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Abstract

Endocervical adenocarcinomas (ECAS) are currently classified according to the 2014 World
Health Organization (WHO) system, which is predominantly based on descriptive morphologic
characteristics, considers factors bearing minimal etiological, clinical or therapeutic relevance, and
lacks sufficient reproducibility. The 2017 International Endocervical Adenocarcinoma Criteria and
Classification (IECC) system was developed by a group of international collaborators to address
these limitations. The IECC system separates ECASs into two major groups—those that are human
papillomavirus-associated (HPVA) and those that are non—HPV-associated (NHPVA)—based on
morphology (linked to etiology) alone, precluding the need for an expensive panel of
immunohistochemical markers for most cases. The major types of HPVVA ECA include the usual
(with villoglandular and micropapillary architectural variants) and mucinous types (not otherwise
specified [NOS], intestinal, signet-ring, and invasive stratified mucin-producing carcinoma).
Invasive adenocarcinoma NOS is morphologically uninformative, yet considered part of this group
when HPV positive. NHPVA ECAs include gastric, clear cell, endometrioid, and mesonephric
types. The IECC system is supported by demographic and clinical features (HPVVA ECAs develop
in younger patients, are smaller, and are diagnosed at an earlier stage), p16/HPV status (almost all
HPVA ECAs are pl6 and/or HPV positive), prognostic parameters (NHPVVA ECAs more often
have lymphovascular invasion, lymph node metastases, and are Silva pattern C), and survival data
(NHPVA ECA:s are associated with worse survival). A move from the morphology-based WHO
system to the IECC system will likely provide clinicians with an improved means to diagnose and
classify ECAs, and ultimately, to better personalize treatment for these patients.
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1. Background

The most prevalent cervical malignancy—invasive squamous cell carcinoma (SCC)—is
almost always human papillomavirus (HPV) related. The implementation of national
screening and vaccination programs in most developed countries has reduced its incidence
over the last few decades [1]. In contrast, invasive endocervical adenocarcinoma (ECA) is
less common, accounting for ~25% of cervical malignancies; however, its prevalence is
rising, particularly among young women in developed countries, even in those with
functionable screening programs [2-5]. Most ECAs are HPV related. The HPV 18, 16 and
45 subtypes are equally prevalent, although some epidemiologic studies suggest that the
HPV 18 subtype is the most common [1, 3]. Unlike invasive SCCs, a good portion of ECAs
(10-15%) are non-HPV related [6-9].

Risk factors associated with ECA are similar to those of SCC and include multiple sexual
partners, young age at first intercourse, use of oral contraceptives for more than 10 years,
hormonal replacement therapy, and obesity. A genetic predisposition for the development of
gastric-type adenocarcinoma (HPV-unassociated) is found in women with Peutz-Jeghers
syndrome [10-12].

ECA presents at a mean age of 50 years, often with vaginal bleeding [1]. The malignancy is
thought to originate in pluripotential subcolumnar reserve cells. Most ECAs develop within
the transformation zone, with a minor proportion of cases located within the endocervical
canal, more proximally and adjacent to the lower uterine segment.

Macroscopically, it can appear as an exophytic mass (polypoid, papillary, nodular) or an
ulcerated lesion. In rare cases, it forms a “barrel-shaped” cervix, characterized by a
thickened cervical wall. In its early stages or when the tumor is located exclusively within
the endocervical canal, the tumor can be inconspicuous on clinical examination.

Morphologically, ECAs are a heterogeneous group of tumors, most displaying a mixture of
different cell types and patterns. ECAs are currently classified according to the World Health
Organization (WHO) system, predominantly based on descriptive morphological
characteristics, particularly cytoplasmic features, which are assessed on hematoxylin-eosin
(H&E) staining [1]. The WHO system recognizes more than 10 different types of ECAs,
with different clinical behaviors, biologic signatures, and treatment outcomes [1, 13]. The
classification system is also difficult to apply in daily practice, lacks sufficient
reproducibility, and lacks clinical and/or pathogenetic significance, limiting its use for
patient management. For example, the WHO system identifies 4 mucinous adenocarcinoma
entities, one unassociated with HPV (gastric-type adenocarcinoma) and 3 only variably HPV
associated (not otherwise specified [NOS], intestinal and signet-ring cell ECA). Mucinous
adenocarcinoma NOS is not clearly defined.
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Despite the heterogeneity of ECAs, the National Comprehensive Cancer Network (NCCN)
suggests a universal approach to ECA treatment, with no specific treatment strategy based
on histologic type or genomic signature as in other gynecologic cancers (e.g., ovarian and
endometrial carcinomas) [14-18]. This lack of subtype-specific treatment is due to an
erroneous assumption that all ECAs are HPV related and a classification system with many
shortcomings. To address this clinical practice gap, a panel of international experts in
gynecologic pathology studied more than 400 cases of ECA to develop a new classification
system, the International Endocervical Adenocarcinoma Criteria and Classification (IECC)
system, which incorporates the use of tumor morphology, HPV testing, and a panel of
immunohistochemical markers with clinical correlates [9] (Figure 1).

