
Abstract. Background/Aim: Invasive stratified mucin-
producing carcinoma (ISMC) of the uterine cervix has been
reported to be more aggressive than other subtypes of
endocervical adenocarcinoma. We investigated the
clinicopathological and molecular characteristics of eight
ISMCs. Patients and Methods: We reviewed the electronic
medical records and pathology slides of eight patients with
ISMC and conducted programmed death-ligand 1 (PD-L1)
immunostaining and targeted sequencing. Results: The
patients were between 31 and 54 years. Six tumors were pure
ISMCs, and two showed co-existing squamous cell
carcinoma and usual-type endocervical adenocarcinoma.
Lymph node metastases were detected in three cases. Three
patients developed distant metastases to the adnexa, lungs,
inguinal lymph nodes, and small intestine. Two patients
experienced disease progression, and three developed
postoperative local recurrences. All tumors showed PD-L1

over-expression, with a mean combined positive score of
73.8 (range=30-100). One tumor harbored erb-b2 receptor
tyrosine kinase 2 amplification. Conclusion: ISMC of the
uterine cervix exhibits a high risk of recurrence, metastasis,
and resistance to chemoradiation therapy. PD-L1 over-
expression was consistently observed in all ISMCs. This
finding raises the possibility that patients with ISMC may
benefit from PD-L1 immunotherapy.

Stratified mucin-producing intraepithelial lesion (SMILE) is
a newly described premalignant lesion of the uterine cervix.
This lesion is believed to arise in the embryonic or reserve
cells in the transformation zone. In addition to cervical high-
grade squamous intraepithelial lesion (HSIL) and
adenocarcinoma in situ (AIS), the well-known premalignant
intraepithelial lesions, SMILE is associated with high-risk
human papillomavirus (HPV) infection (1). This uncommon
lesion is histologically characterized with stratified columnar
epithelial cells possessing intracytoplasmic mucin throughout
the entire epithelial thickness (1), and is classified as a
variant of AIS in the 2014 World Health Organization
Classification of Tumours of Female Genital Tumours (2).
HSIL and AIS often co-exist with SMILE, and squamous cell
carcinoma and usual-type endocervical adenocarcinoma are
associated with 10-50% of SMILE cases (1, 3, 4). In 2016,
Lastra et al. (5) described a distinctive subtype of invasive
endocervical adenocarcinoma exhibiting morphological
features similar to those of SMILE as an invasive stratified
mucin-producing carcinoma (ISMC) or invasive SMILE.
ISMC comprises approximately 10% of endocervical
adenocarcinoma cases and less than 1% of all cervical
carcinoma cases. It is the third most common subtype of
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endocervical adenocarcinoma after usual-type (48%) and
gastric-type (23%) endocervical adenocarcinomas (3).

Few studies have reported on the clinical aspects of
ISMC. ISMC is known to be more aggressive than other
histological subtypes of endocervical adenocarcinoma and is
associated with frequent recurrences and metastases (6). A
recent large-scale cohort study also documented that patients
with ISMC had higher rates of lymph node metastasis, local
recurrence, and distant metastasis than those with other HPV-
associated endocervical adenocarcinomas (7). However,
given its rarity, the clinicopathological characteristics and
outcomes of patients with ISMC are not clearly understood.
Moreover, no clinical practice guidelines for surgical
treatment and postoperative chemotherapeutic strategies have
been established for ISMC.

In recent years, we have encountered several cases of
ISMC of the uterine cervix that initiated a comprehensive
review of our archival cases. In this study, we investigated
the clinicopathological characteristics and ancillary test
results of cervical ISMC. In particular, we evaluated the
immunohistochemical expression of programmed death-
ligand 1 (PD-L1) in cervical ISMC cases. Comprehensive
clinicopathological and molecular analyses of these cases
will expand our knowledge regarding the clinical features,
histological features, immunophenotypes, and genetic
characteristics of cervical ISMC.

Patients and Methods

Case selection. This study was approved by the Institutional Review
Board of Samsung Medical Center (approval number: 2020-07-062;
approval date: November 6, 2020). The cases were selected from
the computerized archival files of the Samsung Medical Center
(Seoul, Republic of Korea). During the three-year study period from
July 2018 to June 2020, eight patients were diagnosed with ISMC
of the uterine cervix. Clinical information, including patient’s age
at diagnosis, previous gynecological history, presenting symptoms,
magnetic resonance imaging (MRI) findings, surgical and
postoperative treatment, postoperative recurrence and metastasis,
follow-up data, and current status, were obtained from the electronic
medical records.

