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Abstract

Recent changes in the classification of cervical adenocarcinomas have re-categorized serous carcinoma as potentially
nonexistent. However, clinical and pathological profiles of cervical adenocarcinomas with serous-like morphological
features have not been systematically evaluated using the latest taxonomy and biomarkers. We studied 14 cases of primary
cervical carcinomas with serous-like morphologies (papillary and micropapillary patterns). None of these cases exhibited
evidence of serous carcinoma involving the upper tracts. Patient ages ranged between 34 and 86 years, most presented with
abnormal uterine bleeding. Histologically, ten cases were classified as human papillomavirus (HPV)-associated carcinomas
(eight usual-type endocervical adenocarcinomas and two adenosquamous carcinomas), of which six exhibited a papillary
pattern and four had a micropapillary pattern. The four remaining cases were HPV-independent gastric-type
adenocarcinomas, which displayed a papillary pattern in one case and a micropapillary pattern in three others. All ten
HPV-associated carcinomas displayed block positive pl16 and wild-type p53 by immunohistochemistry, with nine of them
confirmed by HPV testing. Two of the four gastric-type adenocarcinomas had mutation-type p53, one of which also being
pl6 block positive. HER2 overexpression was demonstrated in 3/14 (21.4%) cases (2 HPV-associated and 1 HPV-
independent). PD-L1 expression was identified in 4/10 (40%) cases, all HPV-associated. Targeted next-generation
sequencing was performed in two cases with a micropapillary pattern, revealing a missense variant in ATM in an HPV-
associated tumor and missense variants in 7P53 and SMARCB/ in an HPV-independent tumor. The results demonstrated that
primary endocervical adenocarcinomas can mimic the appearance of serous carcinoma, while not representing serous
carcinoma. Serous-like papillary and micropapillary patterns may be present in both HPV-associated and HPV-independent
cervical carcinomas, but none of the cases studied were unequivocally serous upon detailed analysis. Our findings support
the exclusion of “cervical serous carcinoma” from existing classifications of cervical adenocarcinoma.

Introduction

Supplementary information The online version of this article (https://
doi.org/10.1038/s41379-020-0627-8) contains supplementary
material, which is available to authorized users.

Serous carcinoma of the uterine cervix was included as a
histologic subtype of cervical adenocarcinoma in the 2014
World Health Organization (WHO) classification [1] and
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wwe a.01g- and Classification (IECC) [2, 3]. It is characterized by the
! Department of Clinical Pathology, Pamela Youde Nethersole morphological features of complex papillary and/or
Eastern Hospital, Chai Wan, Hong Kong micropapillary structures with high-grade nuclear atypia.
2 Department of Pathology, The University of Hong Kong, With the current paradigm shift toward an etiology-based
Pokfulam, Hong Kong classification of cervical adenocarcinomas [2, 4], it has
3 Department of Obstetrics & Gynecology, Pamela Youde been suggested that primary cervical serous carcinomas
Nethersole Eastern Hospital, Chai Wan, Hong Kong probably do not occur [3-5] and thus will be excluded
4 Department of Obstetrics & Gynecology, The University of Hong ~ {rom the upcoming 2020 WHO classification. Most
Kong, Pokfulam, Hong Kong reported cases are believed to represent either human

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-020-0627-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-020-0627-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-020-0627-8&domain=pdf
http://orcid.org/0000-0002-0493-9838
http://orcid.org/0000-0002-0493-9838
http://orcid.org/0000-0002-0493-9838
http://orcid.org/0000-0002-0493-9838
http://orcid.org/0000-0002-0493-9838
mailto:wwc091@ha.org.hk
https://doi.org/10.1038/s41379-020-0627-8
https://doi.org/10.1038/s41379-020-0627-8

208

R. W.-C. Wong et al.

papillomavirus (HPV)-associated adenocarcinomas with
serous-like patterns, endometrial extensions, or tubo-
ovarian serous carcinomas [2—-6]. On the other hand,
several recent studies have reported the pathological
profiles and clinical significance of cervical carcinomas
with micropapillary patterns [7-10], which are often
associated with HPV-associated adenocarcinomas, and
carry adverse prognostic implications. It is currently
unknown if cervical carcinomas with micropapillary pat-
terns represent a biologically distinct entity, and their
molecular pathogenesis has not been elucidated. With the
increasing recognition of the morphological spectrum of
cervical gastric-type adenocarcinomas, some cases have
documented the presence of serous-like papillary areas
[11]. To our knowledge, very few cases of HPV-
independent cervical adenocarcinomas  displaying
serous-like features have been reported [10] and sys-
tematic studies have not been undertaken. There is a need
for updated evidence regarding the clinical and patholo-
gical implications of serous-like morphological features in
cervical adenocarcinomas with regard to the current
concepts and diagnostic/predictive markers.