2. |ECC Classification System

The IECC classification system recognizes two categories of ECAs: HPV-associated
(HPVA) and non—HPV-associated (NHPVA) ECAs, a distinction that can be largely achieved
with morphologic assessment alone. HPVA tumors demonstrate apical mitotic features and
apoptotic bodies at scanning magnification. If not seen, a 200x magnification exam must be
performed. HPVVA ECAs are subcategorized based on cytoplasmic features, an approach
consistent with existing classification schemes. NHPVA ECAs generally lack these
aforementioned features and are subclassified based on the criteria described below [9].

IECC classification is supported by demographic and clinical features (HPVA compared
with NHPVA ECAs develop in younger patients, are smaller, and are diagnosed at earlier
stages), p16/HPV status (almost all HPVVAs are p16 and/or HPV positive), and prognostic
parameters. HPVVA ECAs are less frequently associated with lymphovascular invasion (LVI),
lymph node metastasis (LNM), and Silva C pattern. They are also associated with better
overall survival (OS), disease-free survival (DFS), and progression-free survival (PFS). They
less often recur in the pelvis, and even when they do, they are associated with better OS,
DFS, and PFS compared with NHPV ECAs with pelvic recurrence. HPVA ECAs also
respond better to adjuvant therapy using conventional agents [9, 19-22]. Importantly,
distinguishing HPVA and NHPVA ECAs is more reproducible with the IECC system
(kappa=0.51) compared to the WHO classification system (kappa =0.33) [23]. Studying the
reproducibility of distinguishing between HPVA and NHPVA ECAs using the IECC system,
the authors report a kappa value of 0.45 (moderate/fair agreement), which improved
marginally to 0.5 when immunohistochemistry was used as an adjunct to evaluation of
H&E-stained slides. These data belie the fact that perfect agreement in diagnosis across a
panel of 7 pathologists was reached in 56% of cases and a consensus majority agreement in
a further 41%. Although the panel was able to accurately distinguish between types of
NHPV carcinomas, this was not true when distinguishing between subsets of HPVA
adenocarcinomas, which in many ways recapitulates the imperfect WHO system.

2.1 Ancillary Testing to Confirm HPVA ECAs

It is reasonable to consider whether p16 immunohistochemistry should be reflexively
performed on all ECAs. We do not necessarily advocate that approach. First, the IECC
classification system was designed to be easily applied in any practice setting, without the
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use of ancillary testing in most cases, and has been shown to be at least moderately
reproducible. In the Parra-Herran study [23], kappa values for diagnostic concordance
improved only marginally when immunohistochemistry was used alongside traditional
morphological interpretation. mMRNA HR-HPV ISH and p16 immunostaining performed in
our studies were meant to provide an objective validation of morphology-based criteria but
were not intended to be used universally for ECA classification. Importantly, many
practicing pathologists have yet to master the interpretation of p16 immunohistochemical
stains, which in most cases leads to overcalling block-like p16 expression. Furthermore,
block-like staining for p16 is not specific for HPVVA ECA since high-grade endometrial
carcinomas, most notably serous carcinomas and clear cell carcinomas of endometrium and
cervix, may show this expression pattern. mMRNA HR-HPV ISH would be a far better
candidate than p16 for routine application, as this is slightly more sensitive and much more
specific than p16 for HPVA ECA. Unfortunately, this test is not available in most
laboratories.

2.2 HPVA ECA subtypes of the IECC classification system

The major IECC HPVA ECA subtypes are the usual type (including the villoglandular and
micropapillary architectural variants) and the heterogeneous mucinous type [9]. Invasive
stratified mucin-producing carcinoma (iISMILE) is also among this group. Invasive
adenocarcinoma NOS is morphologically uninformative, yet considered part of this group
when HPV positive [24, 25] (Figure 2).

2.2.1 Usual-type HPVA ECA—An estimated 80% of ECAs are usual-type ECAs. The
2014 WHO classification system describes them vaguely as ECAs with little or no
cytoplasmic mucin. [1]. To provide a level of reproducibility, the IECC system defines them
as ECAs composed 0-50% of cells with appreciable intracytoplasmic mucin assessed on
H&E staining.

