, Rosai-Dorfman disease, and
reactive histiocytosis.

Fig. 11.22 This cervical Langerhans cell histiocytosis is composed of cells with folded, reniform-to-lobated nuclear
morphology and abundant eosinophilic cytoplasm. Scattered inflammatory cells, including eosinophils, can be seen



Fig. 11.23 Langerhans cell histiocytosis is immunoreactive to S100, as seen here, CD1a, and langerin

Secondary Malignancies
Involvement of the cervix by endometrial carcinoma (usually by direct surface or
stromal extension) is relatively common. The main differential diagnosis in these cases
is primary cervical adenocarcinoma (see Chap. 8). Vaginal squamous cell carcinoma
can also extend directly into the cervix as part of its natural course. By contrast,
metastasis from an ovarian/fallopian tube primary carcinoma is uncommon (in one
series less common than metastases from the breast and gastrointestinal tract) [144].
The presence of ovarian carcinoma in the cervix, with little to no stromal or
lymphovascular invasion, raises the possibility of transtubal/intrauterine spread in at
least a subset of cases [145].

Overall, the cervix is an uncommon site for metastatic cancer. Breast, gastric, and
colorectal carcinomas are the three most common non-gynecological primary
malignancies that present as cervical metastasis (Fig. 11.24) [144]. Spread from
pancreatic, appendiceal, renal cell carcinomas and malignant melanoma has also been
reported [145–148]. The diagnosis can usually be made by morphological and
immunohistochemical means. However, the relative rarity of secondary tumors at this
site results in the mimicking of primary cervical carcinoma. Papanicolaou smear
cytology has detected metastatic carcinoma in several reported cases [149, 150].



Fig. 11.24 This metastatic colonic adenocarcinoma presented as a cervical mass. The findings are of an infiltrative
glandular malignancy with abundant mucin, and hyperchromatic columnar cells are arranged around inflammatory or
necrotic debris
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Appendix 1: Surgical Cut Up of Cervical Specimens

Introduction
A variety of specimens are received as part of diagnosis and surgical treatment of
precancerous lesions and malignant cervical pathology. Specimen handling is crucial
for accurate diagnosis, staging, and reporting, to enable optimal patient management.
Handling, sampling, and processing of different specimen types are outlined below [ 1 –
4 ].

Cervical Punch/Wedge Biopsies
Cervical biopsies are usually colposcopically directed and carried out as a diagnostic
procedure, generally after an abnormal smear. These are usually received in formalin
and are 4–7 mm in their greatest dimension and 2–4 mm thick. Wedge biopsies are
larger than punch biopsies but smaller than excision specimens and are carried out
colposcopically as an alternative diagnostic procedure to a punch biopsy to confirm
neoplasia before definitive treatment.

Macroscopic Description
The following should be recorded:

Number of fragments.
Color and consistency of the biopsies.
Size of each fragment in three dimensions, measured in millimeters, or the range of
the largest and smallest dimensions: for mucoid samples and/or those with
immeasurably small tissue fragments, an aggregate measurement may be given in
three dimensions or a volume dimension in milliliters.

Specimen Dissection and Block Selection
Process all tissue, including mucoid material.
If fragments are very small, wrap in tissue or process in mesh bags/wire cages to
prevent loss during processing.
For easier visibility and handling during embedding and cutting, the tissue may be
inked using eosin before transfer to cassettes.



Specimens greater than 5 × 5 mm may be bisected along the mucosal surface or
sliced perpendicular to this surface; if sectioned, this should be recorded.
For wedge biopsies, identify the squamocolumnar junction where possible, and
slice perpendicularly to this; if sectioned, this should be recorded.

Processing/Staining
Use standard H&E.
A minimum of three levels should be examined in each case.
Further levels, with a minimum of three additional levels, should be examined if
there is a discrepancy between cytology and histology or to visualize the
epithelium if this is not seen.

Excision Specimens: Cervical Cone Biopsy and Large Loop
Excision of the Transformation Zone (LLETZ; Also Known as
Loop Electrosurgical Excision Procedure, LEEP)
Cone/LLETZ biopsies are carried out on women with abnormal cytology samples as a
“see and treat” procedure, or following a positive punch biopsy. The biopsy can be
diagnostic or therapeutic. Large loop diathermy is most commonly used and favored
because of reduced levels of bleeding, improved healing and preservation of cervical
anatomy, and ability to be performed as an outpatient procedure, without general
anesthetic. Electrothermal artefact can, however, impair histological diagnosis and
render the assessment of excision margins difficult, especially in cases of glandular
neoplasia. Cone biopsies are performed using a scalpel (“cold knife”). This is carried
out as an in-patient procedure under general anesthetic. A “cold knife” cone biopsy is
traditionally a preferred procedure for assessing glandular lesions of the cervix,
especially after a diagnostic biopsy, to enable excision of a greater length of the
endocervical canal ensuring complete excision and to avoid difficulties in diagnostic
interpretation due to diathermy artefact.

Intact cone or loop biopsies are roughly conical in shape. The specimen may arrive
free in the specimen pot, or it may be orientated and/or pinned to a corkboard. It may be
open at one end (giving a U-shape) or opened and drawn out into a flattened, curved
specimen. Alternatively, it may be received as multiple loop fragments, e.g., superficial,
deeper/“top-hat” or marginal fragments. Marking the specimen with a suture by the
clinician (e.g., at 12 o’clock position) may be helpful for orientation of the specimen
during cutting.



Macroscopic Description
The following should be recorded:

It is customary to record the measurements of the intact central loop/cone biopsy in
three dimensions (anteroposterior, side to side, and thickness).
Measurements of flat/opened loop biopsy in three dimensions (noting which
dimension is being measured).
In practice there tends to be variation in what is considered “depth”; to be relevant
clinically [ 5 ] and to allow for standard measurements to be recorded, the
description should clearly indicate the following three dimensions:

– Length of the mucosal surface, i.e., a radial measure of distance from
endocervical to ectocervical (EE) edges

– Maximum thickness of tissue
– Circumference or perpendicular diameters of tissue, for open and intact

specimens, respectively.
For multiple loop biopsies, the number of pieces, with the smallest and largest
measured in the maximum dimension where the sample is small or in three
dimensions where it is larger.
The color, consistency, and presence of any surface lesions.