In view of the nosologic conundrum concerning these
tumors, we studied a series of cervical carcinomas with a
serous-like papillary and/or micropapillary pattern. With the
aid of immunohistochemistry, HPV testing, and molecular
analysis, we attempted to evaluate the relevance of these
serous-like morphological features within the current clas-
sification schema.

Materials and methods

After ethics approvals were obtained (IRB numbers:
HKECREC-2018-023 and UW 18-293), cervical carcino-
mas diagnosed as ‘“‘adenocarcinoma,” ‘“‘adenosquamous
carcinoma,” and “serous carcinoma” were identified by
searching the pathology databases between 1994 and 2019
from one institution, and between 2000 and 2019 from
another.

Clinical history and follow-up data were obtained from
the clinical records. All were histologically reviewed by
gynecological pathologists. After the exclusion of second-
ary involvement by serous carcinoma from the corpus and
upper tracts, they were classified into HPV-associated or
HPV-independent carcinomas based on IECC criteria.
HPV-associated carcinoma was defined by the presence of
prominent apical mitoses and apoptotic bodies at scanning
magnification whereas cases lacking these features were
classified as HPV-independent carcinomas [2, 3]. These
cervical carcinomas were then considered to have “serous-
like features™ if they contain > 5% of serous-like papillary
pattern or a micropapillary pattern, as defined by Stewart
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et al. for micropapillary components in cervical carcinomas
[9]. The papillary pattern was characterized by a complex
papillary architecture with cellular budding and high-grade
nuclear atypia (moderate to marked nuclear pleomorphism,
increased nuclear-cytoplasmic ratio and prominent
nucleoli), based on the 2014 WHO classification [1].
Papillae of the villoglandular type were distinguished from
serous-like papillae by their exophytic long slender archi-
tecture and mild to moderate cytological atypia [1, 2]; cases
with pure villoglandular features were not included. The
micropapillary pattern was defined as groups of tumor cells
without fibrovascular cores within cleft-like or lacunar
spaces and exhibiting high-grade nuclear atypia, and have
classical immunohistochemical staining pattern with EMA,
MUCI, E-cadherin, and pl20-catenin [9, 10]. A micro-
papillary pattern must show membrane staining on the
peripheral borders of tumor clusters with EMA and/or
MUCI, together with absence of peripheral border staining
and preserved lateral membrane staining with E-cadherin
and/or p120-catenin [9] (Fig. 1). All four markers were
performed on cases with morphological suspicion of a
micropapillary pattern, while those lacking immunohisto-
chemical confirmation were excluded.

Immunohistochemical analysis was performed for all
cases except for PD-L1, which was tested in ten cases (see
Supplementary Table 1). Markers included pl6, p53,
MUC6, CEA, PAXS, estrogen receptor (ER), CK7, CK20,
WTI1, CDX2, GATA3, p40, HER2, and PD-L1 (22C3).
With the exception of p16, p53, HER2, and PD-L1, staining
for all other markers was recorded as diffusely positive
(250% cells staining), focally positive (<50% cells stain-
ing), or negative. p16 staining was recorded as block-type
positive (positive nuclear and cytoplasmic staining of all
tumor cells) or negative (negative or “non-block-type”
staining). p53 staining was recorded as “mutation-type”
(diffuse strong positive staining in >80% of cells, com-
pletely negative, or cytoplasmic staining) or “wild-type”
(heterogeneous staining of variable intensity in <80% of
cells) [12]. HER2 immunohistochemistry was classified as
positive (3+), equivocal (2+), or negative (1+ or 0), based
on the 2018 American Society of Clinical Oncology/Col-
lege of American Pathologists Clinical Practice Guideline
Focused Update for HER? testing in breast cancer [13]. PD-
L1 immunohistochemistry was assessed using the combined
positive score (CPS; defined as total number of positive
tumor cells and immune cells/total number of viable tumor
cells x 100) and classified into negative (CPS < 1) or posi-
tive expression (CPS > 1) [14].

