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7.1 Etiology remain at risk owing to incomplete penetrance of these pre-

More than 95% of cervical squamous cell carcinomas are
attributable to high-risk human papillomavirus (HPV) infec-
tion [1]. Occasional HPV-negative cases and cases associ-
ated with low-risk HPV do occur, but they comprise a small
minority of the overall cervical squamous cancer disease
burden [2, 3]. The high-risk HPV types 16 and 18 constitute
the most clinically significant drivers, underlying 70% of all
cervical squamous cancers; other contributors include the
known carcinogenic types 31, 33, 35, 39, 45, 51, 52, 56, 58,
and 59, as well as the likely carcinogenic types 26, 53, 66,
67,68, 70,73, and 82 [1, 4, 5].

Productive infection with high-risk subtypes leads to
expression of the viral oncogenes E6 and E7 in dividing epi-
thelial cells. This first manifests as a high-grade squamous
intraepithelial lesion (HSIL), a non-obligate precursor to squa-
mous cell carcinoma. The progression from HSIL to invasive
carcinoma requires additional genetic and epigenetic altera-
tions and may take several decades to fulminate. Somatic
alterations including the PI3K/MAPK and TGFp signaling
pathways have been implicated, as have the genes ERBB3,
CASPS, HLA-A, SHKBP1, and TGFBR?2 [6]. Contributing fac-
tors also include hypermethylation of CpG islands in tumor
suppressor gene promotors, as well as patient variables such as
immunosuppression and smoking [7, 8].

7.2  Clinical Features

Cervical squamous cell carcinoma is the fourth most com-
mon cancer in women worldwide [9]. The majority of cases
occur in low- and middle-income countries, where screening
and HPV vaccination programs are not routinely imple-
mented [9], but women in economically developed countries

ventative measures.

Symptoms may be entirely absent for early-stage tumors.
More advanced cancers can present as abnormal vaginal
bleeding, pelvic pain, and discharge, as well as symptoms
related to ureteric obstruction, vesicovaginal fistulas, and/or
rectovaginal fistulas.

7.3 Macroscopic Appearance

The gross appearance of cervical squamous cell carcinoma
ranges from subtle to overt. Early invasion may manifest
macroscopically as erythematous, erosive, or minimally
raised areas on an otherwise unremarkable cervix. Advanced
tumors may be either endophytic with surface mucosal irreg-
ularities and puckering, or exophytic with a polypoid or pap-
illary appearance. The tumors are often friable and necrotic.

7.4  Microscopic Appearance

Cervical squamous cell carcinoma arises in association with
HSIL and most often manifests as an infiltrative population of
cells arranged in irregular nests, anastomosing cords, and
solid sheets (Fig. 7.1). The constituent cells can be uniform
and low-grade to wildly anaplastic, and mitotic figures are
often abundant (Figs. 7.2 and 7.3). The background stroma
typically shows prominent desmoplasia, sometimes with a
marked lymphoid response. Necrosis is commonly encoun-
tered and is often located in the center of tumor cell nests
(Fig. 7.4). Histologic subtypes include keratinizing, non-
keratinizing, papillary, basaloid, warty-type/condylomatous,
and lymphoepithelioma-like tumors. Neither grade nor histo-
logic subtype has a significant impact on prognosis.
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Fig.7.1 Squamous cell carcinoma of the cervix: An infiltrative popu-
lation of malignant cells originating in the squamous mucosa

Fig. 7.3 Squamous cell carcinoma of the cervix: Marked anaplasia
including cells with bizarre hyperchromatic nuclei

Fig. 7.2 Squamous cell carcinoma of the cervix: Atypical but rela-
tively monotonous cells with moderate amounts of eosinophilic
cytoplasm

7.4.1 Histologic Subtypes

7.4.1.1 Keratinizing Squamous Cell Carcinoma
Keratinizing squamous cell carcinoma has a well-
differentiated, mature appearance characterized by polyg-
onal cells with moderate to abundant amounts of dense
eosinophilic cytoplasm, keratohyalin granules, and inter-
cellular bridges (Fig. 7.5). Tumor cell nuclei typically
show coarse, clumped chromatin with variable pleomor-
phism, ranging from relatively uniform to markedly atypi-

Fig. 7.4 Squamous cell carcinoma: Necrosis associated with a tumor
nest

cal. Mitotic figures, including abnormal mitoses, are
common. Necrosis and keratinization are often seen at the
center of tumor cell nests, and well-formed keratin pearls
may be present (Fig. 7.6). Invasion often assumes a “saw-
tooth” pattern with infiltrative nests, tongues, and cords.
Budding invasion characterized by single cells and minute
cell clusters can occur, as can complete replacement of the
stroma by tumor. Occasionally, a foreign body giant cell
reaction is present in association with extracellular keratin
(Fig. 7.7).



140 M. P. Crawford et al.

Fig. 7.5 Keratinizing squamous cell carcinoma: Mature-appearing Fig. 7.7 Multinucleated giant cell reaction: Extracellular keratin in
cells with abundant eosinophilic cytoplasm invading as infiltrative nests  squamous cell carcinoma can be associated with a prominent giant cell
and tongues response

7.4.1.2 Non-Keratinizing Squamous Cell
Carcinoma
Non-keratinizing squamous cell carcinoma encompasses
moderately to poorly differentiated tumors that may show
keratinization, but lack the keratin pearls and keratohyalin
granules characteristic of keratinizing squamous cell carci-
nomas (Figs. 7.8 and 7.9). Intercellular bridging can be pres-
ent but is less common than in keratinizing tumors.
Pleomorphism is often marked in these tumors.

Fig. 7.6 Keratinizing squamous cell carcinoma: Jagged nest of inva-
sion with associated keratin pearl and robust associated lymphoid
response
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Fig. 7.8 Non-keratinizing squamous cell carcinoma: Malignant cells
with scant cytoplasm and limited keratinization invading as jagged
tongues

Fig. 7.9 Non-keratinizing poorly differentiated squamous cell carci-
noma: Malignant cells with high nuclear:cytoplasmic ratios and no
appreciable keratin

7.4.1.3 Basaloid Squamous Cell Carcinoma

Basaloid squamous cell carcinomas are immature-appearing
lesions composed of cells with high nuclear-to-cytoplasmic
ratios and hyperchromatic nuclei arranged in nests and
sheets, typically with peripheral palisading (Figs. 7.10 and
7.11). Nuclear atypia is more muted than in most non-
keratinizing squamous cell carcinomas. Keratin pearls, if
present at all, should be rare (Fig. 7.12) [10]. Some basaloid
tumors infiltrate with an HSIL-like pattern that can masquer-
ade as noninvasive disease, particularly given that basaloid
tumors lack paradoxical maturation, one of the most useful
signatures of invasion.

Fig. 7.10 Basaloid squamous cell carcinoma: Irregular malignant
nests with peripheral palisading

Fig. 7.11 Basaloid squamous cell carcinoma: Higher-power image of
the case in Fig. 7.10, demonstrating peripheral palisading, high
nuclear:cytoplasmic ratios, and minimal nuclear atypia

Fig. 7.12 Basaloid squamous cell carcinoma: Focal keratinization
seen in the same case as in Figs. 7.10 and 7.11
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7.4.1.4 Papillary Squamous Cell Carcinoma

Papillary squamous cell carcinoma comprises frond-like
projections with fibrovascular cores (Fig. 7.13). The constit-
uent cells show a hyperchromatic and basaloid appearance
with frequent mitotic figures. Focal squamous maturation
may be present, and multi-layering reminiscent of papillary
urothelial tumors is typical (Fig. 7.14). Indeed, the term
“papillary squamotransitional carcinoma” was historically
applied to a subset of these cases, but that diagnosis has since
fallen out of favor. The tumors that formerly fell into that
category are now collapsed under the “papillary squamous
cell carcinoma” umbrella [11-13].

»

Fig. 7.13 Papillary squamous cell carcinoma: Frond-like projections
with fibrovascular cores

Fig. 7.14 Papillary squamous cell carcinoma: Higher-power view of
the case depicted in Fig. 7.13, demonstrating a multi-layered epithelium
reminiscent of urothelial-type differentiation

Although clear invasion may be seen at the base of the
lesion—sometimes in association with more conventional
squamous cell carcinoma (Figs. 7.15 and 7.16)—it is not
necessary to diagnose invasive carcinoma in this histologic
subtype, as the architecture is consistent with the exophytic
type of invasion. In practice, this means that a diagnosis of
papillary squamous cell carcinoma can be rendered even in a
superficial sample without visualization of the base, pro-
vided that the cytologic and architectural features fit. The
morphologic differential includes giant condyloma, and the
presence of low-risk HPV rather than high-risk HPV should
raise suspicion for that entity [2].