Specimen Dissection and Block Selection
For all loop/cone biopsies, all slices must be blocked sequentially and not in
random order.
All of the tissue should be processed.
Consider the use of ink where the identification of margins is difficult. For
example, inking the ectocervical rim can be useful when orientating individual
slices in the presence of a large ectropion. However, this is not always necessary.
Note that opening or probing an intact loop/cone biopsy may damage the surface
epithelium.
When sectioning intact central loop/cone biopsies, two possible methods can be
employed:

– Slicing serially parallel to the sagittal plane at 2–3 mm intervals, from one
edge to the other (beginning at the 3 or 9 o’clock edge), perpendicular to
the transverse axis of the external os. The curved lateral ends may be



processed with the flat or curved side downward; a useful alternative is to
cut these slices perpendicular to the longest axis of the slice so that the
entire curved edge can be examined at 2–3 mm intervals.

– Sampling radially, in wedge-shaped slices.
Opened loop biopsies should be processed in sequential transverse slices, with the
same surface facing down so that successive blocks allow examination of tissue at
2–3 mm intervals rather than of contiguous planes or of opposite surfaces which
would be 4–6 mm apart.
Fragments (e.g., superficial, deep/“top-hat,” or marginal) should be processed in
designated sequential cassettes.
Only one slice should be processed in one cassette; this may contain more than one
piece of tissue as when transverse slices are made parallel to the sagittal plane or
when the curved lateral edges are submitted in multiple slices parallel to the
longest axis of the slices.

Processing/Staining
Use standard H&E. A single full-face section is sufficient from each block.
Examine further levels if the full epithelial surface is not evident, if there is
cytohistological discrepancy, or if invasive disease is suspected on the basis of the
cytological, colposcopic, or histological features.

Simple Hysterectomy/Trachelectomy
This may be performed in cases where persistent abnormal cytology has been reported,
after therapeutic conization or loop excision of an earlier cervical lesion, or for
persistent cytological changes where the transformation zone cannot be visualized
colposcopically (because of cervical stenosis or scarring from previous cervical loop
biopsies or conization). This may also be carried out in women as an option instead of
conization when the family is complete. In some instances, CIN may be an incidental
finding when simple hysterectomy has been performed for other clinical reasons.

Macroscopic Description
The following should be recorded:

Size of the specimen
Size of the cervix (in hysterectomy specimens)



Presence or absence of attached adnexal structures
Presence or absence of parametrial tissues and vagina

Specimen Dissection and Block Selection
When the uterus has already been opened and sampled before the cervical lesion
was detected, two standard cervical blocks may already have been taken.
In all cases, block all cervical tissue to examine the entire transformation zone.
This will ensure that the whole lesion has been processed, exclude an invasive
component, and allow assessment of the inferior (vaginal) excision margin.

Processing/Staining
Use standard H&E.
Cut a full-face single section from each block.
If the surface epithelium is missing, sections are incomplete, or invasion is
suspected consider cutting further levels.

Radical Trachelectomy
This procedure is performed for low-stage cervical cancers, where surgical treatment
with preservation of fertility is desired. The following structures are included in radical
trachelectomy specimens:

Cervix
Parametrium
Vaginal cuff
Pelvic lymphadenectomy (this may be carried out as a separate surgical procedure)

Macroscopic Description
The following should be recorded:

Structures included and whether the specimen can be orientated. In most cases, the
surgeon will place a suture at the 12 o’clock position to assist orientation; this
should be encouraged. The peritoneum is present posteriorly, often taking a
triangular shape with the apex pointing downward. There is usually no peritoneum
over the anterior surface of vaginal trachelectomies, but a small amount may be
present in specimens excised abdominally. Where the anterior and posterior



aspects of a specimen are difficult to identify, this should be clearly recorded.
Height/length, lateral, and anteroposterior dimensions in millimeters.
Length of vaginal cuff as a range (with maximum and minimum dimensions, as this
usually varies around the circumference); also, the positions of the maximum and
minimum lengths.
Dimensions of resected parametrial/mesometrial tissues in three dimensions
recorded separately for anterior, posterior, left, and right.
Presence of any macroscopic abnormality: residual tumor, biopsy defect/scar or
other lesions.
Measurement of residual tumor, biopsy defect, or other lesion(s)
Residual tumor should be measured in three dimensions, and the number of
quadrants involved should be recorded.
Position of residual tumor as clock face position and distance from the proximal,
distal, and radial resection margins.

Specimen Dissection and Block Selection
Parametrial margins should be inked. Using a standard protocol of right (Red or
gReen) and left (bLue or yeLlow) helps to maintain orientation after slicing, as
does use of a different color to mark the anterior and posterior aspects.
The specimen should be blocked in its entirety. Block taking will vary according to
local preferences and the nature of the individual specimen (see below).
There is often a large central circumferential biopsy defect and no macroscopically
visible residual tumor, while in some instances, there is macroscopic evidence of
residual tumor:

– Where residual tumor is clearly visible, the blocks should be taken in such a
way that it is possible to measure tumor position and distance relative to
margins (proximal, vaginal, cervical stromal (tumor-free stromal rim), and
parametrial).

– Blocks should be taken in a standard way for all other cases (i.e., when
there is no residual visible tumor) and should also be taken to sample the
remaining tissue after the tumor has been assessed.

Recommended method:
– Slice in parallel, horizontal slices of 2–3 mm thickness, including cervix



and attached parametrial tissues in continuity, starting from the upper end
and stopping 10–15 mm above the external os, taking care not to slice
through the vaginal fornices.

– Slice the lower part of the specimen, comprising the ectocervix and attached
vaginal cuff, radially.

– Each slice is processed in a separate cassette.
– The proximal/upper margin (first slice) is embedded to allow examination

of the superior surface.
– All transverse slices are embedded similarly, with the superior surface

forming the cutting face of the block.
– Each slice may have to be bisected, or cut into three or four pieces, to fit

into a cassette in a way that preserves all surgical margins. The cassettes
must not be >80% filled with tissue. Large blocks can be used if preferred.
No tissue should be trimmed or discarded.