HPV testing was performed on DNA samples extracted
from paraffin blocks in 12 cases with adequate material
by polymerase chain reaction using the consensus primers
GP5+/64-, followed by typing by Sanger sequencing for
positive cases. Targeted next-generation sequencing (NGS)
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Fig. 1 Histological and immunohistochemical features of micro-
papillary component. Micropapillary component is morphologically
defined as groups of tumor cells without fibrovascular cores present
within empty cleft-like spaces (a, b). The key feature of reversed

was successfully performed in two cases with a micro-
papillary pattern (cases 6 and 14) using DNA extracted
from formalin-fixed and paraffin-embedded tissue with
microdissection of the area with the micropapillary features.
Paired normal samples were not examined. Library pre-
paration and targeted NGS for 207 amplicons covering
mutational hotspot regions in 50 cancer-related genes (listed
in Supplementary Table 2) was performed using the Ion
Ampliseq Cancer Hotspot Panel v2 on the Ion S5 sequencer
following the manufacturer’s instructions (Thermo Fisher

epithelial polarity is immunohistochemically visualized as membrane
staining for EMA (c¢) and/or MUC1 (d) on the peripheral cell borders,
together with absent peripheral border staining and intact lateral
membrane staining with E-cadherin (e) and/or p120-catenin (f).

Scientific, Waltham, MA) and as previously described [15].
Sequencing data were processed using the Torrent Suite
software v5.6.0 and analyzed using the Ion Reporter soft-
ware v5.10.1.0 (Thermo Fisher Scientific) with mapping to
the reference GRCh37 (hgl9). The minimum accepted
vertical coverage was 1000x for detection of >5% variant
allele frequency. Copy number variation was not assessed.
The variants identified were individually evaluated to
exclude known polymorphisms and assess the significance
by reviewing published literature, and the ClinVar and
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Catalogue of Somatic Mutations in Cancer (COSMIC)
databases.

Results

Among the 136 cases of primary cervical carcinomas, 14
(10.3%) that met all the criteria were included in the study.
The original diagnosis was ‘“‘adenocarcinoma” in seven
cases, ‘“serous adenocarcinoma” in two cases, while the
remaining five were diagnosed as “papillomatous adeno-
carcinoma,” “micropapillary carcinoma,” “usual endo-
cervical adenocarcinoma,” ‘“mucinous adenocarcinoma,”
and “adenosquamous carcinoma,” respectively. All the
slides containing tumor were re-reviewed to evaluate the
histologic types and other pathological features. For all
included cases, there was no evidence of serous carcinoma
in the upper genital tract based on hysterectomy (nine cases)
and salpingo-oophorectomy (eight cases) specimens if
available, as well as review of concurrent endometrial
biopsies, immunohistochemical profiles and radiological
investigations.

The number of slides available for review ranged from 1
to 12 per case (7 on average). The types of specimens
included hysterectomy (nine cases), loop electrosurgical
excision procedure (one case) and biopsies (four cases).

Cervical carcinomas with serous-like morphologies
included in the study comprised of ten HPV-associated
carcinomas (eight usual-type adenocarcinomas and two
adenosquamous carcinomas) and four HPV-independent
(gastric type) carcinomas. Six other cases with suspicion of
a micropapillary pattern (presence of tumor cell clusters
without fibrovascular cores surrounded by empty spaces),
but without typical immunohistochemical confirmation
(none of them had any of the typical expression patterns for
EMA, MUCI, E-cadherin, and pl20-catenin) were
excluded.

Clinical features

Details of the clinical features are listed in Table 1.

The age of ten patients with HPV-associated carcinomas
ranged from 34 to 62 years (mean, 48.3 years). Eight (80%)
presented with abnormal uterine bleeding. The tumor size
ranged from 2 to 7 cm (mean, 4.5 cm). In eight cases, the
tumor was grossly visible and their locations were docu-
mented. Four of these were localized to either the anterior or
posterior lip and histologically, they all had a papillary
pattern. With the remainder four that had circumferential
cervical involvement, three contained a micropapillary
pattern and one had a papillary pattern. The tumors were
FIGO (2018) stage I in five cases, stage II in one case, stage
III in three cases, and stage IV in one case. The six stages
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I/II cases all had a hysterectomy and, with the exception of
case 5 (stage IA), a pelvic lymph node dissection was also
performed. After a mean follow-up of 5.75 years, four were
alive with no evidence of disease. Two patients had vaginal
vault recurrence respectively at 1 and 3 years after the initial
operation, and both were successfully treated with che-
motherapy and radiotherapy. In the four remaining patients,
two patients died of disease at 4 months and 2 years,
respectively, one patient was alive with progressive disease
at 7 years, and one had no follow-up available. The 5-year
overall survival (excluding cases 9 and 10) was 75% (6/8).