Fig.7.15 Papillary squamous cell carcinoma: Superficial samplings of
papillary squamous cell carcinoma do not typically demonstrate inva-
sion and may provoke a differential of extensive HSIL, but a diagnosis
of “carcinoma” can still be rendered in the context of this morphology
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Fig.7.16 Papillary squamous cell carcinoma associated with conven-
tional squamous cell carcinoma: This case (lower-power view of the
tumor depicted in Fig. 7.15) demonstrates papillary carcinoma on the
left with associated conventional squamous cell carcinoma on the right
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7.4.1.5 Warty-Type (Condylomatous) Squamous
Cell Carcinoma
Warty-type squamous cell carcinoma shows exophytic, condylo-
matous architecture with koilocytic changes in the malignant
cells, including cytoplasmic vacuolization and hyperchromatic
nuclei. These lesions can be differentiated from condylomas by
the presence of typical invasive squamous cell carcinoma mor-
phology at the infiltrative edge. Warty-type squamous cell carci-
noma is associated with multiple HPV subtypes, including both
high-risk and low-risk subtypes, although the exclusive presence
of low-risk types raises the possibility of a giant condyloma [14].
Notably, warty-type squamous cell carcinoma is not synony-
mous with “verrucous carcinoma,” a variant of invasive carci-
noma typified by blunt-edged infiltration and cytologic atypia
restricted to the basal layers of epithelium and which primarily
occurs in the vulva and the head and neck. Importantly, verrucous
carcinomas are HPV-negative. The existence of this tumor in the
cervix remains controversial, as most cases that have been catego-
rized as such are HPV-positive and are, in retrospect, better clas-
sified as either condylomas or warty-type carcinomas [15, 16].

7.4.1.6 Lymphoepithelioma-like Carcinoma
Lymphoepithelioma-like carcinoma is composed of non-
keratinizing, undifferentiated cells with large vesicular nuclei,
prominent nucleoli, and moderate amounts of eosinophilic cyto-
plasm (Fig. 7.17). A marked infiltrate of lymphocytes, plasma
cells, and eosinophils is characteristic, and the cell borders are
typically indistinct and syncytial in appearance. Although
Epstein-Barr virus drives carcinogenesis in similar-appearing
tumors elsewhere, it does not appear to be involved in the patho-
genesis of cervical lymphoepithelioma-like carcinoma; indeed,
most of these tumors are HPV-associated [17, 18].
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Fig. 7.17 Lymphoepithelioma-like squamous cell carcinoma: Non-
keratinizing, undifferentiated cells with a loosely syncytial architecture
and robust associated lymphoid infiltrate. Like other cervical squamous
cell carcinomas, these tumors are associated with high-risk human pap-
illomavirus (HPV) and show no etiologic link to Epstein-Barr virus

Diagnostic Highlights

e Tumor with multiple histologic subtypes that arises
in association with HSIL

e Keratinizing subtype shows prominent polygonal
cells with eosinophilic cytoplasm and keratohyalin
granules, often with abnormal mitoses, keratin
pearls, and saw-tooth infiltration

* Non-keratinizing subtype has marked pleomor-
phism and lack of keratin pearls and keratohyalin
granules

e Basaloid subtype demonstrates muted cytologic
atypia and lack of paradoxical maturation, making
differentiation from HSIL difficult

e Papillary subtype has frond-like projections;
requires distinction from giant condyloma by high-
risk HPV positivity

e Warty-type subtype bears exophytic, condyloma-
tous growth with conventional invasive squamous
cell carcinoma at the infiltrative edge

* Lymphoepithelial-like subtype is characterized by
undifferentiated cells and a marked inflammatory
infiltrate driven by high-risk HPV (not Epstein-Barr
virus as in other sites)

7.4.1.7 Cases

1. A 47-year-old woman with poorly differentiated squa-
mous cell carcinoma (Figs. 7.2, 7.9, and 7.27)

2. A 53-year-old woman with superficially invasive squa-
mous cell carcinoma demonstrating anaplasia and necro-
sis (Figs. 7.3,7.4, 7.8, and 7.49)

3. A 60-year-old woman with keratinizing squamous cell
carcinoma (Fig. 7.5)

4. A 5l-year-old woman with keratinizing squamous cell
carcinoma showing prominent keratinization and foreign-
body giant cell reaction (Figs. 7.6 and 7.7)

5. A 66-year-old woman with keratinizing squamous cell
carcinoma, basaloid subtype with a rare keratin pearl
(Figs. 7.11 and 7.12)

6. A 33-year-old woman with a superficial biopsy of papil-
lary squamous cell carcinoma (Figs. 7.13 and 7.14)

7. A 48-year-old woman with papillary squamous cell carci-
noma in association with conventional squamous cell car-
cinoma (Figs. 7.15 and 7.16)

8. A 49-year-old woman with lymphoepithelioma-like car-
cinoma in a LEEP conization (Fig. 7.17)

7.4.2 Cytologic Appearance

Squamous cell carcinoma of the cervix manifests on cytologic
preparations as atypical cells arranged singly and in clusters,
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admixed with variable amounts of normal and dysplastic epithe-
lium. The diagnostic cells show marked nuclear enlargement and
coarse, irregular chromatin. Nucleoli may be prominent.
Particularly helpful is the finding of so-called tadpole cells: sin-
gle cells with markedly enlarged, atypical nuclei and moderate to
abundant cytoplasm, showing an elongate, tapered cytoplasmic
tail (Fig. 7.18). Orangeophilic, dyskeratotic cells are often prom-
inent (Fig. 7.19). A component of HSIL may be notable in the
background, and indeed, it can be difficult to impossible to dis-
tinguish between a basaloid squamous cell carcinoma and exten-
sive HSIL on cytology. Classically, a prominent tumor diathesis
with acute inflammation and necrotic debris is present; however,
this may appear more muted on liquid-based preparations than
on conventional preparations (Fig. 7.20).

Fig.7.18 Cervical squamous cell carcinoma cytology: Markedly atyp-
ical cells with enlarged, hyperchromatic nuclei. One cell (a “tadpole
cell”) shows abundant cytoplasm with a tapered, streaming tail

Fig. 7.19 Cervical squamous cell carcinoma cytology: Dyskeratotic
cells with dense, orangeophilic cytoplasm and hyperchromatic nuclei
are seen. Some show high nuclear:cytoplasmic ratios more typical of
HSIL, whereas others show abundant streaming cytoplasm more typical
of carcinoma

Fig. 7.20 Tumor diathesis cytology: A background of necrotic debris
is typical of squamous cell carcinoma on cytology, but this finding may
be more muted on liquid-based preparations (such as the ThinPrep
illustrated here) than on conventional smears

Because many of the diagnostic features (streaming cells
with abundant cytoplasm, sometimes prominent nucleoli, and
decreased nuclear-to-cytoplasmic ratios relative to HSILs)
can also be seen in reactive proliferations, the differential
diagnosis may be a non-neoplastic process at first glance.
Attention to nuclear size can quickly eliminate this possibil-
ity, however, as the constituent cells typically bear a nucleus
that is at least five to ten times the size of a normal intermedi-
ate cell nucleus.

7.4.3 Grading Controversy

Squamous cell carcinoma of the cervix has historically been
graded using some iteration of Broder’s system, which
assesses keratinization, cytologic atypia, and mitotic activity
[19-21]. More recent versions also account for whether the
invasive front of the tumor is pushing or infiltrative [22, 23].
Ultimately, however, none of the existing grading systems
has proven reproducibly predictive of patient prognosis, and,
as a result, tumor grading therefore currently has no signifi-
cant clinical value for squamous cell carcinoma. It has been
suggested that increased attention to tumor budding could
improve the prognostic utility of cervical cancer grading, but
this idea has not yet been codified in recommended grading
systems [24—26]. The budding pattern of infiltration is dis-
cussed in further detail in Sect. 7.6.

7.4.4 Differential Diagnosis
‘When approaching a cervical biopsy or curettage, it is important

to keep in mind that there are many entities to consider in the
differential diagnosis of squamous cell carcinoma of the cervix.
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e First, the possibility of a noninvasive lesion must be ¢ Deeper levels are often helpful in correcting for poor ori-

considered. entation [27]. Strategies for confirming the presence of
e Tangential sectioning is a commonly encountered diffi- invasion are discussed in further detail in Sect. 7.6.
culty when evaluating for the presence of invasion. e Other diagnoses to consider include reactive squamous

e Often the invasive nests will show features of paradoxical
maturation, which is helpful but not sufficient for a diag-
nosis of invasion.

e Surrounding stromal responses including chronic inflam-
mation and desmoplasia are additional supportive fea-
tures, but HSIL also may attract a significant inflammatory

changes (see Chap. 3), stromal decidual change, placental
site nodule (see Chaps. 4 and 12), large cell and small cell
neuroendocrine carcinoma (see Chap. 10), adenocarci-
noma and adenosquamous carcinoma (see Chap. 8), mel-
anoma (see Chap. 12), and changes associated with
radiation therapy (see Chap. 3) (Table 7.1).

response even in the absence of invasion.