Slide review. Two board-certified gynecological pathologists (S.C.
and H.-S.K.) thoroughly examined all available hematoxylin and
eosin-stained slides using light microscopy. We collected
pathological information, including HPV status, coexisting
pathological lesions, greatest dimension and invasion depth of the
tumor, lymphovascular space invasion (LVSI), extension to the
vagina and parametrium, metastasis to the adnexa, lymph node, and
peritoneum, and International Federation of Gynecology and
Obstetrics (FIGO) stage (8). We chose the most representative slides
for immunohistochemical staining and targeted sequencing.

Immunohistochemical staining. Immunostaining was performed
using an automated immunostainer (Ventana BenchMark XT,
Ventana Medical Systems, Tucson, AZ, USA) (9-19). After antigen

retrieval, 4-μm-thick, formalin-fixed, paraffin-embedded slices were
incubated with primary antibodies, including p16 (prediluted, clone
E6H4, Ventana Medical Systems), p40 (1:100, polyclonal, Biocare
Medical, Concord, CA, USA), carcinoembryonic antigen (CEA;
1:200, clone II-7, Dako, Glostrup, Denmark), erb-b2 (prediluted,
clone 4B5, Ventana Medical Systems), and PD-L1 (prediluted, clone
22C3, Agilent Technologies, Santa Clara, CA, USA). After
chromogenic visualization, the slices were counterstained with
hematoxylin. Appropriate positive and negative controls were
concurrently stained to validate the staining method. Endometrial
serous carcinoma (for p16), cervical squamous cell carcinoma (for
p40 and PD-L1), gastric adenocarcinoma (for erb-b2), and colonic
adenocarcinoma (for CEA) were used as positive controls. Negative
controls were prepared by substituting primary antibodies with non-
immune serum, resulting in no detectable staining. The p16
expression pattern was interpreted as block-positive if p16
expression was horizontally continuous and strong, and involved
nuclear or nuclear plus cytoplasmic staining. All other p16
immunostaining patterns, described as focal nuclear staining or
wispy, blob-like, puddled, or scattered cytoplasmic staining, were
interpreted as patchy positive (9, 20-25). For p40 and CEA
expression evaluation, nuclear and cytoplasmic staining with a
moderate-to-strong intensity in the nucleus was interpreted as
positive expression. Positive staining was considered diffuse if at
least 50% of tumor cells were immunoreactive, or was deemed as
focal if fewer than 50% of the cells were stained (9, 20-22, 24, 26,
27). c-erb-b2 immunostaining was interpreted as positive when
≥10% of tumor cells displayed strong complete membranous
staining, following the guidance on c-erbB2 testing and scoring of
gastric adenocarcinoma (28). PD-L1 expression was determined
using the combined positive score (CPS) interpretation guideline
(29), which is the number of PD-L1-stained cells (viable tumor
cells, lymphocytes, and macrophages) divided by the total number
of viable tumor cells, multiplied by 100. A minimum of 100 viable
tumor cells was considered adequate for evaluating PD-L1
positivity. For tumor cells, partial or complete membranous staining
at any intensity was regarded as positive expression. Membranous
and/or cytoplasmic staining at any intensity was regarded as positive
for tumor-associated immune cells.

Targeted sequencing. DNA and RNA were isolated from 10-μm-
thick slices of formalin-fixed, paraffin-embedded tumor tissues
using a sterile 26-gauge needle and the RecoverAll Multi-Sample
RNA/DNA Isolation Workflow station (Thermo Fisher Scientific,
Waltham, MA, USA). The tissues obtained by manual
microdissection were subjected to DNA and RNA extraction for
library preparation. Normal tissues were obtained from the adjacent
non-neoplastic areas. DNA and RNA were quantified using a Qubit
2.0 Fluorometer (Thermo Fisher Scientific). DNA libraries were
prepared as previously described (30, 31) from 20 ng of DNA per
sample using an Ion AmpliSeq Library Kit 2.0 (Thermo Fisher
Scientific) and Oncomine Comprehensive Assay (OCA) v1 panel
(Thermo Fisher Scientific) (31, 32). RNA libraries were generated
from 15 ng of RNA per sample using the Ion AmpliSeq RNA
Library Kit (Thermo Fisher Scientific). Libraries were quantified
using the Ion Library Universal Quantification Kit (Thermo Fisher
Scientific). The OCA v1 panel (Thermo Fisher Scientific) included
143 genes, of which 73 were interrogated for mutational hotspots.
In addition, 26 tumor suppressor genes were interrogated for all
exons. This panel could detect copy number variations (CNVs) in
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49 genes and fusion drivers in 22 genes (33). A 60 pmol/l pool of
DNA and RNA libraries at a ratio of 4:1 was used to prepare the
templated ion sphere particles (Thermo Fisher Scientific).
Sequencing was performed using the Ion 540 Kit-Chef (Thermo
Fisher Scientific) and Ion S5 system (Thermo Fisher Scientific).
Sequencing data of approximately 200 bp reads were generated after
500 flow runs.