The age of the four patients with HPV-independent
carcinomas ranged from 45 to 86 years (mean, 66.3 years).
Three of the four presented with postmenopausal bleeding.
The tumor size ranged from 1.6 to 5.7 cm (mean, 3.5 cm).
For the three cases with their locations documented, one
was localized to the anterior lip and was found to have a
papillary pattern, while two others that involved the entire
cervix both had a micropapillary pattern. Two cases were
FIGO stage I while the other two were stage III at pre-
sentation. Two of the four had a hysterectomy, one of which
also had pelvic lymph node dissection. Upon follow-up,
three patients died of disease after 12 months, 20 months,
and 4 years, respectively, with invasion of adjacent organs
or distant metastasis, while the remaining patient showed no
evidence of disease at 2 years. The 5-year overall survival
(excluding case 14) was 0% (0/3).

Pathological features

Details of the pathological features are listed in Table 2.
Among all the tumors, these serous-like papillary or
micropapillary patterns accounted for 10-100% of the
tumor areas, with a mean of 62.1%, which was well over the
definitional threshold of 5%. None of the cases demon-
strated both papillary and micropapillary patterns
simultaneously.

Of the ten HPV-associated carcinomas, eight were usual-
type endocervical adenocarcinomas; five of these had a
papillary pattern and three had a micropapillary pattern. One
of the two adenosquamous carcinomas had a papillary
pattern and the other had a micropapillary pattern.

In cases in which the infiltrative pattern was assessable,
two of those with papillary pattern were Silva pattern B, and
three were pattern C. All four tumors with a micropapillary
pattern were Silva pattern C. Lymphovascular invasion was
present in 3 of 8 HPV-associated carcinomas and both of 2
gastric-type adenocarcinomas with resection specimens
available. The histological appearance and immunohisto-
chemical findings are illustrated in Figs. 2 and 3.

The four HPV-independent carcinomas were all gastric-
type adenocarcinomas. One of these had a papillary pattern
and three had a micropapillary pattern. The histological
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illustrating the...

Cervical carcinomas with serous-like papillary and micropapillary components
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Fig. 2 Histological features of HPV-associated cervical adeno-
carcinomas with serous-like features. A case of HPV-associated
adenocarcinoma features complex branching papillary structures with
tufted luminal borders (a) as well as high-grade nuclear atypia and
frequent mitoses (b), reminiscent of serous carcinoma. Some HPV-
associated cases may be predominantly exophytic and associated with

features of the HPV-independent (gastric type) adeno-
carcinomas are illustrated in Fig. 4.
Immunohistochemistry and HPV testing

The immunohistochemical findings are listed in Table 3.

All ten HPV-associated carcinomas were diffusely block
positive for p16 and had a wild-type pattern for p53. These

adenocarcinoma in situ (c), with slit-like lumina among tumor cells
over papillary structures (d). HPV-associated adenocarcinomas with
micropapillary component may be accompanied by HSIL (e) and some
cases may harbor tumor cells with squamoid appearance as illustrated
here (f).

tumors were also positive for CK7 (10/10), CEA (10/10),
and PAXS (9/10). Focal expression of GATA3 and p40 was
noted in two and four cases, respectively (concurrently in
two cases). CDX2 and WT1 were negative in all ten cases.
HER2 was positive (3+) in two cases, equivocal (2+) in
one case (for which dual-probe in situ hybridization was
negative for HER2 amplification), and negative (0 or 1+) in
seven cases. PD-L1 showed positive expression in 4 of 8

SPRINGER NATURE
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Fig. 3 Histological and immunohistochemical findings in HPV-
associated adenosquamous carcinomas with serous-like features.
Complex papillary structures composed of neoplastic squamous and
glandular cells are present in a tumor (case 9) (a, b). In another tumor
(case 10), areas of typical micropapillary features (left) coexist with
larger groups of carcinoma cells without fibrovascular cores (right) (c).
At high power, these solid structures comprise a peripheral rim of

cases tested. The HPV test was positive in all of the nine
cases with available material for testing (type 16 in 4 and
type 18 in 5).