Table 7.1 Summary of the differential diagnosis of cervical squamous cell carcinoma

Other
Differential Positive Ancillary
Diagnosis Histologic Features Mitoses Ki-67 CK p63 plé Studies
Cervical squamous Many High + + Diffuse CK5/6, HPV-ISH
cell carcinoma
Decidual change Low N:C, abundant pink None/rare Low - - —/patchy Vimentin, desmin,
cytoplasm A1AT (cervical);
CD10, ER
(endometrial)
Placental site nodule  Irregular hyperchromatic nuclei, =~ None/rare <10% + + —/patchy Inhibin, focal
low N:C, hyalinized stroma hCG/hPL/
Mel-CAM,
HLA-G
Epithelioid Irregular hyperchromatic nuclei, ~Few 10— + + —/patchy Inhibin, focal
trophoblastic tumor  low N:C, hyalinized stroma 20% hCG/hPL/
Mel-CAM,
HLA-G
Neuroendocrine Small round blue cells, irregular ~ Many >90% + - Diffuse Chromogranin,
carcinoma hyperchromatic nuclei, scant (perinuclear synaptophysin,
cytoplasm, apoptoses dot-like CD56, panCK
pattern) (dot-like),
HPV-ISH
Adenocarcinoma High N:C, flufty cytoplasm, Many High + - Diffuse CK7, HPV-ISH
irregular chromatin and nuclear
borders
Adenosquamous Same as SCC but with admixed =~ Many High + + Diffuse CK5/6, CK7,
carcinoma malignant glands. High N:C, HPV-ISH
fluffy cytoplasm, irregular
chromatin and nuclear borders
Melanoma Variable appearance. Eccentric Variable High - - Patchy or S100, SOX-10,
nuclei, prominent cherry-red diffuse HMB45,
nucleoli, vacuolated cytoplasm Melan-A,
MART-1, MIT-E.
Radiation change Low N:C, bizarre nuclear atypia, None/rare Low + + —/patchy CK5/6

smudgy chromatin

AIAT alpha-1-antitrypsin, CK cytokeratin, ER estrogen receptor, #CG human chorionic gonadotropin, /SH in situ hybridization, N:C nuclear-to-
cytoplasmic ratio. SCC squamous cell carcinoma
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7.4.4.1 Reactive Squamous Changes

Reactive epithelial atypia is one of the most commonly
encountered findings on cervical biopsy. Acute and chronic
inflammation can cause considerable nuclear atypia, includ-
ing enlarged nuclei and prominent nucleoli. However, reac-
tive squamous cells should not have the irregular nuclear
contours, clumpy chromatin, and nuclear pleomorphism
seen in HSIL and squamous cell carcinoma. Tangential sec-
tioning can lead to a particularly worrisome appearance,
with the illusion of infiltration in such cases. Deeper levels
and ancillary studies such as p16 immunohistochemistry are
usually sufficient to distinguish between reactive atypia and
HSIL/squamous cell carcinoma. (See Sect. 7.5 below,
Ancillary Studies.)

7.4.4.2 Decidual Change

Cervical decidual change (deciduosis) is a hormone-
related change in the cervical stroma during pregnancy
that can mimic squamous neoplasia both clinically and
histologically [28, 29]. The lower uterine segment may
also show pseudodecidual change in the context of exog-
enous hormone therapy, and it is often sampled on endo-
cervical curettage. In both cases, the stromal cells become
plump, with abundant eosinophilic cytoplasm, round
nuclei, fine chromatin, and prominent nucleoli.
Importantly, however, significant cytologic atypia and
mitotic activity should be absent. Immunohistochemistry
may be helpful in addressing this differential, as both cer-
vical and endometrial deciduosis lack cytokeratin and p63
expression and show either negative or only patchy pl6
expression. Cervical deciduosis is positive for vimentin,
desmin, and alpha-1-antitrypsin, and decidualized endo-
metrium is CD10 and ER positive.

7.4.4.3 Placental Site Nodule and Epithelioid
Trophoblastic Tumor

Placental site nodules are not infrequently encountered in
endometrial and endocervical curettage specimens. They
can occur many years after a pregnancy and are typically
identified as an incidental finding associated with endo-
metrial sampling [30]. Placental site nodules are nodular
in appearance and are composed of large, atypical mono-
nuclear trophoblastic cells embedded within a hyalinized
stroma, often with a densely hyalinized, acellular center
(Figs. 7.21 and 7.22). Mitotic figures are usually not
identified.

Fig. 7.21 Placental site nodule: Arising in close association with the
endometrium, placental site nodules have a densely hyalinized center
appreciable from low power
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Fig. 7.22 Placental site nodule: The constituent cells are atypical but lack mitotic activity (a). p63 is strongly positive (b), provoking possible

confusion with squamous cell carcinoma
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The malignant counterpart of a placental site nodule is
the epithelioid trophoblastic tumor. This type of gesta-
tional trophoblastic disease can deeply invade the myo-
metrium and cervical stroma. Cases may occur after a
long latent period after gestation, and approximately half
of cases present in the lower uterine segment or cervix
[30, 31]. In a small sampling, epithelioid trophoblastic
tumor has many morphologic similarities with placental
site nodule: both are composed of chorionic-type interme-
diate trophoblastic cells with irregular, hyperchromatic
nuclei and abundant eosinophilic cytoplasm, with a back-
ground of hyalinized stroma. Epithelioid trophoblastic
tumors, however, often bear large areas of geographic
necrosis, which may or may not be sampled in a curettage
specimen (Figs. 7.23 and 7.24). Taken in concert with the
nested growth pattern, distinct cell borders, and abundant
eosinophilic cytoplasm, this necrosis can closely mimic
squamous malignancy [32]. In addition, the lesional cells
can colonize the cervical squamous epithelium, masquer-
ading as HSIL [33]. Thus, the apparent presence of an
associated intraepithelial lesion does not exclude the pos-
sibility of an epithelioid trophoblastic tumor.

Confusion with squamous cell carcinoma is amplified by
the fact that both epithelioid trophoblastic tumors and pla-
cental site nodules are strongly positive for p63 and cyto-
keratins (see Fig. 7.22). In contrast to squamous cell
carcinoma, however, they can also express inhibin with focal
hPL and beta-hCG. The most discerning marker for this dif-
ferential, however, is p16, which is negative or shows only
patchy expression in both trophoblastic proliferations,
whereas diffuse, strong positivity is typical of cervical squa-
mous cell carcinoma [34].

7.4.4.4 Neuroendocrine Carcinoma

Neuroendocrine carcinoma can also mimic squamous cell
carcinoma of the cervix, particularly those with basaloid fea-
tures. Both small cell neuroendocrine carcinoma and large
cell neuroendocrine carcinoma of the cervix have a strong
association with high-risk HPV, with a predominance of HPV
type 18 particularly in small cell neuroendocrine carcinoma
[35]. Small cell neuroendocrine carcinomas display sheet-
like proliferations of cells with monotonous, medium-sized
hyperchromatic nuclei with stippled chromatin, nuclear
molding, inconspicuous nucleoli, and scant cytoplasm
(Fig. 7.25). Apoptotic bodies and mitotic figures are abun-
dant. Large-cell neuroendocrine carcinoma has larger nuclei,
prominent nucleoli, and more abundant cytoplasm.

Fig. 7.24 Epithelioid trophoblastic tumor: Necrosis is highlighted in
this higher-power view of the same case depicted in Fig. 7.23. This
tumor was metastatic to the liver

Fig. 7.23 Epithelioid trophoblastic tumor: The cytomorphology and
associated hyalinization is reminiscent of placental site nodule, but
prominent necrosis is also present

Fig. 7.25 Small cell neuroendocrine carcinoma: Sheet-like prolifera-
tion of cells with monotonous ovoid nuclei and minimal associated
cytoplasm. At low-power, this tumor invokes a differential of basaloid
and poorly differentiated non-keratinizing squamous cell carcinoma
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Although these tumors are morphologically distinct from
keratinizing squamous cell carcinoma, they show overlap-
ping features with basaloid and poorly differentiated non-
keratinizing squamous cell carcinomas. A panel that includes
neuroendocrine markers (such as synaptophysin, chromo-
granin, and CD56), as well as markers for squamous differ-
entiation (such as p63 and CK5/6), can be useful in this
setting (Figs. 7.26 and 7.27) Note that neuroendocrine
tumors are expected to show both strong p16 expression and
high-risk HPV positivity, so these studies have no value in
resolving this differential. It is important to distinguish neu-
roendocrine carcinoma from squamous cell carcinoma
because the prognosis appears to be considerably worse for
neuroendocrine tumors, and treatment approaches—though
not well codified for neuroendocrine carcinomas in the cer-
vix—may vary [36].

7.4.4.5 Adenocarcinoma/Adenosquamous
Carcinoma, Including Glassy Cell
Carcinoma

Though less commonly encountered than squamous cell
carcinoma, adenocarcinoma and adenosquamous carci-
noma of the cervix also enter into the differential. Both
entities are associated with high-risk HPV, most notably
type 16 and (to a greater extent than in squamous cancer)
type 18 [37, 38]. Adenocarcinoma can be particularly chal-
lenging to recognize when well-formed glands are absent
and the tumor instead assumes confluent, sheet-like archi-
tecture (Fig. 7.28). The absence of intercellular bridges and
keratinization are helpful clues suggestive of adenocarci-
noma, but these features are not always evident in basaloid
or poorly differentiated squamous cell carcinoma either.
Immunohistochemistry for CK5/6 and p63 can help clarify
the diagnosis, as these markers should be strongly positive
in squamous cancer but absent in adenocarcinoma. CK7
also may be of use because, though it is often positive in
squamous cancer, it typically shows more diffuse and
strong staining in adenocarcinoma [39].