Fig. A1.1  Figure A1.1: Embedding sites for a radical hysterectomy in a case of cervical carcinoma ( a )
Schematic description of embedding sites with block codes. ( b ) Radical hysterectomy after appropriate
fixation and coronal sectioning of the specimen, showing embedding sites. Notes: Block codes 3 and 4 contain
the transition between the tumor and the most proximal parametrial tissue (paracervix) for the examination for
tiny foci of extrauterine disease. Block codes 6 and 7 - the parametrial tissue should be embedded completely

Alternative method:
– Take one sagittal slice through the length of the trachelectomy, leaving right

and left hemicervices with parametrial and vaginal tissues attached. The
vertical slice is processed as anterior and posterior portions of cervix and
vagina

– The remaining specimen is then handled as above, in horizontal slices for
the upper portion and radial slices for the lower with vaginal cuff.

For specimens that are smaller than 10–15 mm in their vertical dimension,
processing as a cone or LLETZ may be preferable.

Processing/Staining
Use standard H&E.
Cut a full-face single section from each block.
If the surface epithelium is missing or sections are incomplete, consider cutting
further levels.

Radical Hysterectomy
Traditionally this has been the standard treatment for cases of cervical carcinoma at
stage IA2, IB, and IIA. With the greater use and equivalent survival results using radical
chemoradiotherapy, this procedure is becoming more infrequent, particularly in
countries with a successful cervical screening program. This is carried out in cases
where there is a very low chance of adjuvant therapy being indicated. The surgical
specimen includes the parametria, vaginal cuff, and pelvic+/- para-aortic lymph node
dissection. The adnexa are usually included but, in younger women, the ovaries may be
conserved to prevent premature menopause.

Macroscopic Description
The following should be recorded:

Structures included



Height/length, lateral, and anteroposterior dimensions in millimeters
Length of vaginal cuff as a range (with maximum and minimum dimensions, as this
usually varies around the circumference); also, the positions of the maximum and
minimum lengths
Dimensions of resected parametrial/mesometrial tissues in three dimensions
recorded separately for anterior, posterior, left, and right
Presence of any macroscopic abnormality: residual tumor, biopsy defect/scar, or
other lesions
Dimensions of residual tumor, biopsy defect, or other lesion(s)
Position of residual tumor as clock face position and distance from the proximal,
distal, and radial resection margins

Specimen Dissection and Block Selection (Fig. A1.1a and b)
Parametrial margins should be inked. Using a standard protocol of right (Red or
gReen) and left (bLue or yeLlow) helps to maintain orientation after slicing, as
does use of a different color to mark the anterior and posterior aspects.
The cervix should be separated with the vaginal cuff and parametrial tissues
attached.
There may be a large central circumferential biopsy defect and no macroscopically
visible residual tumor, while in some instances, there is macroscopically evidence
residual tumor seen:

– Where residual tumor is clearly visible, the blocks should be taken in such a
way that it is possible to measure tumor position and distance relative to
margins (proximal, vaginal, cervical stromal (tumor-free stromal rim), and
parametrial).

– Blocks should be taken in a standard way for all other cases (i.e., when
there is no residual visible tumor) and should also be taken to sample the
remaining tissue after the tumor has been assessed.

Recommended method:
– Slice in parallel, horizontal slices of 2–3 mm thickness, including cervix

and attached parametrial tissues in continuity, starting from the upper end
and stopping 10–15 mm above the external os, taking care not to slice
through the vaginal fornices, as above for trachelectomy specimens.

– The lower part of the specimen, comprising the ectocervix and attached



vaginal cuff, is radially sliced, as above for trachelectomy specimens.
Examine each slice carefully for residual tumor.
Where there is no macroscopically evidence residual tumor, sample all the tissue
in the same way as described for radical trachelectomy.
In the presence of residual tumor, at least one block of tumor per centimeter of its
maximum dimension should be taken.
Blocks should enable measurement of the deepest portion of the tumor to the
external rim of cervix and to the nearest parametrial margin.
For tumors positioned low in the cervix, blocks should enable measurement to the
vaginal margin.
All vaginal tissue should be sampled to detect/exclude microscopic vaginal
involvement.
All parametrial tissue should be sampled to exclude microscopic parametrial
invasion.
Representative sections should be taken of remaining structures, i.e., uterine corpus
and adnexa.

Processing/Staining
Use standard H&E.
Cut a full-face single section from each block.
If the surface epithelium is missing or sections are incomplete, consider cutting
further levels.

Pelvic Exenteration (Figs. A1.2 and A1.3 )
Pelvic exenteration may be performed for advanced cervical carcinoma or central
recurrent disease, sometimes after treatment with chemoradiation. Because of the highly
individual surgical approach in a given patient, the following recommendations must be
carefully adapted to the specimen. The hysterectomy specimen will be accompanied by
adjacent or adherent organs, e.g., bladder, large bowel, and (in rare cases) pelvic
sidewall and/or bone. Prior chemoradiation may obscure the primary tumor and also the
extent of macroscopic tumor spread. Appropriate fixation is mandatory in these
generally large specimens to ensure adequate handling and microscopic examination. It
may be necessary to fix the specimen for 24–48 h. Tamponade of the bladder, large
bowel, and vagina with cellulose may be helpful to improve fixation and keep the



organs in shape before cutting.

Fig. A1.2 Exenteration specimen from locally advanced cervical carcinoma containing urinary bladder and the uterus
with sagittal cutting. Note the well-preserved shape of the urinary bladder after previous tamponade and fixation (see
text). The uterus was previously opened at the 6 o’clock position during frozen section examination, and then the
specimen was fixed for 48 h in buffered formalin



Fig. A1.3 Exenteration specimen from a patient with central pelvic recurrence of a squamous cell carcinoma of the
uterine cervix, cut in the sagittal plane

Dissection of adherent or adjacent organs should be carried out in a way that does
not compromise assessment of resection margins; a neat sagittal slice through all
structures is helpful to assist fixation, demonstrate relationship of tumor to different
structures and surgical margins and allow for block selection (Figs. A1.2 and A1.3 ). A
photographic record of the specimen may be useful. Consider painting resection margins
with different colors of ink/dye and inflating the urinary bladder with formalin prior to
specimen opening. Open adherent or adjacent organs to allow fixation without
compromising resection margins. Block selection will vary according to the position of
the tumor, but, broadly speaking, perpendicular sections are favored over tangential
sections for evaluating the resection margins and enabling measurement of the distance
between the tumor and the given margin.

Macroscopic Description
The following should be recorded:

Height/length, lateral, and anteroposterior dimensions in millimeters.
Record and measure the specimen components, their gross appearances, and any
macroscopic lesions, capturing relevant information on the relationship of the
tumor to the bowel (usually the rectum) and urinary bladder.