Architecturally, usual-type ECA is mainly characterized by glands of various shapes and
sizes, although papillary, cribriform and solid areas can be encountered. Microglandular,
microcystic and macrocystic areas, as well as single-cell patterns, are rare in these tumors.
The glands are usually crowded but may be distributed haphzardly in stroma. Large pools of
mucin are ocasionally seen within the stroma. The stroma is usually but not always
desmoplastic, with inflammatory cells that can form a band-like infiltrate at the base of the
tumor [26]. The neoplastic cells contain characteristically pseudostratified, enlarged,
elongated, and hypercromatic nuclei. The apical zone of the amphophilic to eosinophilic
cytoplasm contains mitotic figures, as well as apoptotic bodies; these features are
pathognomonic for this microscopic type (as well as for for other HPVA types). Tumor
emboli (LVI) can be found at the tumor’s periphery, especially in large and deeply invasive
tumors of Silva C pattern. Usual-type HPVVA ECAs have various precursor lesions, including
adenocarcinoma in situ (AlS) and stratified mucin-producing intraepithelial lesion (SMILE).
High-grade squamous intraepithelial lesion (HSIL) and adenocarcinoma in situ can be seen
in combination in 50% of cases [9].
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Usual-type ECAs are almost always associated with high-risk HPV (HR-HPV) and are
block-positive for p16, a surrogate of HR-HPV infection [1]. In our series, 86.7% of usual-
type ECAs were HPV positive using in situ hybridization (ISH), recognizing mRNA of E6
and E7 oncoproteins in 18 types of HR-HPV (MRNA HR-HPV ISH). Furthermore, 83.3%
were block-positive for p16 [9] (Figure 3). Similar rates of HPV positivity (~82%) have been
reported in the literature [27]. The absence of HPV positivity in rare cases is likely due to
different detection sensitivities (polymerase chain reaction [PCR] versus ISH analysis),
fixation techniques, or the inability of standard methods to detect rare HPV subtypes [9].

The major differential diagnosis consideration for usual-type ECA is endometrioid
adenocarcinoma of endometrium. ECAs with “endometrioid” morphology and conspicuous
apical mitoses and apoptotic bodies are recategorized as usual-type ECA by the IECC
system (discussed below). The distinction between usual-type ECA and true endometrioid
adenocarcinoma of uterine corpus is particularly important since the surgical management of
the two differs [16]. True endometrioid adenocarcinomas of cervix are very rare, have
distinct endometrioid morphology (including endometrioid-associated metaplasias), and
may be associated with cervical endometriosis. Immunohistochemistry (IHC) is helpful in
differentiating the two, as usual-type ECAs are almost always HPV positive and rarely
vimentin (up to 12%), estrogen receptor (ER; up to 5%) and progesterone receptor (PR; up
to 20%) positive; true endometrioid adenocarcinomas of both corpus and cervix are HPV
negative and frequently contain larger numbers of tumor cells positive for ER and PR.
Vimentin and p16 are not always diagnostically helpful, since vimentin can be negative in
true endometrioid adenocarcinomas and p16 can be positive in high-grade endometrioid
adenocarcinomas [20]. Carcinoembryonic antigen (CEA) has limited diagnostic usefulness,
as focal staining can be observed in both tumors. In difficult cases, MRNA HR-HPV ISH
together with clinical features can be diagnostically helpful [20].

The second major differential diagnosis consideration for usual-type ECA is serous ECA,
although almost all previously reported serous adenocarcinomas are either HPV positive
(i.e., not serous) or represent spread of true serous adenocarcinoma from the corpus or
adnexa. Usual-type ECA can exhibit extensive papillary architecture and cellular tufting
resulting in irregular slit-like luminal spaces, akin to serous adenocarcinomas of
endometrial/tubo-ovarian origin (Figure 4). Serous ECA was described by Gilks et al. as a
primary malignant tumor of the cervix with a bimodal age distribution, papillary and/or
micropapillary architecture, cells showing highly atypical nuclei, a lack of intercellular
adhesion, and numerous mitotic figures and apoptotic bodies. Recent papers have shown that
after excluding drop metastases and other tumors with papillary architecture, so-called
“serous ECAs” are mostly HPV positive [28, 29]. HPV-positive tumors with serous-like
morphology are reclassified by the IECC system as usual-type ECAs. In challenging cases,
WT1 can help rule out metastasis of tubo-ovarian origin, and HPV ISH and p53 can help
differentiate usual-type ECA with serous-like features (i.e., HPV positive, p53 variable)
from endometrial serous adenocarcinoma (HPV negative, p53 aberrantly expressed) [29].
Metastasis to the cervix can be be difficult to differentiate from a primary ECA, particularly
in the absence of clinical information. IHC for PAX8 and HPV testing can help confirm a
primary HPVA ECA, although PAXS8 is often negative in iISMILE ECAs (likely due to its
reserve cell origin) [20].
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Villoglandular pattern HPVA ECA is a rare, well-differentiated, usual-type HPVA ECA
with distinct long, thin exophytic papillae lined by columnar cells with mild-to-moderate
atypia. It usually occurs in younger women (mean age, 35 years) and is variably associated
with oral contraceptive use [1, 3]. Macroscopically, villoglandular HPVA ECA is a well-
circumscribed, exophytic, friable, grey tumor of variable size. Like most other usual-type
ECAs, it is characterized by luminal mitotic figures and relatively mucin-depleted cells.
Invasion is usually superficial but can be deeper, with the deeper component bearing glands
rather than papillae. Villoglandular variants of usual-type ECA are rarely associated with
LVI and LNM and usually lack or show only superficial stromal invasion.