Adenosquamous carcinoma of the cervix is character-
ized by well-defined squamous and glandular elements
(Fig. 7.29). Thorough sampling is necessary to ensure
adequate representation of both components of this tumor.
Glassy cell carcinoma has been considered to be a poorly
differentiated variant of adenosquamous carcinoma and
has been associated with HPV 18 infection [30, 40]. More
recent work has demonstrated that this entity is rather a
poorly differentiated type of invasive adenocarcinoma.
Morphologically, glassy cell carcinoma has abundant
eosinophilic cytoplasm with a “ground glass” appearance,
distinct cell borders, large round nuclei, and prominent
nucleoli.

Fig. 7.26 Small cell neuroendocrine carcinoma: A higher-power view
of the same case depicted in Fig. 7.25 reveals stippled chromatin and
nuclear molding typical of small cell carcinoma (a). The diagnosis is
further supported by strong diffuse CD56 immunostaining (b). Like
squamous cell carcinomas, these tumors are predominantly driven by
high-risk HPV, illustrated here as punctate staining for high-risk HPV
E6/E7 mRNA on in situ hybridization (c)
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Fig. 7.27 Non-keratinizing squamous cell carcinoma with small cell-
like features: This squamous cell carcinoma closely mimics small cell
carcinoma with its enlarged nuclei, scant cytoplasm, chromatin stip-
pling, and suggestion of nuclear molding. Performing neuroendocrine
and squamous markers is prudent in such cases to ensure proper
classification

7.4.4.6 Melanoma

Malignant melanoma can be primary or metastatic to the
cervix and should always be considered in the differential of
a poorly differentiated malignancy of the cervix.
Immunohistochemistry for cytokeratins, p63, and melano-
cytic markers including HMB-45, Melan-A, S100, and
SOX-10 should be sufficient to identify melanoma. p16 has
been reported to have a variety of expression patterns in
melanoma [41], so it is not a useful marker to distinguish
melanoma from squamous cell carcinoma, nor does it imply
HPV association.

7.4.4.7 Other Carcinomas

Poorly differentiated carcinomas from other locations,
including the endometrium, the ovary, and the bladder, can
sometimes mimic squamous cell carcinoma of the cervix. In
this setting, lineage-specific markers and direct HPV testing
are prudent, as p16 can be positive in a host of cancers out-
side the cervix that are not associated with HPV [42—-44]. For
more detail on ancillary studies, see Sect. 7.5.

Fig. 7.28 Adenocarcinoma: Focal gland formation helps secure the
diagnosis of adenocarcinoma in this case, but the solid-appearing areas
on the left-hand side of the image illustrate how it can sometimes be
difficult to differentiate between adenocarcinoma and squamous cell
carcinoma

Fig.7.29 Adenosquamous carcinoma: This diagnosis requires the jux-
taposition of obvious and distinct squamous cell carcinoma (upper left)
and adenocarcinoma (lower right) elements

7.4.4.8 Radiation Changes
Pelvic radiation therapy can result in marked cytologic atypia
of ectocervical and endocervical mucosa and the underlying
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stroma, which may provoke consideration for recurrent or
residual squamous cell carcinoma (Figs. 7.30, 7.31, 7.32).
Clues to a diagnosis of benign radiation-associated change
include the constellation of bizarre cytologic atypia with
smudgy, degenerative-appearing chromatin, enlarged nuclei
but low nuclear-to-cytoplasmic ratios, and no appreciable
mitotic activity.

Direct testing for high-risk HPV can be useful for distin-
guishing treatment effect from recurrent squamous cell car-
cinoma. Additionally, cytokeratin staining may be useful
when assessing for the differential of radiation-associated
stromal atypia versus squamous cell carcinoma; however, it
must be interpreted with care, as reactive fibroblasts can
show non-specific keratin staining. Caution should also be
used when applying pl6 in this context, as radiation-
associated benign atypia can be strongly pl6-positive [45].
Of note, if a new radiation-induced cervical or vaginal cuff
squamous cell carcinoma is suspected, pl6 and high-risk
HPV will not be able to distinguish a non—-HPV-driven squa-
mous cell carcinoma from radiation change.

Fig.7.31 Radiation atypia in endocervical glands: Benign endocervi-
cal glands can show prominent radiation-associated change, with
increased eosinophilic cytoplasm that suggests squamous differentia-
tion. Importantly, these cells may be p16-positive, so that stain should
be used and interpreted with extreme caution in the context of prior
radiotherapy

Fig. 7.30 Radiation atypia: Radiation treatment results in cytologic
atypia that can mimic squamous cell carcinoma. Here the surface epi-
thelium and underlying stroma demonstrate nuclear hyperchromasia
and enlargement that provoke a malignant differential. Importantly,
nuclear enlargement is accompanied by increased cytoplasm, and the
quality of the chromatin is smudgy and degenerative rather than coarse

Fig. 7.32 Radiation atypia in stromal cells: Stromal cells classically
show hyperchromasia and enlargement following radiotherapy. Here
they are associated with necroinflammation, which further suggests a
possible malignant diagnosis. Cytokeratin staining may be reassuring in
this context, although care must be taken not to mistake non-specific
fibroblast staining for epithelial differentiation
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Diagnostic Highlights

e Many benign and malignant entities can mimic
squamous cell carcinoma of the cervix, including
reactive squamous atypia, radiation atypia, decidual
change, trophoblastic proliferations, cervical ade-
nocarcinomas and neuroendocrine carcinomas, and
malignancies arising from other organs. Placental
site nodule and epithelioid trophoblastic tumor have
a squamoid appearance and express p63. Always
perform p16 immunohistochemistry when trying to
exclude these mimickers.

e Radiation-associated benign
pl6-positive.

atypia can be

7.4.4.9 Cases

1. A 36-year-old woman with a placental site nodule
(Figs. 7.21 and 7.22)

2. A 35-year-old woman with an epithelioid trophoblastic
tumor (Figs. 7.23 and 7.24)

3. A 54-year-old woman with small cell neuroendocrine
carcinoma (Figs. 7.25 and 7.26)

4. A 50-year-old woman with adenosquamous carcinoma
(Fig. 7.28)

5. A 52-year-old woman with adenosquamous carcinoma
(Figs. 7.29)

6. A 36-year-old woman with history of squamous cell car-
cinoma who received radiation therapy (Figs. 7.30, 7.31,
7.32)

7.5 Ancillary Studies

Although cervical squamous cell carcinoma is usually a
morphologic diagnosis, ancillary studies can be valuable for
excluding entities on the differential in challenging cases.

7.5.1 p16

Immunohistochemistry for pl6 is the most commonly uti-
lized ancillary test for the detection of high-risk HPV-related
lesions in the gynecologic tract. The tumor suppressor pl6
functions as a cyclin-dependent kinase inhibitor and plays an
important role in cell cycle regulation. The HPV viral oncop-
rotein E7 targets the retinoblastoma (Rb) tumor suppressor
protein for degradation and upregulates p16, leading to dys-
regulation of the cell cycle. This virally induced upregulation
of pl6 can be reliably detected via immunohistochemistry
[46]. Use of pl6 immunohistochemistry has been shown to
increase interobserver agreement among pathologists making
diagnoses of squamous intraepithelial neoplasia, and strong,
diffuse (>70%) nuclear +/— cytoplasmic expression can be
used to confirm an HPV-driven malignancy in the setting of
invasive cervical squamous cancer (Fig. 7.33) [47, 48].

It is important to exercise caution, however, when interpret-
ing this marker if the differential includes high-grade malig-
nancies from other sites of origin—including the endometrium,
ovary, and bladder—as these tumors may show high levels of
p16 expression unrelated to HPV [42-44]. For instance, p16 is
commonly overexpressed in endometrial serous carcinomas
that are unaffiliated with HPV [44]. Furthermore, other histo-
types of HPV-driven cervical cancer—including adenocarcino-
mas and small cell carcinomas—show strong, diffuse pl6
staining. Thus, p16 has high sensitivity for squamous cell car-
cinoma only in the correct anatomic and morphologic context.

p16 also has minor sensitivity shortcomings in the diagno-
sis of cervical squamous cancer because of its failure to high-

Fig.7.33 pl6 in cervical squamous carcinoma: The vast majority of cervical squamous carcinomas—including the one depicted here (a)—will
be strongly and diffusely positive for p16 (b), which serves as a reliable surrogate for HPV infection in this morphologic and anatomic context
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light a small subset of cases. Although more than 95% of
cervical squamous cell carcinomas are attributable to high-risk
HPYV infection, the rare HPV-negative cases show only patchy
p16 expression rather than the diffuse staining characteristic of
HPV-associated tumors [49, 50]. Additionally, squamous cell
carcinoma associated with high-risk HPV occasionally will
lose pl16 expression entirely; this represents another setting
where direct HPV testing may be useful (Fig. 7.34).

7.5.2 HPV DNA and RNA In Situ Hybridization

Direct detection of HPV sometimes may be important for
diagnosing cervical squamous cell carcinoma, owing to the
previously mentioned shortcomings of pl6 immunohisto-
chemistry in some contexts. HPV DNA in situ hybridization
was the initial assay developed for direct HPV testing on
formalin-fixed, paraffin-embedded tissue samples, but this
assay is no longer clinically utilized. Testing for high-risk
HPV E6/E7 RNA by in situ hybridization has since sup-
planted this test because of its high sensitivity and specificity
for transcriptionally active HPV [51, 52].