Describe the presence, and the extent of involvement, of any tumor in the vaginal
fornices, parametria, urinary bladder, and rectum.
Measure the distance from the tumor to the resection margins.
Record the number and site of lymph nodes recovered from the specimen; note
macroscopic involvement and dimensions of involved nodes.

Specimen Dissection and Block Selection
Hemisect the entire specimen in the sagittal plane through the uterus and neoplasm.
This allows detailed evaluation of the relationship of the tumor to adjacent
anatomical structures and facilitates block selection.
Consider taking blocks of the vaginal resection margin, in continuity with the
tumor, where the vaginal cuff is short.
Take separate blocks of the trimmed circumferential vaginal resection margin.
Block the parametrial and paracervical tissues in their entirety, recording
laterality.
To assess infiltration of the rectum and bladder, sample the rectum and bladder
perpendicular to the mucosa directly overlying the cervical tumor.
Sample the closest circumferential resection margins. Inking may be helpful in
determining the status and distance of the resection margins.
Consider using oversized tissue blocks when examining cervical tumors in
exenteration specimens, in order to retain anatomical relationships and assess
resection margins. Process additional standard-sized blocks of tumor to allow
immunohistochemistry or other special stains to be undertaken if necessary.

Processing/Staining
Use standard H&E.
Cut a full-face single section from each block.
If sections are incomplete, consider cutting further levels.

Lymph Node Specimens
Lymph nodes are usually sent in separate pots, labeled according to the site of origin. In
exenteration specimens, process nodes that are recovered from the
mesocolon/mesorectum and parametria separately. The earliest site of nodal metastasis



is the subcapsular sinus, and sectioning of lymph nodes should be such that examination
of this space is maximized. Sentinel lymph nodes should be processed the same way as
non-sentinel nodes with additional procedures for ultra staging according to local
protocols.

Macroscopic Description
The following should be recorded for each specimen site:

Total amount of tissue
Number of macroscopically identifiable nodes
Range of sizes in three dimensions
Macroscopic evidence of metastasis
Macroscopic evidence of extranodal spread

Specimen Dissection and Block Selection
Large lymph nodes should be sampled in separate cassettes.
Small nodes, which are being processed without cutting, can be placed as multiple
in one cassette.
Block details should be carefully recorded, as it may not be possible to distinguish
between a single node processed in several slices and multiple separate nodes in a
single cassette.
Only one block is necessary from any grossly involved node. It is recommended to
leave a small rim of surrounding fatty tissue surrounding such nodes to determine
the presence of extracapsular extension.
Nodes that are not macroscopically involved should be processed entirely:

– Nodes >5 mm in largest diameter should be bisected or serially sliced at 2
mm intervals perpendicular to the longest axis. Large lymph nodes may
require processing in more than one block.

– Nodes <5 mm should be processed whole.
Ideally all remaining adipose tissue should be processed. If this amounts to an
unusually large number of cassettes (>4 additional blocks), and the node yield is
high, only representative sections may be taken at the discretion of the pathologist.

Processing/Staining



Use standard H&E.
Cut a full-face single section from each block.
If sections are incomplete, consider cutting further levels.
Procedures for sentinel node processing should be followed according to local
protocols.

Appendix 2: Dataset for Reporting Cervical Neoplasia
The dataset presented here is based on the recommendations of the International
Collaboration on Cancer Reporting (ICCR, http://​www.​iccr-cancer.​org/​datasets ) [6].
The ICCR is an alliance between the Royal College of Pathologists of Australasia, the
Royal College of Pathologists of the United Kingdom, the College of American
Pathologists, and the Canadian Partnership Against Cancer. This was formed with a
view to standardizing cancer reporting worldwide by developing evidence-based
datasets for each cancer site and reducing the effort involved in cancer dataset
development by different international institutions.

The following elements may be recorded in pathology reports on cervical neoplasia;
in each it is indicated whether these are required or recommended.

Element name: Prior treatment
RECOMMENDED
Response type: Value list (single and multi-select)/ text :

Previous procedure performed :
Loop
Cone
Trachelectomy
No prior procedure
Information not provided

Previous therapy :
Administered

– Chemotherapy
– Radiation
– Chemoradiation

No prior therapy

http://www.iccr-cancer.org/datasets


Information not provided

Element name: Specimen(s) submitted
REQUIRED
Response type: Value list (multi-select, i.e., more than one option can be chosen)/

text :
Not specified
Loop excision*
Cone biopsy
Trachelectomy
Hysterectomy:

– Simple
– Radical
– Part of exenteration
– Type not specified

Left tube
Right tube
Left ovary
Right ovary
Left parametrium
Right parametrium
Vaginal cuff
Pelvic exenteration:

– Urinary bladder
– Rectum
– Vagina
– Sigmoid colon
– Others ( specify )

Lymphadenectomy specimen(s)
– Left:



Sentinel node(s)
Regional nodes: pelvic
Non-regional nodes: inguinal

– Right:
Sentinel node(s)
Regional nodes: pelvic
Non-regional nodes: inguinal

– Non-regional: para-aortic
– Other node groups ( specify )

Others ( specify )
* Loop excision includes loop electrosurgical excision procedure (LEEP) and

large loop excision of the transformation zone (LLETZ)
Element name: Specimen dimensions
REQUIRED
Response type: Numeric in mm/value list:
Number of tissue pieces: *___
Tissue piece dimensions: *___×___×___mm ( record for each piece )
Cervix: ** Diameter of ectocervix ___×___mm

Depth of specimen ___mm
Vaginal cuff***: Minimum length ___mm

Maximum length ___mm
Not applicable

Left parametrium: Length ___mm or not applicable (RECOMMENDED)
Right parametrium: Length ___mm or not applicable (RECOMMENDED)

*Applicable to loop/cone biopsies only
**Applicable to loop/cone biopsies and trachelectomy specimens only
***Applicable to loop/cone biopsies, trachelectomy, and hysterectomy specimens
Element name: Macroscopic tumor site(s)
RECOMMENDED
Response type: Value list (multi-select, i.e., more than one option can be chosen)/

text :



No macroscopically visible tumor
Indeterminate
Anterior cervix
Posterior cervix
Left lateral cervix
Right lateral cervix
Circumference of cervix
Extension to the vaginal cuff
Extension to the isthmus of the uterus or the uterine body
Left parametrium
Right parametrium
Other organs or tissues ( if additional tissue was resected, e.g. the urinary
bladder mesothelium, the rectum or the bladder wall )