In the HPV-independent gastric-type adenocarcinomas,
the only case with papillary pattern showed diffuse block
staining for p16 but also demonstrated mutation-type p53
(overexpression). The remaining three gastric-type ade-
nocarcinomas with micropapillary components were

SPRINGER NATURE

glandular tumor cells surrounding non-keratinizing squamous tumor
cells in the center (d), demonstrated by p40 immunohistochemistry as
diffuse staining of the central part and negative at the periphery (e).
HER?2 overexpression is observed in the micropapillary component
(right) contrasting with negative membrane staining of the HSIL ele-
ment (lower left) (f).

negative for p16; one of them had mutation-type p53. All
four cases were positive for CK7, CEA, CK20, and
MUCG6, while negative for ER, GATA3, p40, and WTI.
HER?2 was positive (3+) in one case and negative (0 or
1+4) in the other three. PD-L1 showed negative expression
in both of the two cases tested. HPV was confirmed to
be negative in three cases with adequate material for
testing.
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Fig. 4 Histological features of cervical gastric-type adenocarcino-
mas with serous-like features. Gastric-type adenocarcinoma may
exhibit papillary structures as shown here (a), in which the morpho-
logical features of gastric-type differentiation such as abundant foamy

The immunohistochemical features of the HPV-
associated tumors and those of the HPV-independent
tumors are illustrated in Figs. 5 and 6, respectively.

Targeted NGS

A missense variant in the ATM gene (c.5429C>T;
p-T1810I) was detected in an HPV-associated adenocarci-
noma with micropapillary pattern (case 6). Two genetic
variants were detected in a gastric-type adenocarcinoma
with micropapillary pattern (case 14), including a missense
variant in TP53 (c.469G>T; p.VI57F) and a missense
variant in SMARCBI1 (c.215C > A; p.T72K).

Discussion

Primary cervical serous carcinoma was initially described as
a morphologically defined entity resembling serous carci-
nomas elsewhere in the female genital tract [16, 17]. Based
on several such cases [17-19], patients at stage I presented
more favorable prognosis after radical surgery, similar to
patients with usual endocervical adenocarcinomas, while

cytoplasm and distinct cell borders may be encountered (b). Some
cases of gastric-type adenocarcinoma may show typical glandular
structures coexisting with micropapillary foci (arrows) (c), which
exhibit tumor cell clusters within empty spaces (d).

those at advanced stages of the disease generally had less
favorable outcomes. In a study of 13 cases diagnosed as
cervical serous carcinoma, a dichotomized distribution was
observed with better prognosis in premenopausal patients
and worse outcomes in postmenopausal patients; a tubal
origin was suggested for the postmenopausal cases as most
were WT1 positive and some had concurrent serous tubal
intraepithelial carcinoma [20]. A study by Togami et al. [21]
demonstrated the presence of HPV DNA in 4 out of 10
patients with cervical serous carcinoma. Owing to incon-
sistent associations with HPV and the absence of a unifying
biomarker in these cases, the existence of so-called
“cervical serous carcinoma” has been subject to debate
[3-5, 10].

Applying the paradigm of an HPV-based classification,
primary cervical adenocarcinomas with serous-like features
are believed to comprise mostly of HPV-associated ade-
nocarcinomas. The terms “serous-like carcinoma” and
“micropapillary adenocarcinoma” have been used to
describe such cases as morphological variants of HPV-
associated endocervical adenocarcinomas [4, 6]. The IECC
study initially included serous adenocarcinoma as a subtype
of HPV-independent adenocarcinoma [2], but this was
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Table 3 Immunohistochemical
profiles (including HER2 and

Case pl6 p53 MUC6 CEA PAX8 ER CK20 CDX2 GATA3

p40 HER2 PD-L1 (CPS)

PD-L1) of cervical carcinomas
with serous-like features.