Using high-risk HPV polymerase chain reaction (PCR) as
the gold standard, high-risk HPV mRNA E6/E7 in situ
hybridization has a 98% sensitivity for the detection of high-
risk HPV-related neoplasia [51]. A positive signal appears as
punctate staining centered in the cytoplasm and, to a lesser
extent, overlying the nuclei. Occasionally, evaluation of mul-
tiple fields with high-power magnification is required for
identification of sparse staining, but this is rarely necessary;
invasive cancers typically show a high viral burden readily
appreciable from medium power, although it may not always
be obvious at low power (Fig. 7.35) [51].

High-risk HPV E6/E7 mRNA in situ hybridization may
be particularly valuable in cases that are clearly squamous
but are pl6-negative or equivocal, as well as in high-grade
cancers where the differential includes alternative histotypes
and sites of origin for which strong p16 staining does not
necessarily suggest HPV infection.

Diagnostic Highlights

* pl6 is a strong surrogate marker for high-risk HPV
infection in the cervix, but it has minor sensitivity
and specificity issues.

e HPV E6/E7 RNA in situ hybridization is a highly
sensitive and specific marker for transcriptionally
active HPV and may be useful when p16 immuno-
histochemistry results are confounding or if the dif-
ferential includes non-cervical sites of origin.

* Strong, diffuse pl6 expression is not necessarily
evidence for squamous cancer associated with high-
risk HPV if the differential diagnosis includes
malignancies from other anatomic sites and/or other
HPV-associated tumor types.
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Fig. 7.34 pl6-negative HPV-associated squamous cell carcinoma: In
this rare case of squamous cell carcinoma (a), p16 expression has been
lost (b). The presence of high-risk HPV E6/E7 mRNA by in situ hybrid-
ization shows that it is clearly HPV-associated (c)
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Fig. 7.35 HPV RNA in situ hybridization: This squamous cell carci-
noma (a) shows punctate staining for high-risk HPV E6/E7 RNA (b).
The positive signals appear both in the cytoplasm and overlying the
nuclei. Note that expression is less obvious than in the case depicted in

7.5.3 Cases

1. A 41-year-old woman with p16-negative, HPV-associated
squamous cell carcinoma (Fig. 7.34)

2. A 28-year-old woman with endocervical involvement by
HSIL (Fig. 7.37).

7.6  Assessing Depth of Invasion

7.6.1 Challenges with Assessing Depth
of Invasion

The accurate identification of stromal invasion is critical for the
proper diagnosis, staging, and management of cervical squa-
mous neoplasia. This can be particularly challenging for cases
with only focal and limited infiltration beyond the basement
membrane. First, tangential sectioning or endocervical extension
of HSIL must be excluded. It is important to note that numerous
bulky, deep nests of neoplastic squamous epithelium can occur
in the setting of extensive endocervical gland extension by HSIL
(Figs. 7.36 and 7.37). In such cases, the immature appearance,
rounded contours of the lesional nests, absence of a prominent
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Fig. 7.34, emphasizing the fact that evaluation may require medium-
power or even high-power assessment to avoid missing focal positive
signals

desmoplastic stromal response, and distribution aligned with
normal endocervical glands help exclude invasion.

When compared with the cells in overlying intraepithe-
lial lesions, invasive cells often demonstrate more vesicu-
lar chromatin, more pleomorphic nuclei, and nucleoli that
are more prominent. One of the most useful clues to the
presence of invasion is paradoxical maturation, which is
typified by the accumulation of eosinophilic cytoplasm
(Figs. 7.38 and 7.39). This richly eosinophilic appearance
contrasts with the basaloid hue of background intraepithe-
lial lesions and is often the best low-power clue that the
lesion has progressed to invasive carcinoma. Notably,
however, the basaloid subtype of invasive carcinoma will
lack this feature and therefore may be more challenging to
distinguish from overlying HSIL (Fig. 7.40).

A stromal reaction also can be helpful, as invasion is
typically associated with a desmoplastic stromal response
and/or a robust lymphoid reaction (Figs. 7.41 and 7.42). It
is important to note, however, that intraepithelial lesions
also may show a prominent underlying lymphoid response,
and its presence does not dictate the diagnosis of
invasion.
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Fig.7.36 High-grade squamous intraepithelial lesion (HSIL): HSIL may  Fig. 7.37 High-grade squamous intraepithelial lesion (HSIL): This
show bulky extension into endocervical glands, mimicking invasive squa-  higher-power view of the case depicted in Fig. 7.36 shows an area with
mous cell carcinoma. Careful assessment for associated desmoplasia, early extension of HSIL into an endocervical gland

paradoxical maturation, and extension beyond the normal endocervical

gland distribution is required to exclude invasion in such cases

Fig.7.38 Paradoxical maturation: The abrupt accumulation of eosinophilic ~ contrasts with the more basaloid adjacent high-grade squamous intraepithe-
cytoplasm is useful for identifying focal invasion associated with overlying  lial neoplasia (b, higher power). Note that prominent desmoplasia is also
intraepithelial neoplasia. This case (a) shows a nest of invasion that sharply ~ seen in association with the invasive area but is absent next to the HSIL



7 Epithelial Malignant Tumors of the Cervix: Squamous Carcinoma

155

Fig. 7.39 Paradoxical maturation: Another example of paradoxical

maturation with an invasive tongue of tumor emerging from a nest of

high-grade squamous intraepithelial neoplasia

Fig. 7.40 Challenging invasion pattern: Confirming invasion may be
more challenging in non-keratinizing and basaloid tumors, which lack
paradoxical maturation and may not always provoke a prominent des-
moplastic reaction. In such cases, the bulky distribution of tumor on a
well-oriented section and the extension well beyond pre-existing endo-
cervical glands confirms the presence of invasion

7.6.2 Patterns of Invasion

An awareness of different patterns of infiltration is also
important when assessing the depth of invasion. The irregu-
larly shaped invasive nests (jagged invasion) typical of many

Fig. 7.41 Desmoplasia: A desmoplastic stromal reaction is a helpful
indicator of invasion whenever it appears

Fig. 7.42 Lymphoid infiltration: A robust associated lymphoid reac-
tion can help secure the diagnosis of invasive squamous cell carcinoma
when the epithelial component has an appropriately infiltrative pattern,
but intraepithelial lesions also may have a dense inflammatory response

keratinizing squamous cell carcinomas are readily recog-
nized as malignant owing to an overtly infiltrative appear-
ance and prominent associated desmoplasia (Fig. 7.43). A
spray-like pattern of invasion, characterized by tiny nests of
hypermature squamous cells, is also easily classified as
malignant (Fig. 7.44). Tongue-like invasion is also straight-
forward to diagnose: it consists of irregular protrusions of
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Fig. 7.43 Jagged invasion: Invasion is readily identified in cases that
show a jagged infiltration pattern like the one depicted here

Fig. 7.44 “Spray pattern” of Invasion: Small, irregular clusters of
tumor cells embedded in desmoplasia are typical of this pattern and
represent one form of tumor budding

Fig. 7.45 Tongue-like invasion: Smooth tongues of tumor, another
common pattern of invasion, are typically associated with a desmoplas-
tic response. This case also shows a prominent lymphoid reaction

paradoxically mature cells, typically in association with a
stromal reaction (Fig. 7.45).

Invasion is more challenging to diagnose when it mani-
fests as confluent infiltration by a pushing border or more
rounded nests of invasive tumor. This pattern of invasion can
be difficult to differentiate from overlying intraepithelial
lesions, particularly if the carcinoma has a basaloid or non-
keratinizing morphology (Fig. 7.46). In such cases, paradox-
ical maturation is typically lacking, but a stromal reaction
around the infiltrative nests and distribution beyond the
expected pattern of endocervical glands help to secure the
diagnosis of invasive malignancy.
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Fig. 7.46 Pushing invasion: This pattern can be challenging to differ-
entiate from overlying HSIL, particularly when the tumor has basaloid
morphology like the cancer illustrated here (a and b). The rind of reac-

Fig. 7.47 Spray pattern of tumor budding: This higher-power view of
the case pictured in Fig. 7.44 illustrates the minute nests of cells char-
acteristic of this invasive pattern, which qualify as tumor budding and
have been associated with worsened prognosis in some studies

The prognostic significance of these invasive patterns is
not entirely clear. Some evidence suggests that certain pat-
terns may be associated with worse outcome. Extrapolation
from other organs indicates that the presence of tumor buds
(including those seen in spray-like invasion) may have clin-
ical significance; indeed, emerging data have suggested
that high-level budding imparts a worsened prognosis in
cervical squamous cell carcinoma [24-26, 53] (Figs. 7.47
and 7.48).

tive stroma is useful for confirming the presence of invasion, as is the
extensive distribution of the neoplastic nests

Fig. 7.48 Single-cell pattern of tumor budding: Tumor budding also
may manifest as single cells “dripping” off a larger nest