Element name: Macroscopic appearance of tumor(s)
RECOMMENDED
Response type: Value list (multi-select, i.e., more than one option can be chosen)/

text :
No macroscopically visible tumor
Exophytic/polypoid
Flat
Ulcerated
Circumferential/barrel shaped cervix
Others ( specify )

Element name: Block identification key
RECOMMENDED
Response type: Text
Element name: Tumor dimensions*
REQUIRED
Response type: Value list/numeric mm:
Horizontal extent ___×___mm



Depth of invasion ___mm OR not assessable
– If not assessable record Thickness ___mm

*If separate tumors specify the dimensions for each tumor
Element name: Histological tumor type
REQUIRED
Response type: Value list (multi-select, i.e., more than one option can be chosen)/

text :
WHO 2014 listed tumors

Element name: Histological tumor grade
RECOMMENDED NO
Response type: Value list:
G1: Well differentiated
G2: Moderately differentiated
G3: Poorly differentiated
GX: Cannot be graded
Not graded

Element name: Lymphovascular invasion
REQUIRED
Response type: Value list/ text :
Not identified
Indeterminate
Present

Element name: Perineural involvement
RECOMMENDED
Response type: Value list (multi-select, i.e., more than one option can be chosen)/

text

Coexistent Pathology
ELEMENTS 1, 2 AND 3 REQUIRED FOR LOOP/CONE
EXCISIONS/TRACHELECTOMIES ONLY; RECOMMENDED FOR OTHER
SPECIMENSElement name 1: Squamous intraepithelial lesion (SIL) (CIN)

Response type: Value list:



Not identified
Present

– Grade:
Low-grade SIL (LSIL) (CIN 1)
High-grade SIL (HSIL) (CIN 2/3)

Element name 2: Adenocarcinoma in situ (AIS)/high-grade cervical glandular
intraepithelial neoplasia (HG CGIN)

Response type: Value list:
Not identified
Present

Element name 3: Stratified mucin-producing intraepithelial lesion (SMILE)
Response type: Value list:
Not identified
Present

Element name 4: Other possible precursor lesions
RECOMMENDED
Response type: Value list:
Not identified
Present:

– Lobular endocervical glandular hyperplasia
– Adenocarcinoma in situ of gastric type
– Others (specify)

Element name: Extent of invasion
REQUIRED
Response type: Value list/ text :x
Not applicable
Vagina:

– Involved:
Upper two thirds
Lower third



– Not involved
Endometrium:

– Involved
– Not involved

Myometrium:
– Involved
– Not involved

Parametrium:
– Involved:

Left
Right

– Not involved
Fallopian tube:

– Involved:
Left
Right

– Not involved
Ovary:

– Involved:
Left
Right

– Not involved
Bladder:

– Involved:
S pecify compartment

– Not involved
Rectum:

– Involved:



S pecify compartment
– Not involved

Other organs or tissues:
– Involved:

S pecify
– Not involved

Element name: Margin status
REQUIRED
Response type: Value list/numeric in mm/ text
Margins cannot be assessed

OR complete the following:

For Carcinoma
Hysterectomy/Trachelectomy Specimen
Margin Involved Not involved Distance from tumor (mm) #

Radial/stromal margin    

Ectocervical/vaginal cuff margin    

Closest lateral margin Right
Left

  

Endocervical margin *    

Loop/Cone
Margin Involved Not involved Distance from tumor (mm) #

Ectocervical margin    

Endocervical margin    

Radial/stromal margin    

Unspecified margin **    

For Preinvasive Disease
Margin HSIL AIS/SMILE Margin is not



applicable to
specimen

 Involved Not
involved

Distance of
margin (mm) #

Involved Not
involved

Distance of
margin (mm) #

 

Ectocervical/vaginal
cuff margin

       

Endocervical margin        

Radial/stromal
margin

       

Unspecified margin        

# Complete only if not involved and if less than 10 mm
* These measurements are required only for trachelectomy specimens
** Use for loop/cone biopsies where it is not possible to say whether the margin is
ectocervical or endocervical

Element name: Lymph node status
REQUIRED
Response type: Value list / numeric /text
Not submitted
Not involved
Involved
Left:

– Sentinel node(s):

Number of lymph nodes examined** __

Number of positive lymph nodes** __
– Regional nodes – pelvic:

Number of lymph nodes examined** __

Number of positive lymph nodes** __
– Non-regional nodes – inguinal:

Number of lymph nodes examined** __

Number of positive lymph nodes** __
Right:



– Sentinel node(s):

Number of lymph nodes examined** __

Number of positive lymph nodes** __
– Regional nodes – pelvic:

Number of lymph nodes examined** __

Number of positive lymph nodes** __
– Non-regional nodes – inguinal:

Number of lymph nodes examined** __

Number of positive lymph nodes** __
Non-regional – para-aortic:

Number of lymph nodes examined** __

Number of positive lymph nodes** __
Other node group ( specify ):

Number of lymph nodes examined** __

Number of positive lymph nodes** __
** In some cases, it may not be possible to record the actual number of nodes due

to fragmentation of the specimen
Element name: Ancillary studies
REQUIRED
Response type: Value list:
Not performed
Performed:

– Human papillomavirus (HPV) testing ( specify details )
– Immunohistochemistry ( specify details )
– Others ( specify details )

Element name: Pathologically confirmed distant metastases
REQUIRED
Response type: Value list (single select)/ text
Not identified



Present ( specify site(s) )

Provisional Pathological Staging Pre-Multidisciplinary Team
Meeting (MDTM)
Element name 1: FIGO 2009 EDITION

REQUIRED
Response type: FIGO list of values
Element name 2: TNM descriptors (UICC 8th Edition, 2016)
RECOMMENDED
Response type:
m (multiple primary tumors)
r (recurrent)
y (post treatment)

Element name 3: Primary tumor T category (UICC 8th Edition, 2016)
REQUIRED
Response type: TNM pT value list
Element name 4: Regional lymph nodes N category (UICC 8th Edition, 2016)
REQUIRED
Response type:
No nodes submitted or found
TNM pN value list

Appendix 3: TNM and FIGO Staging of Cervical Carcinoma
(ICD-O C53)
The definitions of the T and M categories correspond to the FIGO stages [7, 8]. FIGO
staging does not take nodal involvement into account. Both systems are presented below
for comparison.