With only superficial invasion, villoglandular ECAs typically have an excellent prognosis;
however, when invasion is deeper and resembles that of standard usual-type ECA, clinical
outcomes are similar to those of other usual-type ECAs. Since these tumors can be
visualized on gynecologic examination, they are classified as International Federation of
Gynecology and Obstetrics (FIGO) stage 1B disease, which in many centers, is treated with
radical hysterectomy when the tumor measures less than 4 cm. A cone biopsy may be a good
strategy to evaluate for stromal invasion, its depth and pattern, and for LVI. A cone biopsy is
probably sufficient therapy with negative margins, no or minimal invasion, a Silva pattern A
and no LV1, despite the clinical appearance of a FIGO stage IB ECA [30-32].

The main differential diagnosis considerations of villoglandular-pattern HPVVA ECAs are
drop metastases of tubo-ovarian origin and endometrial serous adenocarcinomas, and the
villoglandular type of endometrioid adenocarcinoma of endometrium. Villoglandular ECAs,
compared with serous adenocarcinomas, have, by definition, low-grade nuclei and are HPV
positive. NHPVA clear cell carcinoma can also display papillary architecture but tends to
also exhibit architectural patterns and cytological features similar to those of clear cell
adenocarcinoma. Benign cervical lesions, such as papillary adenofibroma and Mullerian
papillomas (characteristic for children), usually display papillary architecture but have no
atypical features and no association with HPV. Villoglandular ECA can be differentiated
from villoglandular endometrial adenocarcinoma via high-resolution imaging, p16 IHC, and
mMRNA HR-HPV ISH, with or without ER and PR IHC.

Micropapillary pattern HPVA ECA is a newly described histologic pattern (mostly in
HPVA ECAs). Microscopically, it is characterized by small, tightly cohesive papillary
groups of neoplastic cells, often surrounded by clear spaces resembling vascular channels
[33-36]. Macroscopically, it is similar to other types of ECAS; however, on microscopic
examination, it is always associated with LVI1, often with LNM, and a poor prognosis. A
recent, large study of more than 40 cases of pure (comprising >50% of the tumor) or mixed
(comprising 10-50% of the tumor) micropapillary pattern ECAs showed that 47.7% of
patients with follow-up died of disease and 70% developed recurrent disease or distant
metastases, most commonly in the lung, liver, or retroperitoneum [24].
Immunohistochemically, most tumors are p16, MUCL1 (reverse polarity staining) and HPV
positive, while negative for WT1 and wild-type for p53 [24, 35]. This tumor profile in
consideration with clinical data and HPV testing can differentiate micropapillary ECA from
metastatic serous adenocarcinoma. The micropapillary pattern is a manifestation of
aggressive behavior [24].
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2.2.2 Mucinous-type HPVA ECA—WHO-defined mucinous carcinomas are a diverse
group of HPV-positive and HPV-negative tumors, unified by the presence of abundant
intracytoplasmic mucin. They are categorized as NOS, gastric type and its well-
differentiated variant, minimal deviation mucinous adenocarcinoma (HPV negative),
intestinal type (HPV-positive and -negative tumors with evidence of intestinal
differentiation), and signet-ring type adenocarcinoma (HPV-positive and -negative tumors
with signet-ring cells) [1]. The IECC system, which first distinguishes between HPVA and
NHPVA ECAs, recognizes the following subcategories of mucinous HPVA ECAs: 1)
mucinous NOS (=50% of tumor cells have intracytoplasmic mucin in a background of usual-
type ECA), 2) intestinal (=50% of cells with goblet morphology in a background of usual-
type ECA), 3) signet-ring (=50% of tumor cells with signet-ring morphology in a
background of usual-type ECA) and 4) iSMILE (invasive nests of stratified columnar cells
with peripheral palisading and variable amounts of intracytoplasmic mucin, resembling its in
situ counterpart). Gastric-type ECA and minimal deviation ECAs are classified as NHPVA
ECA:s irrespective of intestinal differentiation, signet-ring cells, or a micropapillary pattern
[6, 9, 37].