HPV-associated cervical carcinomas with serous-like features (cases 1-10)

+  WT - F F - - - - - 3+ + (D)

2 + WT F F - - F - - F 1+ - (<1)
3 +  WT - F F F - - - - 0 +©2)
4 +  WT - D F - - - - - 0 -0
5 +  WT - D D - - - - - 0 - (<1)
6 +  WT - F F - - - F F 1+ +(5)
7 + WT - F F - - - - - 0 + (10)
8 + WT F D F - - - - 0 - (<)
9 + WT F F F - - - - F 2+ NA
10 + WT - D F - - - F F 3+ NA
HPV-independent cervical carcinomas with serous-like features (cases 11-14)

11 + MT F F F - F D - - 34 NA
12 - WT D F - - F F - - 0 NA
13 - WT F F - - F - - - -0
14 - MT F F - - F - - - 1+ - (0)

CK7 was diffusely positive and WT1 was negative in all 14 cases. pl6 was reported as + (block-type
positive staining) or — (negative or non-block staining). p53 was reported as MT or WT. HER2 was reported
using the score as described in the text; dual-probe in situ hybridization was performed for case 9 and the
result was negative for HER2 amplification (HER2/CEP17 ratio 1.69; HER2 copy number 3.73 signals per
cell). PD-L1 was reported as + (CPS 2 1) or — (CPS < 1), with the CPS for each case included in brackets.

+ positive expression, — negative expression, CPS combined positive score, D diffuse (250%), F focal
(< 50%), MT mutation type, NA not available, WT, wild type.

found to be extremely rare in subsequent analyses [5, 22].
The ideal approach to classifying a primary cervical carci-
noma with serous-like features is unclear and it should be
based on evidence addressing the relationship of these
morphological patterns with currently recognized histo-
types. To the best of our knowledge, this study represents
the first investigation applying the current HPV-based
classification schema to primary cervical adenocarcinomas
displaying serous-like morphological features, which
essentially provides comprehensive data for the accurate
diagnosis and appropriate management of these tumors.

The cases analyzed in this study suggest that serous-like
papillary and micropapillary features are not restricted to
specific histotypes of cervical carcinomas and both mor-
phological patterns can be seen in HPV-associated as well
as HPV-independent tumors. With the help of immunohis-
tochemical analysis and HPV testing, the cases in our study
were classified as either of usual endocervical adenocarci-
noma, adenosquamous carcinoma, or gastric-type adeno-
carcinoma and based on their pathological profiles, none of
them was classified as serous carcinoma analogous to the
endometrial or ovarian counterparts.

The clinical outcomes of cervical carcinomas with
serous-like features are generally congruent with the
expected prognostic divergence between HPV-associated
and HPV-independent tumors. Among cases with ade-
quate follow-up, the 5-year overall survival for the
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HPV-associated group was 75%, as compared to 0% for
the HPV-independent group. Recognizing that 5 of 9
HPV-associated cases with follow-up developed recur-
rence, metastasis or tumor-related death, notwithstanding
the small sample size that precluded conclusive state-
ments, this might indicate that the disease-free survival for
these cases could be worse than that of conventional
HPV-associated tumors.

While the micropapillary pattern only recently gained
attention in cervical carcinomas and mostly described in
HPV-associated cases, this feature has been extensively
studied in carcinomas of other sites [23], currently
defining a specific histotype in the breast [24], lung [25],
urinary tract [26], salivary gland [27], stomach [28], and
colon [29, 30]. Studies of micropapillary carcinomas in
these various locations have generally demonstrated these
cases to be more aggressive than their non-micropapillary
counterparts [24-30]. Similarly, the study by Alvarado-
Cabrero et al. [10] found relatively aggressive
behavior among cervical carcinomas with micropapillary
components. It is worth noting that in our study, regard-
less of HPV status, most tumors with a micropapillary
pattern showed circumferential involvement of the cervix
upon clinical examination, in contrast to the often loca-
lized involvement for those with a papillary pattern. All
tumors with a micropapillary pattern also had Silva pat-
tern C of invasion. These suggest a micropapillary pattern
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Fig. 5 Immunohistochemical findings in HPV-associated cervical
adenocarcinomas with serous-like features. HPV-associated ade-
nocarcinomas typically show diffuse positivity for p16 (a) and wild-
type pattern for pS3 (b). GATA3 expression is present in both the
micropapillary component and accompanying HSIL (left) in case 6 (c),

signifies a more extensive disease although this was not
reflected in the FIGO stage probably because of the small
sample size.