TNM
category

FIGO
stage

Definition

T – primary tumor
TX – Primary tumor cannot be assessed
T0 – No evidence of primary tumor
Tis – Carcinoma in situ (preinvasive carcinoma)



T1 I Cervical carcinoma confined to the uterus
(extension to corpus should be disregarded)

T1a IA Invasive carcinoma, diagnosed only by microscopy,
with deepest invasion ≤5.0 mm and largest extension ≤7.0 mm

T1a1 IA1 Measured stromal invasion ≤3.0 mm in depth and ≤7.0 mm in horizontal spread
T1a2 IA2 Measured stromal invasion of >3.0 mm and not >5.0 mm, and ≤7.0 mm in horizontal spread
T1b IB Clinically visible lesion limited to the cervix uteri or preclinical cancers greater than stage T1a/IA
T1b1 IB1 Clinically visible lesion ≤4.0 cm in greatest dimension
T1b2 IB2 Clinically visible lesion >4.0 cm in greatest dimension
T2 II Tumor invades beyond the uterus but not to pelvic wall or to lower third of vagina
T2a IIA Without parametrial invasion
T2a1 IIA1 Clinically visible lesion ≤4.0 cm in greatest dimension
T2a2 IIA2 Clinically visible lesion >4.0 cm in greatest dimension
T2b IIB Tumor with parametrial invasion
T3 III Tumor extends to pelvic wall and/or involves lower third of vagina and/or causes

hydronephrosis or nonfunctioning kidney *

T3a IIIA Tumor involves lower third of vagina, with no extension to pelvic wall
T3b IIIB Extension to pelvic wall and/or hydronephrosis or nonfunctioning kidney
T4 IV Tumor has extended beyond the true pelvis or has involved (biopsy proven) the mucosa of

the  bladder or rectum. Bullous edema does not permit a case to be allocated to stage IV
T4 IVA Spread to adjacent organs
N – regional lymph nodes
NX – Regional lymph nodes cannot be assessed
N0 – No regional lymph node metastasis **

N1 – Regional lymph node metastasis ***

M – distant metastasis
M0 – No distant metastasis
M1 IVB Spread to distant organs****

Notes:
Depth of invasion should be taken from the base of the epithelium, either surface or
glandular, from which it originates. The depth of invasion is defined as the
measurement of the tumor from the epithelial-stromal junction of the adjacent most
superficial papillae to the deepest point of invasion
Vascular space involvement, venous or lymphatic, does not affect stage
classification
FIGO no longer includes stage 0 (Tis)



All macroscopically visible lesions, even with FIGO stage Ia dimensions, are
T1b/IB
Bullous edema is not sufficient to classify a tumor as T4
* On rectal examination, there is no cancer-free space between the tumor and the
pelvic wall. All cases with hydronephrosis or nonfunctioning kidney are included,
unless they are known to be due to another cause
** Histological examination of a pelvic lymphadenectomy specimen will ordinarily
include six or more lymph nodes. If the lymph nodes are negative, but the number
ordinarily examined is not met, classify as pN0
*** Regional lymph nodes include paracervical, parametrial, and hypogastric
(internal iliac, obturator); common and external iliac; and presacral and lateral
sacral nodes. Para-aortic nodes are not regional
**** Distant metastasis includes inguinal lymph nodes and intraperitoneal disease
except metastasis to pelvic serosa. It excludes metastasis to vagina, pelvic serosa,
and adnexa

TNM Stage Grouping
TNM stage T N M
Stage 0 Tis N0 M0
Stage I T1 N0 M0
Stage IA T1a N0 M0
Stage IA1 T1a1 N0 M0
Stage IA2 T1a2 N0 M0
Stage IB T1b N0 M0
Stage IB1 T1b1 N0 M0
Stage IB2 T1b2 N0 M0
Stage II T2 N0 M0
Stage IIA T2a N0 M0
Stage IIA1 T2a1 N0 M0
Stage IIA2 T2a2 N0 M0
Stage IIB T2b N0 M0
Stage III T3 N0 M0
Stage IIIA T3a N0 M0
Stage IIIB T3b Any N M0
Stage IIIB T1, T2, T3 N1 M0



pNX(sn)
pN0(sn)
pN0(sn)

pN0
pN0(i-)

pN0(i+)

pN0(mol-)

pN0(mol+)

pN0(i-)(sn)

pN0(i+)(sn)

Stage IVA T4 Any N M0
Stage IVB Any T Any N M1

Additional/Optional Descriptors in the TNM Classification
Sentinel Lymph Node
The following designations are applicable for sentinel lymph node assessment:

Sentinel lymph node could not be assessed.
No sentinel lymph node metastasis.
Sentinel lymph node metastasis.

Isolated Tumor Cells
Isolated tumor cells (ITCs) are single tumor cells or small clusters of cells no more than
0.2 mm in greatest dimension detected by routine H&E stains or immunohistochemistry.
Cases with ITC in lymph nodes or distant metastatic sites should be classified as N0 or
M0, respectively. This also applies to findings suggestive of tumor cells or tumor cell
components detected by non-morphological techniques such as flow cytometry or DNA
analysis.

The following designations are applicable to ITC in regional lymph nodes:

No regional lymph node metastasis histologically; no examination for ITCs
No regional lymph node metastasis histologically; negative morphological

findings for ITCs
No regional lymph node metastasis histologically; positive morphological

findings for ITCs
No regional lymph node metastasis histologically; negative non-

morphological findings for ITCs
No regional lymph node metastasis histologically; positive non-

morphological findings for ITCs

The following designations are applicable to ITCs in sentinel lymph nodes:

No sentinel lymph node metastasis histologically; negative
morphological findings for ITCs

No sentinel lymph node metastasis histologically; positive
morphological findings for ITCs



pN0(mol-)(sn)

pN0(mol+)(sn)

LX
L0
L1

VX
V0
V1
V2

No sentinel lymph node metastasis histologically; negative non-
morphological findings for ITCs

No sentinel lymph node metastasis histologically; positive non-
morphological findings for ITCs

Multiple Primary Tumors
The suffix “m,” in parentheses, is used to indicate the presence of multiple primary
tumors at a single site.