7.6.3 Depth of Invasion and Staging

Depth of invasion should be measured from the base of the
epithelium to the point of maximum infiltration (Fig. 7.49).
The non-invasive epithelium used to determine the baseline
epithelial-stromal junction may be non-neoplastic or involved
by intraepithelial neoplasia. There is an important caveat: if
tumor arises from an endocervical gland populated by HSIL,
the measurement should begin at the bottom of the involved
gland, rather than at the epithelial-stromal junction.
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Fig. 7.49 Measuring depth of invasion: Depth of invasion should be
measured from the baseline junction between the epithelium and the
stroma to the point of deepest infiltration

Appropriately measuring invasion is critical for correct
tumor staging, particularly for cases at the threshold of FIGO
IA1 versus TA2, the point beyond which conservative
management (such as complete conization) is no longer
advisable. Stage IA1 is restricted to tumors with <3 mm of
invasion. (Historically, horizontal extent <7 mm was also
required, but it is not applicable in the most up-to-date FIGO
system.) Historically, various terms have been enlisted for
such cases, including “microinvasive carcinoma” and “early
stromal invasion.” The Lower Anogenital Squamous
Terminology (LAST) Project, a working group that incorpo-
rated data derived from nearly 200 papers identified among
1863 candidate studies, recommends exclusive use of the
term ‘“‘superficially invasive squamous cell carcinoma” to
avoid confusion, although the term “microinvasive” is still
used with some frequency, particularly in the gynecologic
oncology literature [48]. Nonetheless, many pathologists
still avoid this terminology since measurement of depth of
invasion takes precedence over descriptive terminology.
Ascertaining the exact depth of invasion is also important for
cases at the threshold of FIGO IA2 versus 1B, as cases with
>5 mm of invasion are classified as FIGO 1B, with further
subdivision based on the overall tumor dimension. Staging is
discussed in further detail in Sect. 7.12.

7.6.4 Cervical Stromal Involvement by Thirds

Although none of the staging systems in current use assess
depth of invasion as a function of overall cervical stromal
thickness, many gynecologic oncology studies have found
that involvement of the middle and/or outer third of the cer-

vical stroma in hysterectomy specimens represents an
adverse prognostic factor that may prompt escalated radia-
tion therapy [54-57]. Thus, although this factor is not
included in the current cervical carcinoma template of the
College of American Pathologists (CAP), it is advisable to
comment on whether the inner, middle, or outer third of the
cervical stroma is involved when reporting cervical squa-
mous cell carcinoma in a hysterectomy specimen.

Diagnostic Highlights

* Depth of invasion assessment is challenging due to
tangential sectioning, involvement of endocervical
glands by HSIL, and difficult patterns

* Involvement of endocervical glands by HSIL shows
rounded contours, lack of prominent desmoplasia,
and normal endocervical distribution

e Basaloid carcinomas often lack paradoxical matu-
ration, increasing reliance on stromal reaction and
distribution beyond normal endocervical glands

e Depth of invasion measured from epithelial junc-
tion except when invading from an endocervical
gland populated by HSIL

7.6.5 Cases

1. A 32-year-old woman with bulky HSIL mimicking inva-
sive squamous cell carcinoma (Fig. 7.36)

2. A 28-year-old woman with endocervical involvement by
HSIL (Fig. 7.37)

3. A 35-year-old woman with squamous cell carcinoma
demonstrating paradoxical maturation (Fig. 7.38)

4. A 35-year-old woman with squamous cell carcinoma
demonstrating paradoxical maturation (Fig. 7.39)

5. A 38-year-old woman with basaloid squamous cell car-
cinoma with a challenging pattern of invasion (Fig. 7.40)

6. A 47-year-old woman with squamous cell carcinoma
showing a strong desmoplastic response (Fig. 7.41)

7. A 52-year-old woman with squamous cell carcinoma
with a strong lymphoid response (Fig. 7.42)

8. A 63-year-old woman with squamous cell carcinoma
showing a jagged pattern of invasion (Fig. 7.43)

9. A 55-year-old woman with squamous cell carcinoma
demonstrating a spray pattern of invasion with a desmo-
plastic response (Fig. 7.44)

10. A 41-year-old woman with squamous cell carcinoma
with a tongue-like pattern of invasion (Fig. 7.45)

11. A 39-year-old woman with squamous cell carcinoma
with a basaloid morphology and a pushing pattern of
invasion (Fig. 7.46)
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7.7  Measuring Tumor

7.7.1 Horizontal/Lateral Extent

The tumor staging systems encoded in the AJCC eighth
edition [53] and the FIGO 2009 recommendations include
a measurement of horizontal/lateral extent (i.e. width),
with FIGO IAIl classification requiring a measurement
<7 mm. If invasive tumor is present on a single slide, the
horizontal extent is measured on that slide. If, instead,
tumor is identified on consecutive slides, width is deter-
mined by comparing the measurement on a single slide to
the measurement derived from adding up all involved con-
secutive sections (section thickness about 3 mm) and
reporting the larger number. This method of tumor mea-
surement is controversial, however, since adding horizon-
tal extent 2-dimensionally on an “opened” specimen can
overestimate tumor size of a 3-dimensional tumor. Invasive
tumor on non-consecutive sections should be reported as
individual foci. Importantly, horizontal extent is no longer
a component of the FIGO 2018 system, and subsequent
updates to the AJCC may exclude this measurement. It
remains a point of controversy.

7.7.2 Tumor Diameter

Tumor diameter accounts for the maximum tumor dimension
in any direction and is important for staging IB tumors.
Historically, the important dividing line between IB1 and
IB2 cases was at a threshold of <4 cm or >4 cm. The FIGO
2018 system has further subdivided IB to include a 2-cm cut-
point, as tumors beneath this threshold appear to have lower
rates of lymph node involvement and demonstrate improved
overall outcome [58-61].

7.7.3 Multifocal Invasion

The LAST recommendations include multifocal invasive
disease in the definition of stage TIA1 (FIGO IA1) superfi-
cially invasive squamous cell carcinoma. Multifocal invasion
is defined as multiple invasive foci separated by a tissue
block with no evidence of invasion in the intervening
block(s), as invasive foci in the same block that are greater
than 2 mm apart, or as invasive foci on different cervical lips
(such as the anterior and posterior cervix) [53]. Reporting of
multifocal, superficially invasive squamous cell carcinoma
should include the number of foci, with overall stage based
on the largest invasive focus [62].

Although there is no standard agreed-upon minimum
intervening distance between multifocal invasive carci-
noma, several authors arbitrarily have suggested 2 mm [62,

63]. A recent study that used the 2 mm interval distance
found that 25% of FIGO 2009 stage IA1 invasive squamous
cell carcinomas are multifocal [63]. In this study, patients
with stage IA1 multifocal superficially invasive SCC had
excellent prognosis, similar to that of patients with unifocal
IA1 disease. This is important because these women are
often young, and fertility-sparing local excision, rather than
hysterectomy, can be performed with excellent outcomes. If
the arbitrary 2 mm interval were to be increased and the
separate foci measured as a continuous focus, many patients
would have been upstaged to FIGO 2009 IB, resulting in a
more radical procedure (trachelectomy or hysterectomy).
The authors also emphasize the importance of obtaining lev-
els when an invasive focus is identified in order to more
accurately measure the size of the tumor; intervening levels
may reveal continuous disease rather than separate foci,
resulting in (appropriately) increased stage [63]. Again, this
is perhaps less of a pressing issue for staging in the updated
FIGO system.

7.8 Lymphovascular Invasion

Lymphovascular invasion is defined by single or individual
groups of tumor cells in endothelium-lined spaces
(Fig. 7.50). The presence of an appreciable endothelial lin-
ing is critical for confirming this finding, and cleft-like
spaces without such a lining should be considered process-
ing artifact rather than true lymphovascular invasion [64].
Assessment for lymphovascular invasion is best performed
away from the invasive front of the tumor to avoid over-
calling such artifacts (Fig. 7.51). CD31 and D2-40 immu-
nohistochemistry can be useful ancillary tests for

Fig. 7.50 Lymphovascular invasion: This involved lymphatic vessel
shows a well-defined endothelium with tumor conforming to the vessel
wall. The presence of an adjacent vascular channel is a helpful feature
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Fig. 7.51 Lymphovascular invasion: It is advisable to search for lym-
phovascular invasion away from the infiltrating front of the tumor,
where retraction artifact may mimic lymphovascular involvement.
These two involved vessels (arrows) are located distant from the rest of
the invasive tumor (not pictured)

confirming venous and lymphatic invasion, respectively.
There have been some attempts to differentiate between
venous and lymphatic invasion, but the clinical signifi-
cance of this distinction is thus far unclear [65].

The prognostic significance of lymphovascular invasion
has not been robustly proven in squamous cervical carci-
noma, and most studies have failed to show that it represents
an independent risk factor for worsened outcome [66]; how-
ever, the presence of lymphovascular invasion has been
shown to increase risk of nodal involvement [67]. Notably,
the presence of lymphovascular invasion does not influence
FIGO staging for superficially invasive cases, and, based on
both the eighth edition of the AJCC Cancer Staging Manual
[53] and the updated FIGO staging guidelines [68, 69], lym-
phovascular invasion may be identified in superficially inva-
sive squamous cell carcinoma tumors without altering their
IA1 stage. Furthermore, though some evidence has sug-
gested that extensive lymphovascular invasion is associated
with higher rates of nodal involvement in stage IB1 disease,
this finding still does not directly impact staging [70].