All IECC-classified mucinous HPVVA ECAs, irrespective of subcategorization, are HPV
positive and most are p16 positive (75% of intestinal types and 62.5% of iISMILESs), in line
with the pubished literature [9, 25, 37, 38]. Mucinous NOS, intestinal, signet-ring HPVA,
and usual-type HPVA ECAs are immunohistochemically similar, except in terms of MUC6
and HIK1083 (75% of intestinal ECAs are MUCS positive and 25% are HIK1083 positive).
This sometimes complicates the distinction between intestinal-type HPVA and gastric-type
adenocarcinomas with intestinal differentiation [20, 25]. p16 and mMRNA HR-HPV ISH are
more useful for differential diagnosis.

iSMILE is a newly recognized subtype of ECA, first described by Lastra ef a/. in 2015 as an
invasive adenocarcinoma containing nests of stratified columnar epithelium with round to
ovoid hyperchromatic nuclei, variable amounts of intracytoplasmic mucin in the form of
large mucin droplets, or more delicate and collapsing vacuoles that create spacing between
adjacent nuclei and peripheral palisading [37]. Findings from a recent paper demonstrated
immunohistochemical differences between iISMILE ECAs and other HPVVA ECAs, such as a
higher prevalence of p40 and p63 expression and a lower prevalence of PAX8 expression,
with possibly more frequent aberrant p53 staining [25]. These data suggest that iISMILE
adenocarcinomas diverge from other mucinous HPVVA ECAs and could be categorized
separately [25]. They were historically considered poorly differentiated adenocarcinomas
NOS or adenosquamous carcinomas [25].

2.3 HPVA ECA prognostic indicators

In the IECC panel’s multivariate analysis, FIGO stage, Silva invasion pattern, and possibly
mucinous differentiation were found to be independently associated with clinical outcomes
[22]. In the IECC panel’s analysis of significant prognostic parameters, HPVA ECAs with
mucinous differentiation, compared with those lacking mucin, stood out as a possible
indicator of worse PFS [9]. Furthermore, a recent study [39] reported iSMILE is a more
aggressive adenocarcinoma than other HPVA ECAs. A micropapillary pattern of invasion

Virchows Arch. Author manuscript; available in PMC 2020 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stolnicu et al.

Page 8

was recently identified as an aggressive phenotype [24]. Although there are no large
clinicopathological studies of HPVA signet-ring cell adenocarcinomas, intuitively, they are
likely aggresive tumors [40].

There is no specific grading system for ECA. Implementing the FIGO grading system (as
used for endometrial adenocarcinomas), there were no statistically significant differences in
OS, DFS or PFS between FIGO grade 1, 2, and 3 HPVA ECAs [22]. Stage (including depth
of stromal invasion) is a better prognosticator, but the depth of invasion in ECAs can be
difficult to assess. Alternatively, pattern of cervical stromal invasion (Silva patterns A, B,
and C) may best assess LNM risk. This approach has been validated by several investigators,
and although now used internationally, Silva pattern is not yet included in the FIGO staging
system [41, 42].

Silva A tumors exhibit well-demarcated glands with a lobular architecture, without evidence
of destructive stromal or lymphovascular invasion. These tumors are associated with a
negligible risk of pelvic LNM and local recurrence. Silva B tumors are similar to Silva A
tumors but with focal destructive invasion. Silva C tumors exhibit diffusely infiltrative
glands with associated extensive desmoplasia. These tumors can be associated with LNM,
local recurrence, and death. Although the Silva system was originally intended only for
usual-type HPVA ECAs, a recent study reported statistically significant associations
between Silva pattern and LNM and clinical outcomes in HPVVA ECAs, regardless of mucin
content; 14.7% of HPVVA ECAs were Silva A, 9.3% were Silva B, and 76% were Silva C.
This suggests the Silva system might work as an adjunct to or surrogate for HPVA ECA
grade [21]. Furthermore, the presence of LVI and number of vessels with LVI are associated
with pelvic recurrence [22, 26].

2.4 NHPVA ECA subtypes of the IECC classification system

The 4 major IECC NHPVA ECA subtypes are gastric, clear cell, endometrioid, and
mesonephric adenocarcinomas [9] (Figure 5). The gastric type is the most common,
accounting for 5-25% of all ECAs, depending on geographic location (higher frequency
among Japanese patients) [43]; the IECC panel reported an incidence rate of 10%. The 3
other NHPVA ECA types are very rare.