Classification Following Multimodality Therapy
The prefix “y” is used to categorize tumors examined following multimodality therapy.
This indicates the extent of tumor present at the time of that examination and is not an
estimate of the extent of tumor prior to multimodality therapy.

Recurrent Tumors
Recurrent tumors classified after a disease-free interval are identified by the “r” prefix.

Classification at Autopsy
The prefix “a” indicates that classification is first determined at autopsy.

Lymphatic Invasion: L
Lymphatic invasion cannot be assessed.
No lymphatic invasion.
Lymphatic invasion.

Venous Invasion: V
Venous invasion cannot be assessed.
No venous invasion.
Microscopic venous invasion.
Macroscopic venous invasion.

Note: Macroscopic involvement of the wall of veins (with no tumor within the
lumen of the veins) is classified as V2.



PnX
Pn0
Pn1

Perineural Invasion: Pn
Perineural invasion cannot be assessed.
No perineural invasion.
Perineural invasion.



Appendix 4: Frozen Section Analysis in Cervical Carcinoma
In certain instances, surgical specimens in patients with cervical carcinoma may require
intraoperative assessment by frozen section (FS) analysis. Here we will briefly review
the approach and results of FS analyses in conization specimens, simple and radical
trachelectomies and radical hysterectomies, as well as lymph node specimens.

Conization Specimens
There may be two scenarios for FS analyses in conization specimens:

1. To diagnose the lesion  
2. To examine the excision margins 

In patients with non-visible lesions, a loop electrosurgical excisional procedure
(LEEP) or cone biopsy must be performed to make a definitive diagnosis of invasive
cancer and to evaluate the size of the carcinoma and its depth of invasion. To reduce the
time for establishing the definitive diagnosis and for reduction of the waiting time for
the patient in case of additional surgery, some institutions offer FS to determine lesion
size and depth of invasion followed by simple or radical hysterectomy with or without
lymphadenectomy performed at the same surgery [9-12]. For FS, the cone specimen may
be entirely submitted as radial sections aided by inking the endocervical and
ectocervical margins with different colors, performing one or two sections per slide
[12]. An accuracy of 75–100% in distinguishing dysplasia from invasive carcinoma and
for the diagnosis of microinvasive carcinoma has been reported [9–13].

Other institutions examine only the endocervical margin by transverse (en face)
section on FS to guide additional surgery in cases of involvement [13, 14]. The reported
accuracy ranges between 87 and 100%.

Trachelectomy Specimens
Simple or radical trachelectomy (TE) is the fertility preserving approach in patients
with cervical cancer of FIGO stage IA2/IB1 or more. One important parameter of
successful treatment is the absence of disease at surgical margins [ 15 ], in particular the
isthmic/endocervical margin. At present, there is no consensus regarding the best
approach for FS [ 16 , 17 ]. Performing a transverse or en face section tangential to the
endocervical margin allows the examination of the entire margin surface. The
disadvantage may be that the exact distance between the invasive growing tumor and the



endocervical margin cannot be given. Longitudinal section(s) from the (inked)
endocervical margin in the direction of the invasive growing tumor (to the ectocervix)
allows the exact measurement of the distance between the tumor edge and the
endocervical margin. But the whole circumference of the endocervical margin will not
be covered by this method [ 16 , 18 ]. Some studies examine the margin by longitudinal
sections with complete embedding as radial sections aided by inking [ 19 ].

The best way may be the combination of both approaches [ 17 , 20 ] by performing a
transverse section of about 0.2–0.3 cm thickness and an additional perpendicular
section from the leading edge of the tumor in the direction of the endocervical margin to
measure the distance between the tumor and the margin. The final distance between the
invasive front and the endocervical margin is calculated by adding the distance from the
tumor to the edge of the perpendicular section to the thickness of the tangential section.
An accuracy of up to 100% has been reported for combined transverse and
perpendicular sections [ 17 ].

Radical Hysterectomies
Intraoperative examination of radical hysterectomy for cervical cancer is rarely
indicated [ 21 , 22 ]. The distal vaginal resection margin may be examined using
tangential sections. Additionally, cases with close posterior, anterior, or parametrial
resection margins (i.e., in the direction of the mesorectum, urinary bladder, or site of
parametrial infiltration) may be examined using perpendicular sectioning with inking of
the margins. Very rarely, assessment of involvement of the lower uterine segment/uterine
corpus may be requested [ 23 ].

Lymph Nodes
Frozen section examination of pelvic (and rarely para-aortic) lymph nodes may be
requested intraoperatively. The examination of lymph nodes in cervical cancer may be
challenging, and accuracy of up to 33% has been reported [24-26]. The tissue received
should be measured and carefully dissected and palpated to identify small lymph nodes.
Lymph nodes up to 0.3 cm may be embedded completely; larger nodes should ideally be
sliced perpendicular to their longest axis and processed completely [ 27 ]. Two to three
step sections from the frozen block should be performed to increase the detection of
small metastatic deposits.
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normal squamous epithelium

surgical biopsy
Chemoradiotherapy
Chemotherapy, neoadjuvant
Clear cell carcinoma
Condyloma acuminatum
Cytokeratin 7 (CK7)

D
Dendritic cells (DC)
Department of Health (DoH)
Diffuse laminar endocervical hyperplasia

E
Embryonal rhabdomyosarcoma
Endocervical adenocarcinoma (EACA)

epidemiology
HG-CGIN/AIS

cytopathology
histopathology

immunohistochemistry
invasive

cytopathology



histopathology
prognosis
usual type

pathobiology
Endocervical adenomyoma
Endocervical gland hyperplasias
Endocervical neoplasia, immunohistochemistry of
Endocervicosis
Endometrioid carcinoma
Endometriosis
Endosalpingiosis
Epithelioid trophoblastic tumor (ETT)
E7 protein
Equivocal lesions

F
Fetal squamocolumnar junction

BCL2
(cyto)keratins
hierarchical model, for cell lineages
immunomarker profile
immunophenotyping study
molecular markers
p63
reserve cells
solid cord
spatiotemporal distribution

G
Gastric-type adenocarcinoma (GAS)
Germ cell tumors
Gestational trophoblastic disease
Glassy cell carcinoma

clinical and gross features
histogenesis
histopathology
prognosis and management

Gynecological cytopathology



H
High-grade cervical glandular intraepithelial neoplasia (HG-CGIN)

AIS
cytopathology
histopathology

High-grade neuroendocrine carcinoma
High-grade squamous intraepithelial lesion (HSIL)