That said, commentary on the presence or absence of lym-
phovascular invasion remains a critical component of patho-
logic assessment, as it may affect treatment approaches. Pelvic
lymphadenectomy and modified radical hysterectomy warrant
consideration in the context of lymphovascular involvement,
even when invasion is limited and superficial [71, 72].

7.8.1 Cases

1. A 70-year-old woman with squamous cell carcinoma
demonstrating lymphovascular invasion (Fig. 7.50)

2. A 5l-year-old woman with squamous cell carcinoma
demonstrating lymphovascular invasion (Fig. 7.51)

7.9  Perineural Invasion

Perineural invasion is defined by malignant cells immedi-
ately involving the perineural space of nerves; direct infil-
tration of the nerve itself is not necessary. This feature is of
unclear prognostic significance in the cervix. Several stud-
ies have shown a decrease in recurrence-free and overall
survival in the presence of this finding, but others have not
[73-75]. Thus, while it is advisable to comment on the
presence or absence of perineural invasion in pathology
reports, it does not directly impact staging or
management.

7.10 Extra-Cervical Involvement
7.10.1 Parametrial Involvement

Invasion into the parametrium is an important staging criterion
for cervical squamous cell carcinomas; its involvement brings
the FIGO stage to at least IIB [68]. The determination of involve-
ment can be difficult, as the transition from endocervical tissue
to parametrium is not well demarcated. Many consider invasion
beyond the compact cervical stroma into the zone containing
large caliber vessels or fat to be sufficient for classification as
early invasion of the parametrium. Adequate sampling of the
parametrial tissue remains necessary to ensure proper stag-
ing and margin status.

7.10.2 Involvement of Uterine Corpus
and Adnexa

Involvement of the uterine corpus is disregarded in the cur-
rent FIGO staging system, having no impact on stage; how-
ever, such involvement increases the risk of para-aortic
lymph node and ovarian metastases [74]. Thus, there may be
some clinical utility in including this information in the
pathology report.

The 2018 update to the FIGO staging system specifically notes
that ovarian involvement by squamous cell carcinoma is quite rare
in early-stage cervical cancer (<1%), and the limited prognostic
data on ovarian involvement preclude its inclusion in the staging
criteria [68]. At least one study suggests that ovarian metastasis is
a poor prognostic indicator, independent of histology, FIGO stage,
or lymph node involvement [76], although others have not. The
lack of inclusion of this and other adnexal involvement in cervical
carcinoma staging remains controversial.
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7.11  Lymph Node Involvement

Regional lymph nodes include pelvic nodes (parametrial,
obturator, internal iliac [hypogastric], external iliac, com-
mon iliac, sacral, presacral) and para-aortic nodes. Pelvic
lymphadenectomy is currently the surgical standard-of-care
for cervical squamous cell carcinoma management, but
recent studies have evaluated the potential of sentinel lymph
node evaluation to reduce the morbidity of lymphadenec-
tomy. In patients with early-stage cervical cancer, lymph
node status is the most important prognostic factor [77].
Current guidelines recommend ultrastaging for sentinel
lymph nodes to improve detection of metastases [53, 78].
There is no universal protocol for lymph node ultrastaging;
individual institutions should have standard procedures for
gross and microscopic evaluation of sentinel lymph nodes.
For example, sentinel lymph nodes should be serially sec-
tioned and submitted entirely for histologic evaluation. If no
metastases are identified on H&E, levels and a cytokeratin-
cocktail immunohistochemical stain should be performed on
one or more sections [53, 78].

Minimal data are available to assign risk for non-sen-
tinel lymph node metastasis based on the size of the
metastasis in the sentinel lymph node; indeed, the current
guidelines come from the breast carcinoma sizing of
tumor deposits [53]. Micrometastases or macrometastatic
involvement of any regional lymph nodes results in a
TNM stage N1. The 2018 FIGO stage for pelvic lymph
node involvement is IIIC1, and, for para-aortic involve-
ment, it is I[IIC2. Metastasis to lymph nodes outside of
the regional nodal group is classified as distant metasta-
sis (FIGO stage IVB) [53]. Micrometastases are defined
as groups of tumor cells measuring >0.2 mm but not
exceeding 2.0 mm. Any individual cluster of tumor cells
exceeding 2.0 mm should be categorized as a macrome-
tastasis. Separate micrometastatic foci—involving one or
more nodes—should not be added together to determine
the size of the metastasis; rather, a comment should
describe how many micrometastatic deposits are identi-
fied. Isolated tumor cells (ITC) are single cells or small
clusters of cells not exceeding 0.2 mm in greatest dimen-
sion, identified by histologic or immunohistochemical
evaluation. Presence of isolated tumor cells in regional
lymph node(s) should be staged as NO(@i+) [53].

Although ultrastaging is recommended, identification of
micrometastatic disease or isolated tumor cells in sentinel
lymph nodes does not necessarily alter prognosis or treat-
ment [79, 80]. The recent SENTICOL trial was the largest
multi-institution clinical trial evaluating women with early-
stage cervical carcinoma by sentinel lymph node mapping
and subsequent ultrastaging. Ultrastaging did improve
detection of lymph node micrometastases and ITCs, but the

outcomes of patients with metastases at the time of surgery
did not differ from those without metastases [79]. Additional
trials with long-term follow-up are needed to further inform
the prognosis of nodal isolated tumor cells or
micrometastases.

Please also see Chap. 2 on specifics of lymph node pro-
cessing, including sentinel lymph nodes, and measurement
of tumor deposits.

7.12 Margin Status

The status of the surgical resection margins on hysterec-
tomy (vaginal and parametrial) has a clear impact on overall
survival, with statistically significant better outcomes for
patients with negative margins. However, the effect of so-
called “close margins” as a predictor of recurrence remains
unclear. One study demonstrated a statistically significant
difference: overall recurrence was 36% with 2-mm surgical
margins versus 9% with 5-mm margins (p = 0.009) [81].
Another study showed similar local recurrence rates for neg-
ative margins (at least 1.0 cm) and close margins (10% vs.
11%), with significantly higher recurrence for positive mar-
gins (38%) [82]. Studying the effect of margins remains
challenging because of the presence of other risk factors, and
close margins may represent an intermediate risk for local
recurrence [83].

7.13 Staging and Prognosis

Stage represents the most critical prognostic indicator for
cervical squamous cell carcinoma, and it is the primary guide
for treatment approach. The importance of stage is amplified
by the fact that, unlike in many other malignancies, tumor
histology and grade have little impact on the management of
cervical squamous cancer. The most recent staging manual
of the American Joint Committee on Cancer (AJCC) stages
cervical carcinoma based on the 2009 recommendations of
the International Federation of Gynecology and Obstetrics
(FIGO). Both systems are codified in the College of American
Pathologists (CAP) cervical carcinoma reporting template
posted in August 2018 [53]. An update to the FIGO system
was also released in 2018 but is not reflected in the AJCC
eighth edition or in the subsequently released CAP cancer
reporting template update [68, 69]. It should also be noted
that there were several errors in the initial FIGO 2018 publi-
cation where the “="" was erroneously placed in 12 instances
in Stages I and II. A corrigendum was subsequently pub-
lished [84]. The staging systems currently in circulation
therefore contain some discordances of which the patholo-
gist should be aware (Table 7.2).
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For instance, under the FIGO 2018 system, horizontal/
lateral spread is no longer considered in sub-staging TA
tumors because this measurement is subject to sectioning
artifact and interobserver disagreement and does not appear
to have reproducible independent prognostic significance
[68, 69]. Thus, depth of invasion remains the sole stratifier
within this group of microscopically appreciable tumors.
Cases showing <3 mm of invasion (including all superfi-
cially invasive SCC 1A [SISCCA] and so-called “microin-
vasive” cases) qualify as FIGO IA1, and those showing >3
and < 5 mm of invasion meet criteria for FIGO 1A2. This
distinction is critical because conservative management
with complete conization is an option for IA1 cases without
lymphovascular invasion, whereas the risk of nodal involve-
ment in the A2 cancers is sufficient to prompt radical hys-
terectomy and pelvic nodal dissection in appropriate
candidates [71, 72]. Radiation therapy also represents a
treatment option for patients who are not ideal surgical can-
didates [83, 85-87]. Although lymphovascular invasion is
not incorporated in any of the staging systems, its presence
can prompt more aggressive management of A1 tumors
[71, 72].

FIGO IB cases, which include cervix-limited tumors with
>5 mm of invasion, are further subdivided based on overall
dimension. Of note, this category previously included all
“clinically visible” lesions, however, in the current FIGO
system these tumors still qualify as TA if invasion is <5 mm.
The prior staging iterations divided IB lesions based only on
whether they were at least 4 cm in size, but the latest FIGO
system further divides lesions by size: <2 cm (IB1), >2 to
<4 cm (IB2), and >4 cm (IB3). The recommended manage-
ment for these cases includes radical hysterectomy/trache-

lectomy and pelvic lymphadenectomy, with radiation therapy
also an option for small IB1 disease and for patients with
contraindications to surgery [85-89].