2.4.1 Gastric-type NHPVA ECA—Gastric-type ECA represents a spectrum of lesions,
from well-differentiated minimal deviation adenocarcinoma of mucinous type (also known
as adenoma malignum) to moderately to poorly differentiated ECA containing gastric-type
mucin [1, 44]. Adenoma malignum is characterized by benign-appearing, irregularly shaped
glands that often deeply infiltrate cervical stroma, usually without overt stromal desmoplasia
or easily appreciated mitotic activity. Gastric-type adenocarcinoma (including adenoma
malignum) contains cells with abundant clear, foamy or pale eosinophilic cytoplasm, distinct
cytoplasmic borders, generally low nuclear-cytoplasmic ratios and irregular basally located
nuclei, with no or limited HPVA-like features (no mitotic figures or apoptotic bodies) [9].
These tumors may contain intestinal differentiation in the form of goblet cells and
neuroendocrine-like eosinophilic granular cytoplasm, and occasionally, solid areas,
micropapillae, and stromal mucin pools. All gastric-type ECAs contain gastric-type mucin,
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which is easily identified with magenta-colored cytoplasmic staining using Alcian Blue/PAS
stains. Although the immunohistochemical antibody HIK1083 marks many of these tumors
with good specificity, it is not widely commercially available [20]. MUCS6 staining has been
suggested as a reasonable alternative to HIK1083, but it lacks specificity [20]. Several
benign cervical lesions, such as gastric metaplasia, tunnel clusters type A and diffuse
laminar endocervical glandular hyperplasia, also contain pyloric-type mucin.

Compared with HPVVA ECAs, gastric-type ECAs are often larger, occur in older patients, are
diagnosed at higher stages [9], and present with watery or mucinous vaginal discharge (one
case in association with hyponatremia from excesive watery discharge) and often a negative
Pap test [45]. Macroscopically, these tumors are white/tan/yellow and firm, but sometimes
friable and mucoid. They can form a “barrel-shape” cervix, as well as polypoid and
ulcerative forms. It is unclear whether gastric-type carcinoma originates from the
transformation zone, but the proximal endocervix is not an uncommon site of origin, making
it difficult to detect in its earliest stages.

Lobular endocervical glandular hyperplasia (LEGH) has been suggested as a precursor
lesion [46, 47]. Atypical LEGH and "gastric-type adenocarcinoma in situ” [48] are the
intermediary lesions linking LEGH and invasive gastric-type ECA. In the IECC study, up to
15% of gastric-type ECAs were associated with a gastric-type adenocarcinoma in situ [9].
There is accumulating evidence that gastric metaplasia evolves to non-atypical and then
atypical LEGH, and subsequently gastric-type ECA, with or without the features of minimal
deviation adenocarcinoma of mucinous type, via an HPV-independent molecular pathway
(driven by TP53, STK11, GNAS, and KRAS mutations) [49]. Additional studies exploring
the molecular underpinnings of gastric-type ECA have revealed mutations mostly in 7P53,
followed by MSH6, SLX4, POLE, CDOKNZA/B, FANCA, ARIDI1A, STK11, BRCAZand
MSH2Z, a molecular profile that is similar to that of pancreatic ductal adenocarcinoma [50,
51]. Very rare cases of mismatch repair deficiency due to germline alterations (i.e.,
attributable to Lynch syndrome) have been reported [52]. In the context of Peutz-Jeghers
syndrome (autosomal dominant mutation of S7TK11/L KBI), gastric-type ECA, including
adenoma malignum, may coexist with an ovarian mucinous neoplasm or, in rare cases,
ovarian sex cord stromal tumor(s) with annular tubules (SCTAT) [53].

In the IECC study, all gastric-type ECAs were HPV-negative [9], but greater than 30% were
block-positive for p16 [6, 20], which is on the high end of previously reported rates. Gastric-
type ECA is rarely positive for vimentin and hormone receptors, and has variable positivity
for MUCG (45.8%) and HIK1083 (41.7%) [6, 20, 54]. These tumors are often MUC6 and
HNF-1p positive, but their histological mimics can be positive as well, rendering these
markers useless for differential diagnosis. Recent work by our group and others has shown
promise in using trefoil factor family 2 (TFF2) protein expression for differential diagnosis,
as it is positive by IHC in many gastric-type ECAs and its precursors while also negative in
all clear cell and almost all usual-type and mucinous NOS ECAs [55]. In our study,
predictive biomarkers were mostly negative (3.8% of cases were HER2 positive and none
were androgen receptor positive) [20].
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All gastric-types ECAs, including adenoma malignum, are potentially aggressive tumors
associated with high-risk clinical features such as LVI, LNM, and metastasis to the ovaries,
other pelvic/abdominal organs, and distant sites (liver, lung, bone, and brain). Compared
with usual-type ECAs, they have a worse prognosis (shorter OS and DFS) and a higher
mortality rate [1, 6, 21, 43, 56].

The differential diagnosis of adenoma malignum usually can be made with the identification
of various benign glandular lesions. When distinguishing between adenoma malignum and a
benign entity, ER/PR IHC is useful, as gastric-type ECAs (and adenoma malignum) are
negative. The claw-like shapes and deep placement of glands along with at least mild
nuclear atypia and the presence of at least focal stromal desmoplasia are also more typical of
adenoma malignum. Some gastric-type ECAs can have admixed usual-like components, and
in these cases, ancillary testing for p53 and HPV may be needed [57]. In rare cases, a
metastasis, especially from the pancreas, needs to be ruled out with clinical correlation,
since the morphology and immunophenotype of gastric-type ECAs and pancreatic ductal
adenocarcinomas can be very similar, if not identical.