Among the reported cases of cervical carcinomas with a
micropapillary pattern, 2-50% of cases were associated
with an adenosquamous carcinoma [9, 10]. In our study, we
demonstrated that adenosquamous carcinomas could exhibit
serous-like features, characterized by papillary pattern in
one and micropapillary in the other. Even among those

which also exhibits focal p40 expression in the micropapillary areas
(d). Overexpression of HER?2 is observed in a case of HPV-associated
adenocarcinoma with papillary pattern (e). PD-L1 expression in the
micropapillary component is visualized as patchy weak to moderate
membrane staining in some cases (f).

cases without overt squamous components, immunohisto-
chemical expression of p40 was focally present in two
HPV-associated adenocarcinomas, which might suggest
focal squamous differentiation. Coexisting HSIL was also
present in two HPV-associated adenocarcinomas (one of
them focally expressing p40), which was similarly
encountered with previous reports of cervical carcinomas
with micropapillary features [7-9]. These observations
might suggest a possible link with squamous differentiation
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Fig. 6 Immunohistochemical findings in cervical gastric-type
adenocarcinomas with serous-like features. Gastric-type adeno-
carcinoma with papillary pattern may exhibit mutation-type over-
expression of pS53 (a) and focal MUC6 expression (b). Gastric-type
adenocarcinomas with micropapillary pattern sometimes display
expression of gastrointestinal markers, such as MUC6 (¢) and CK20

in a subset of cervical carcinomas displaying serous-like
features.

Cases of gastric-type adenocarcinoma in this study illu-
strated the broad morphological spectrum and occasional
unexpected immunoprofile of this tumor. In a gastric-type
adenocarcinoma with serous-like papillary pattern (case 11),
the finding of block positive p16 staining could have been
misdiagnosed as HPV-associated carcinoma. An awareness

SPRINGER NATURE

(d). Mutation-type p53 expression is identified in the micropapillary
component of a gastric-type adenocarcinoma (e). HER2 over-
expression may manifest as intense complete basolateral membrane
staining of tumor cells in gastric-type adenocarcinoma with papillary
pattern (f).

of this phenomenon of block-type pl6 expression in
4.3-33% of gastric-type adenocarcinomas [31, 32], with
additional sampling of the areas of gastric-type morphology
and HPV testing would be needed to avoid misdiagnosis.
Studies have identified HER2 overexpression or ampli-
fication in a few cervical adenocarcinomas [31, 33] and its
potential therapeutic utility has gained attention [34]. As
HER2 overexpression is commonly encountered in uterine
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serous carcinoma [35] and micropapillary urothelial carci-
noma [36], this might also be the case with cervical ade-
nocarcinomas  displaying  serous-like  papillary  or
micropapillary features. Despite the limited sample size, our
findings indicate that HER2 overexpression is implicated in
at least a subset of cervical carcinomas with serous-like
features, as this was observed in two cases with serous-like
papillary pattern (including one HPV-independent tumor)
and one case with micropapillary component. Whether this
represents a clinically relevant therapeutic target requires
further evaluation in larger clinical studies.

With immune checkpoint inhibitors becoming popular
treatment options for metastatic cervical cancer [37, 38], we
also assessed the expression of PD-L1—the standard bio-
marker for patient selection [14]. The four cases with
positive results for PD-L1 expression were all HPV-asso-
ciated, possibly related to the production of virus-induced
antigens in these tumors [37]. Our findings suggested that
PD-L1 expression may be occasionally encountered in
cervical carcinomas with serous-like features.

The missense variant in ATM (p.T1810I) identified in the
micropapillary component of a HPV-associated adeno-
carcinoma (case 6) was likely pathogenic based on the
FATHMM prediction score of 0.93 (cancer.sanger.ac.uk);
this variant had also been reported in a case of gastric
carcinoma [39]. In a recent study by Hodgson et al. [40],
ATM mutations were noted in 2 cases of gastric-type ade-
nocarcinoma but none of 45 HPV-associated adenocarci-
nomas. TP53 abnormalities are common in gastric-type
adenocarcinomas [33, 40]. The missense TP53 variant (p.
V157F), found in a case of gastric-type adenocarcinoma
(case 14), had conflicting interpretations of pathogenicity by
ClinVar, with a neutral FATHMM prediction score of 0.24
(cancer.sanger.ac.uk). Experimental studies had provided
evidence for the downstream effects of this variant [41, 42],
which, coupled with the mutation-type immunoreactivity,
suggest that this variant is possibly pathogenic. This case
also revealed a missense variant in SMARCBI, previously
found in a case of endometrial gastric (gastrointestinal)-type
adenocarcinoma [43]. Although the significance of this
variant is unclear, it may warrant further studies to establish
an association with gastric-type gynecologic lesions.