The 2018 FIGO system also incorporates the presence
of positive lymph nodes for stage III tumors with the gen-
eration of a new category, IIIC, for cases with either radio-
graphic or pathologic confirmation of positive lymph
nodes. There is no corresponding pT stage for this variable,
as nodal status is incorporated separately in the pN stage
under the AJCC eighth edition system, and the pelvic ver-
sus para-aortic location of the nodes is not considered.
Unlike in prior iterations of the AJCC guidelines, however,
the eighth edition uses the modifier “i+” to include isolated
tumor cells under nodal staging. In contrast, isolated tumor
cells are not mentioned in the FIGO schemas. Locally
advanced cancers, including those with pelvic nodal dis-
ease, are typically managed with a combination of cispla-
tin-based chemotherapy and radiation, but the role of
isolated tumor cells in dictating treatment remains unclear,
as these cells do not clearly impact progression-free sur-
vival [79]. The significance of isolated tumor cells is dis-
cussed in greater detail in Sect. 7.1.

Lastly, both the 2009 and 2018 FIGO systems include dis-
tant metastases status under subdivisions of stage IV,
whereas, in the AJCC system, this is addressed under the pM
category. Cases with distant metastases are typically man-
aged with cisplatin-based chemotherapy, with or without
associated radiation [90]. Unfortunately, response rates
remain low, with an average survival of 7 months. This has
prompted consideration of additional treatment avenues,
including the use of checkpoint inhibition in metastatic dis-
ease [91-94].

Table 7.2 A Comparison of AJCC eighth edition, FIGO 2009, and FIGO 2018 cervical carcinoma staging systems

Stage  AJCC eighth Edition FIGO 2009 FIGO 2018
pTO No evidence of primary  N/A N/A
tumor
pT1 ) Confined to uterus* Confined to uterus* Confined to uterus*
pTla Diagnosed only by Diagnosed only by microscopy, maximum Diagnosed only by microscopy, maximum depth < 5 mm
(IA) microscopy, maximum depth < 5 mm; horizontal spread <7 mm
depth < 5 mm; horizontal
spread <7 mm
pTlal  Invasion < 3 mm; Invasion < 3 mm; horizontal Invasion < 3 mm
(IA1)  horizontal spread <7 mm  spread <7 mm
pTla2  Invasion > 3 mm, <5 mm;  Invasion > 3 mm, <5 mm; horizontal Invasion > 3 mm, <5 mm
(1A2) horizontal spread < 7 mm  spread < 7 mm
pT1b Clinically visible lesion Clinically visible lesion and/or Invasion >5 mm
(IB) and/or microscopic lesion  microscopic lesion >T1a2
>Tla2
f;;]]ﬁ] <4 cm greatest dimension <4 cm greatest dimension <2 cm greatest dimension
pT1b2 >4 cm greatest dimension >4 cm greatest dimension >2 cm, <4 cm greatest dimension
(IB2)
IB3 N/A N/A >4 cm greatest dimension
pT2 Invades beyond uterus, Invades beyond uterus, but without Invades beyond uterus, but without involvement of the
1) but without involvement involvement of the lower 1/3 of vagina or lower 1/3 of vagina or pelvic sidewall

of the lower 1/3 of vagina
or pelvic sidewall

pelvic sidewall
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Table 7.2 (continued)

Stage
pT2a
(IIA)

pT2al
(IIA1)
pT2a2
(IIA2)
pT2b
(IIB)
pT3
(111)

pT3a
(IIA)

pT3b
(IIIB)

Imc

1icl
1IC2
pT4
av)

IVA
IVB
pNO

pNOG+)

pN1

pM1

AJCC eighth Edition
Involvement of upper 2/3
of vagina without
parametrial involvement

<4 cm greatest dimension

>4 cm greatest dimension

With parametrial
involvement

Involves lower 1/3 of
vagina and/or pelvic
sidewall and/or causes
hydronephrosis or
nonfunctioning kidney
Involves lower 1/3 of
vagina with no extension to
pelvic sidewall

Extends to pelvic sidewall
and/or hydronephrosis or
nonfunctioning kidney
related to carcinoma

N/A

N/A

N/A

Extends beyond the true
pelvis and/or has
involvement of bladder
mucosa or rectum®
N/A

N/A

No regional lymph node
metastases

Isolated tumor cells in
regional lymph nodes
<0.2 mm

Regional lymph node
metastases

Distant metastases
including peritoneal
spread; involvement of
supraclavicular,
mediastinal, or distant
lymph nodes; lung, liver, or
bone involvement

FIGO 2009
Involvement of upper 2/3 of vagina
without parametrial involvement

<4 cm greatest dimension

>4 cm greatest dimension
With parametrial involvement

Involves lower 1/3 of vagina and/or
pelvic sidewall® and/or causes
hydronephrosis or nonfunctioning
kidney.

Involves lower 1/3 of vagina with no
extension to pelvic sidewall

Extends to pelvic sidewall and/or
hydronephrosis or nonfunctioning kidney
related to carcinoma

N/A

N/A

N/A

Extends beyond the true pelvis and/or
has clinical involvement of bladder
mucosa or rectum®

Spread to adjacent pelvic organs
Spread to distant organs

N/A

N/A

N/A

N/A

FIGO 2018

Involvement of upper 2/3 of vagina without parametrial
involvement

<4 cm greatest dimension
>4 cm greatest dimension
With parametrial involvement

Involves lower 1/3 of vagina and/or extends to pelvic
sidewall and/or causes hydronephrosis or
nonfunctioning kidney and/or involves pelvic/
para-aortic lymph nodes

Involves lower 1/3 of vagina with no extension to pelvic
sidewall

Extends to pelvic sidewall and/or hydronephrosis or
nonfunctioning kidney related to carcinoma

Involvement of pelvic and/or para-aortic lymph nodes
(including micrometastasis), irrespective of tumor size or
extent (add r and p notations to specify radiologic vs.
pathology confirmation)

Pelvic lymph node metastases only

Para-aortic lymph node metastases

Extends beyond the true pelvis and/or has biopsy-
proven involvement of bladder mucosa or rectum

Spread to adjacent pelvic organs
Spread to distant organs
N/A

N/A

N/A

N/A

AJCC American Joint Committee on Cancer, FIGO International Federation of Gynecology and Obstetrics
a: Uterine corpus involvement does not impact staging for any of the systems
b: Both FIGO systems clarify that pelvic sidewall involvement is defined as the absence of cancer-free space between tumor and pelvic sidewall. The
pelvic sidewall includes the muscle, fascia, neurovascular structures, and skeletal portions of the bony pelvis
c: Bullous edema is not sufficient to classify as involvement under any of the three systems. The 2018 FIGO system specifies that biopsy-proven
involvement is required
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7.14 Predictive Biomarkers

The recent US Food and Drug Administration (FDA)
approval of the anti-PD-1 checkpoint inhibitor pembroli-
zumab for the treatment of recurrent and advanced cervi-
cal squamous cell carcinoma has led to the use of PD-L1
immunohistochemistry as a predictive biomarker in this
setting (Fig. 7.52) [94, 95]. Patient candidacy for this drug
is based on a PD-L1 combined positive score (CPS) of at
least 1. The CPS is based on the total number of PD-L1-
positive tumor cells, macrophages, and lymphocytes
divided by the total number of tumor cells present, multi-
plied by 100. Practically speaking, this means that more
than 80% of cervical cancer patients will qualify, because
only a single positive cell—be it tumor, macrophage, or
lymphocyte—is required per 100 tumor cells in order to
attain the minimum score of 1 [96].

Occasionally, immunohistochemical staining for
DNA mismatch repair proteins is requested for cervical can-
cers, owing to the approval of pembrolizumab in all mis-
match repair-deficient solid tumors [97, 98]. Given the rarity

L&J" ,-.,?-:.'i ‘ -

Fig. 7.52 PD-L1 immunohistochemistry in cervical squamous cell
carcinoma: This squamous cell carcinoma (a) shows strong PD-L1
expression (b) not only in tumor cells, but also in associated inflamma-

of mismatch repair deficiency in cervical squamous cell car-
cinoma and the high frequency of PD-L1 positivity of
CPS > 1 in these tumors, such testing is generally imprudent
until PD-L1 immunohistochemistry is first performed, as
patients are far more likely to qualify via that pathway.

Overall, checkpoint inhibitor-based immunotherapy has
shown promise in a subset of patients with cervical squa-
mous cell carcinoma, but it fails to provide a durable response
for most [92, 93, 95]. Given that most cervical cancers enlist
multiple mechanisms of immune evasion, combination
approaches that target multiple immune modulatory mole-
cules are of interest in cervical squamous carcinoma and
may ultimately lead to an expansion of the predictive bio-
markers enlisted clinically [99].

7.14.1 Case

A 45-year-old woman with squamous cell carcinoma dem-
onstrating strong PD-L1 expression in tumor cells and the
associated lymphoid infiltrate (Fig. 7.52).

tory cells. This high level of positivity is well beyond the FDA-
approved pembrolizumab treatment threshold of a combine positive
score (CPS) >1
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