2.4.2 Clear cell type NHPVA ECA—Clear cell carcinoma of the lower genital tract has
been linked to in utero exposure to diethylstilbestrol (young patients, exophytic/endophytic
appearance, developing in the transformation zone or vagina), but now, nearly all cases are
sporadic (older patients, higher up in the endocervical canal, not visible on colposcopic
examination) [58, 59]. Some clear cell ECAs are related to vaginal adenosis or gross
structural cervicovaginal mesenchymal abnormalities [60]. The IECC panel recognized that
its appearance and criteria for diagnosis are identical to those of other Mullerian clear cell
adenocarcinomas.

Although some older reports in the literature have shown an association between clear cell
ECAs and HPV, the IECC and other studies have shown they are HPV negative [6-9].
Despite this, up to one-third of cases are p16 positive [6, 20]. The main differential diagnosis
consideration is gastric-type ECA, especially in a biopsy, as both can have optically clear
cytoplasm. HNF-1pB, Napsin A, MUCS6, and HIK1083 positivity, as well as aberrant p53
staining, can be seen in both tumor types [20] and are not diagnostically useful. TFF2 may
have diagnostic value, as it is positive in many gastric-type ECAs and negative in clear cell
adenocarcinomas (unpublished data). Arias Stella reaction [61] and florid microglandular
hyperplasia [62] can mimic clear cell ECA, but they are typically strongly ER positive,
whereas clear cell ECA is usually negative.

There is a paucity of data in the literature regarding the prognostic indicators and clinical
outcomes of these tumors, as they are rare. Some studies suggest stage as a prognosticator,
showing FIGO stage | and Il disease have a better prognosis than stage 111 and 1V disease
[63].

2.4.3 Mesonephric-type NHPVA ECA—This extremely rare NHPVA ECA typically
arises from mesonephric remnants, which is why it is often located in the lateral and deep
cervical walls [1]. Mucosal/luminal involvement may also be seen.
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The 2014 WHO and IECC classification systems use identical diagnostic criteria for
mesonephric ECA. Mesonephric ECASs frequently contain a mixture of growth patterns
(ductal, tubular [with eosinophilic luminal secretions], papillary, slit-like, cord-like, spindle
cell, and glomeruloid), although one pattern can be the dominant or only pattern in a tumor
[1, 9]. Mesonephric ECA tumor cells have scant cytoplasm, with rare mitoses. The nuclei
are ovoid and often resemble those of papillary thyroid carcinomas; chromatin clearing and
nuclear overlap are common. The presence of benign mesonephric remnants is helpful for an
accurate diagnosis. These tumors are HPV, p16, MUC6, HIK1083, ER, and PR negative, and
usually GATA3, Calretinin, CD10, TTF1, and HNF-1p positive [9, 64]. Recent molecular
studies have shown alterations in KRASand NRASin up to 81% of cases, as well as
mutations in chromation remodelling genes (AR/D1A, ARID1B, SMARCAA4) in two-thirds
of cases [15].

The main differential diagnosis consideration is usual-type ECA. HPV and GATA3 testing
can be diagnostically useful. In contrast to mesonephric ECAs, endometrioid carcinomas of
endometrium are mostly ER/PR positive and show confirmatory endometrioid features.
Florid mesonephric hyperplasia can mimic mesonephric ECA, but it usually does not form a
mass lesion or have atypical nuclei, LVI, or morphologic patterns other than small tubules
[65].

Due to the rarity of the tumor, little is known about its prognosis, although small series have
reported both local recurrences and distant metastases (bone, lung, pleura, abdomen, and
liver) [64, 66].

2.4.4 Endometrioid-type NHPVA ECA—Endometrioid-type ECA is a confusing
entity for clinicians and pathologists. Its reported prevalence varies greatly (7-50% of all
ECAS), likely due to a lack of clear-cut diagnostic criteria. According to the 2014 WHO
classification system, “endometrioid” ECAs can be HPVA (and similar to usual type) or
NHPVA, the latter reportedly developing from cervical endometriosis [1]. In the IECC study,
WHO criteria were initially applied to the examination of more than 400 ECAs, and the
majority ended up being classified as “endometrioid.” With the possible exception of 3
cases, all were HPV negative, none showed “confirmatory endometrioid features”, and all
were easily classified as HPVVA ECAs [9]. Confirmatory endometrioid features are
recognized in adenocarcinomas containing at least focal low-grade endometrioid glands
lined by columnar cells, with pseudostratified nuclei, no more than moderate nuclear atypia,
with or without squamous differentiation and/or endometriosis. Unlike HPVA ECAs, these
tumors lack easily appreciated apical mitoses and karyorrhexis. Cribriform architecture is
diagnostically uninformative. The majority of cases meeting the 2014 WHO criteria for an
“endometrioid” diagnosis were block-positve for p16 and HR-HPV positive [9]. As such,
almost all WHO-defined “endometrioid” adenocarcinomas are reclassified as usual-type
ECAs by the IECC, which is more in line with their biology.