CIN2
CIN3
endocervical glands
management
variants

Human papillomaviruses (HPVs)
classification
DNA
epidemiology

clearance and risk
cytological, prevalence in disease
general population, prevalence in
histological, prevalence in disease

genome organization and life cycle
high-risk
host defences

basal keratinocytes
dendritic cells
Langerhans cells
NK cells
role
TLR
VLP

immunization
delivery and immunogenicity
prophylactic vaccines
therapeutic vaccines

infection
molecular assays
NHSCSP

testing
vaccination



RNA
testing

advantages
biospecimens
detection and management
disadvantages
in immunized populations
indications
molecular
screening and management
targets and types
tools and biomarkers, for risk stratification

Hyperplasia
Hysterectomy

I
Immunohistochemistry

cervical squamous intraepithelial lesions
diagnosis, squamous cell carcinomas
endocervical adenocarcinoma

Inflammation
In situ hybridization (ISH)

HPV DNA
HPV RNA

Intensity-modulated radiotherapy (IMRT)
Intramuscular (IM) injection
Intrauterine device (IUD)
Invasive endocervical adenocarcinoma

cytopathology
histopathology
prognosis
usual type

K
Keratinizing SCC
Ki67

L



Langerhans cell histiocytosis (LCH)
Langerhans cells
Large cell neuroendocrine carcinoma (LCNEC)
Liquid-based cytology (LBC)
Lobular endocervical glandular hyperplasia (LEGH)

characteristics
histogenesis and precursors

Loop electrosurgical excision procedure (LEEP)
Lower female reproductive tract

embryonic and fetal development
mesenchymal signals
Müllerian ducts
p63
squamocolumnar junction
transformation zone
urogenital sinus

Low-grade squamous intraepithelial lesion (LSIL)
CIN1
clinical management
cytology
histology

Lymphoepithelioma-like SCC
Lymphoid tumors
Lymphovascular space involvement (LVSI)

M
Malignant melanoma (MM)
MAVARIC study
Melanoma

clinical and gross features
histogenesis
histopathology
prognosis and management

Mesenchymal neoplasms
embryonal rhabdomyosarcoma
myofibroblastoma, of lower female genital tract
pseudoneoplastic myxoid change
smooth muscle

Mesonephric carcinoma



Mesonephric duct remnants
Metastatic disease
Metastatic ductal carcinoma
Microglandular hyperplasia
Mixed epithelial and mesenchymal neoplasms

adenofibroma and adenosarcoma
carcinosarcomas
endocervical adenomyoma

Myeloid tumors
Myofibroblastoma, of lower female genital tract

N
National Health Service Cervical Screening Programme (NHSCSP)

HPV testing
HPV vaccination
LBC
test of cure
triage of low-grade abnormality

Natural killer cells (NK cells)
Neoadjuvant chemotherapy (NACT)

SCC
surgical treatments

Neuroendocrine tumors (NETs)
histogenesis
histopathology
macroscopic appearance
prognosis and management

NHSCSP
See National Health Service Cervical Screening Programme (NHSCSP)

Non-human papillomavirus (HPV)-related carcinomas
clear cell carcinoma
endometrioid carcinoma
gastric-type adenocarcinoma
histogenesis and precursors

clear cell carcinoma
endometrioid carcinoma in situ
hyperplasia
LEGH
mesonephric duct remnants



serous carcinoma in situ
tuboendometrial metaplasia

mesonephric carcinoma
serous carcinoma

Non-keratinizing SCC

O
Oxyphilic metaplasia

P
p16
Papanicolaou classification system
Papillary SCC
Pap smear/test
Parametrial involvement
Perineural involvement (PNI)
Placental site nodule (PSN)
ProExC
Prophylactic vaccines
Pseudoneoplastic myxoid change
Pyloric gland metaplasia (PGM)

Q
Quadrivalent vaccine

R
Radiotherapy
Retinoblastoma (RB)

S
SCC

See Squamous cell carcinoma (SCC)
Secondary malignancy
Sentinel node surgery
Serous carcinoma
Serous carcinoma in situ
Small cell neuroendocrine carcinoma (SCNEC)



Smooth muscle neoplasms
Squamocolumnar junctional (SCJ) markers
Squamotransitional/transitional SCC
Squamous cell carcinoma (SCC)

clinical features
definition
diagnosis immunohistochemistry
differential diagnosis

invasive disease
lesions mimicking invasive disease
small round blue cell appearance

etiology
factors affecting prognosis and staging

adnexal involvement
depth of cervical stromal invasion
diameter
grade
LVSI
lymph node metastasis
molecular biomarkers
parametrial involvement
pattern of invasion
perineural involvement
(chemo)radiation-induced changes
stage
surgical margin status
uterine corpus
volume

macroscopic appearances
microscopic appearances

basaloid
keratinizing
lymphoepithelioma-like
non-keratinizing
papillary
squamotransitional/transitional
verrucous
warty/condylomatous

stromal invasion
diagnosis



measurement
Squamous intraepithelial lesion (SIL)High-grade squamous intraepithelial lesion
(HSIL) and Low-grade squamous intraepithelial lesion (LSIL)
Squamous metaplasia

uterine cervix
Squamous papilloma
Stem cells
Stratified mucin-producing carcinoma
Superficially invasive squamous cell carcinoma (SISCCA)

T
Therapeutic vaccines
Toll-like receptor (TLR)
Trachelectomy
Transitional cell carcinoma (TCC)
Transitional metaplasia
Tubal metaplasia (TM)

atypical glandular cells
in situ and invasive adenocarcinoma

Tuboendometrioid metaplasia (TEM)
Tunnel clusters

U
Undifferentiated carcinoma
Uterine cervix

adult squamocolumnar junction, progenitor cells
carcinogenesis
development
fetal squamocolumnar junction

BCL2
hierarchical model, for cell lineages
immunomarker profile
immunophenotyping study
keratins
molecular markers
p63
reserve cells
solid cord
spatiotemporal distribution



lower female reproductive tract
embryonic and fetal development
mesenchymal signals
Müllerian ducts
p63
squamocolumnar junction
TZ
urogenital sinus

premalignant lesions
AIS
HSIL
LSIL
morphological distinction

squamous metaplasia
TZ

V
Verrucous SCC
Virus like particles (VLPs)

W
Warty/condylomatous SCC
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