The differential diagnosis of cervical carcinomas with
serous-like morphological features can be challenging.
Serous carcinomas of endometrial and tubo-ovarian origins
may have substantial cervical involvement or an “in-situ”
growth pattern mimicking a cervical primary [44] and these
cases may have papillary and/or micropapillary compo-
nents; this potentially accounts for certain cases previously
reported as being “cervical serous carcinoma” [4, 6]. A few
cases were excluded from this study based on the con-
current finding of serous carcinoma (including serous
endometrial intraepithelial carcinoma) in the endometrium.

WT1 immunohistochemistry would be helpful for those of
tubo-ovarian primary, although 34-64% of endometrial
serous carcinomas may also be WT1 positive [45, 46].
Conversely, both HPV-associated and HPV-independent
cervical adenocarcinomas may also have extensive endo-
metrial involvement [47, 48], reiterating that the pre-
dominant site of involvement does not reliably indicate the
site of origin. It should be noted that both p16 and p53 have
limitations in this scenario, as endometrial serous carcinoma
can have diffuse positivity for pl6 and cervical adeno-
carcinomas can have mutation-type p53 expression [31].
For HPV-associated adenocarcinomas (or adenosquamous
carcinomas) with serous-like features, HPV testing is useful
to confirm diagnosis. For gastric-type adenocarcinomas
with serous-like foci, the coexisting component of typical
gastric-type morphology and expression of gastrointestinal
markers would be beneficial.

While the HPV-independent tumors in this study were of
gastric-type, other uncommon subtypes of cervical carci-
noma could also display serous-like features. Cervical
mesonephric carcinoma can display papillary architecture,
but these tumors often show characteristic oval, pale nuclei
rather than high-grade nuclear atypia [6, 49]. The presence
of associated mesonephric hyperplasia and the expression of
GATA3 serve as diagnostic aids. Clear cell carcinomas may
also harbor serous-like papillary structures, but the other
typical morphological features and the expression of Napsin
A are beneficial in diagnosis. Thus far, to our knowledge,
micropapillary pattern has not been described in meso-
nephric or clear cell carcinoma.

Morphological suspicion of micropapillary component
may be encountered with cervical carcinomas of diverse
histologies. We have excluded 6 cases from our study based
on the lack of typical “inside-out” immunoreactivity with
EMA and MUCI, despite the initial impression of a
micropapillary  component. ~Upon reviewing the
micropapillary-like foci, most of these cases were regarded
as tumor budding, retraction artifacts, or lymphovascular
invasion. Given its significance, we recommend using
immunohistochemistry when confronted with a papillary/
micropapillary carcinoma in the cervix.

The retrospective nature of the study was an inherent
limitation because treatment modalities have changed and
evolved over the study period. With four cases being
biopsies, it might be arguable whether a tubo-ovarian or
endometrial primary could be conclusively excluded even
with imaging and endometrial sampling, and for those with
bilateral salpingo-oophorectomy performed, the fallopian
tubes were not processed using the SEE-FIM protocol. Due
to the small sample size, we were unable to draw concrete
conclusions on prognosis, but we believe that by applying
strict criteria in the case selection, the observations in our
study were noteworthy.
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In summary, our study has demonstrated that primary
endocervical adenocarcinomas can mimic the appearance of
serous carcinoma, while not representing serous carcinoma.
The results of our study indicate that cervical carcinomas
with serous-like morphology can be re-classified as one of
the histotypes recognized by the IECC or the upcoming
2020 WHO classification, basically either HPV-associated
or gastric-type in our cohort. We believe these findings have
provided the evidence in support of excluding serous car-
cinoma from the list of cervical adenocarcinoma subtypes.
We propose that the presence of serous-like papillary and/or
micropapillary patterns in cervical carcinomas may be
documented as morphological patterns along with the HPV
status and histologic subtype, to allow further studies on
this subset of tumors.
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