The major differential diagnosis consideration is usual-type ECA. The other major
differential diagnosis consideration is endometrioid adenocarcinoma extending from the
corpus. Correlation with clinical and imaging findings are most helpful in this scenario. In
rare cases, usual-type ECA can be associated with bland, metaplastic-appearing squamous

Virchows Arch. Author manuscript; available in PMC 2020 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stolnicu et al.

Page 12

differentiation covering the surface of the tumor, which should not be confused with either
endometrioid adenocarcinoma with squamous differentiation or cervical adenosquamous
carcinoma [25]. The prognosis of endometrioid-type ECA is unclear due to the lack of
uniform criteria in previous studies and the limited number of cases in the IECC study.

2.5 NHPVA prognostic indicators

In the IECC multivariate analysis, patient age, FIGO stage, and tumor size were significantly
associated with survival [22]. Silva pattern is uninformative, as nearly all NHPVA ECAs are
Pattern C [21, 39]. Of note, the IECC study included mainly gastric-type ECAs [22, 39],
making it unclear if the determined prognostic indicators and clinical outcomes apply to all
NHPVA ECA:s.

3. Conclusions

Funding:

The IECC classification system divides ECAs into HPVA and NHPVA ECAs on histologic
examination alone, without the need for IHC markers. The system is easy to use in daily
practice, has good reproducibility, and excellent prediction of HPV status [9, 23]. Cancer
care has shifted from a purely morphologic diagnosis and ‘one size fits all” approach to one
that is personalized and tumor specific, integrating etiologic, molecular, and clinical
characteristics. As such, the IECC panel recommends a move from the 2014 WHO
classification system to the proposed 2019 IECC system (Figure 1) [22, 39].

This study was funded in part through the NIH/NCI Support Grant P30 CA008748 (Dr. Soslow).
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Endocervical adenocarcinoma classification systems: The 2014 World Health Organization

system and the International Endocervical Adenocarcinoma Criteria and Classification

(IECC, 2018) system. The WHO classification system categorizes tumors based primarily

on morphology, while the IECC system divides tumors into those that are human

papillomavirus associated (HPVA) and those that are not (NHPVA) based on more detailed

diagnostic criteria, resulting in the reclassification of many WHO-defined tumors.
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Figure 2.
Major International Endocervical Adenocarcinoma Criteria and Classification (IECC) HPV-

associated types: (A) Usual-type endocervical adenocarcinoma (ECA) exhibiting mucin
depletion (<50% of cells) and (B) apical “floating” mitoses and apoptotic debris, (C)
mucinous not otherwise specified (NOS)-type ECA exhibiting abundant intracytoplasmic
mucin (=50% of cells), (D) mucinous intestinal-type ECA (goblet cells in =250% of cells),
(E) mucinous signet-ring type ECA (signet-ring morphology in 250% of tumor cells), (F)
invasive stratified mucin-producing adenocarcinoma (iSMILE), (G) villoglandular-type ECA
and (H) micropapillary-type ECA.
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Figure 3.
pl6 and HPV. (A) p16 was considered positive if strong, diffuse block-like staining was

present. p16 was considered negative if there was non-block-like patchy staining (B) or
focal/weak staining (C). (D) HPV RNA-based in situ hybridization showing the presence of
high-risk HPV.
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Figure 4.
Differential diagnostic considerations for usual-type HPVA. (A) Usual-type endocervical

adenocarcinoma can exhibit pseudoendometrioid morphology, mimicking the appearance of
(B) endometrioid endometrial adenocarcinoma, but will also have floating mitoses, apoptotic
debris, and will be negative for estrogen receptor. Usual-type endocervical adenocarcinoma
can also exhibit slit-like spaces (C), thin/fine papillary archiecture (D) or broad papillary
architecture (E), mimicking the appearance of endometrial serous adenocarcinoma (F), but it
will be negative for p53 and HPV.
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Figure 5.
Major International Endocervical Adenocarcinoma Criteria and Classification (IECC) non-

HPV-associated (NHPVA) types: (A) Gastric-type adenocarcinoma, which can be associated
with gastric-type adenocarcinoma in situ colonizing normal glands (B), signet-ring cell
morphology (C) lobular endocervical glandular hyperplasia (LEGH), E) clear cell, and F)
mesonephric types.
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