Bioinformatics and data analysis pipelines. Sequencing data were
analyzed using Torrent Suite Software v5.2.2 (Thermo Fisher
Scientific). This workflow was created by adding a custom hotspot
browser extensible data file to report mutations of interest and a
custom CNV baseline (described below) using the manufacturer’s
default workflow as previously described (30, 31). The pipeline
included signaling processing, base calling, quality score
assignment, adapter trimming, read mapping to the human genome
assembly GRCh37, quality control of mapping, coverage analysis
with down-sampling, and variant calling. The variants were
identified using the Torrent Variant Caller plug-in and Ion Reporter
Software v5.2 (Thermo Fisher Scientific). Coverage maps were
generated using the coverage analysis plug-in (Thermo Fisher
Scientific). In addition, ANNOtate VARiation (ANNOVAR) (34)
was used for functional annotation of identified single nucleotide
polymorphisms (SNPs) to investigate their genomic locations and
variations (35). To eliminate error artifacts, sequence data were
visually confirmed using the Integrative Genomics Viewer (Broad
Institute, Cambridge, MA, USA). This workflow was able to report
SNPs and indels in as low as 1% of the variant allele fraction. Based
on the results of a feasibility study, the variant allele fraction
threshold was set to 5%. Copy number analysis was performed
using the copy number module within the aforementioned workflow
of the Ion Reporter Software v5.2 (Thermo Fisher Scientific). Copy
numbers of 4 or greater were considered concordant if the same
copy number was reported for target genes by the orthogonal assay.
Fusions were detected using the fusion detection module in the Ion
Reporter Software (Thermo Fisher Scientific) workflow. This
pipeline only reported fusions that were previously annotated, as
defined in a reference file preloaded into the workflow (30, 31).

Results
Clinical characteristics (Table I). Figure 1 summarizes the
clinicopathological, immunophenotypical, and molecular
characteristics of eight ISMCs. The patients were between
31 and 54 years old (mean=42.3 years), and had no previous
gynecological history. Five and two patients presented with
vaginal bleeding and discharge, respectively. Seven patients
whose MRI scans were available had visible masses in the
uterine cervix. Three tumors appeared to involve the vagina,
whereas four tumors were confined within the cervix without
any evidence of parametrial or vaginal extension. Two
patients (cases 3 and 5) received preoperative neoadjuvant
concurrent chemoradiation therapy (CCRT). All patients
underwent radical (7/8) or total (1/8) hysterectomy with
bilateral salpingo-oophorectomy (4/8), unilateral salpingo-
oophorectomy (1/8), bilateral salpingectomy (4/8), pelvic
lymph node dissection (6/8), pelvic lymph node sampling
(1/8), and para-aortic lymph node dissection (1/8). Three

(cases 5, 7, and 8) patients had stage IIIC1 tumors with
pelvic lymph node metastases. The remaining five cases
were diagnosed as stage IIA2 (1/8), IB2 (3/8), and IA1 (1/8)
tumors. Two cases (cases 1 and 5) showed extension into
both the adnexa and vagina. One patient with stage IIA2
tumor (case 1) received postoperative radiation therapy (RT).
Two patients with stage IB2 (case 2) and IA1 (case 4) tumors
and two patients who underwent preoperative CCRT (cases
3 and 5) did not receive further treatment. Three patients
with stage IB2 (case 6) and IIIC1 (cases 7 and 8) underwent
postoperative CCRT.

Five patients (cases 1, 2, 3, 5, and 7) developed local or
metastatic recurrence in the vaginal stump, adnexa, pelvic
sidewall, inguinal lymph nodes, small bowel, or lungs.
Disease-free survival (DFS) ranged from 7 to 19 months
(mean=12.1 months). The patients underwent chemotherapy
(4/5) or CCRT (1/5) for recurrent tumors. All patients are
currently alive with a mean postoperative follow-up of 21.5
months (range=12-35 months).

Pathological characteristics (Table II). Gross observations
revealed the ISMCs as relatively well-demarcated, round,
nodular masses. The cut surfaces showed white or gray tan
tumors. Tumor necrosis was grossly identifiable in one case.
All the patients were infected with high-risk HPV (type 18).
The greatest dimension of the tumor ranged from 7 to 65 mm
(mean=36 mm). Five tumors invaded more than half of the
cervical stroma, two of which extended through the full
thickness of the cervical stroma into the parametrium.
SMILE (3/3) and HSIL (2/3) co-existed with ISMC in three
cases. These microscopic non-invasive lesions were
identified at the periphery of the main tumor masses.
Invasive carcinomas were also noted in two cases, including
usual-type endocervical adenocarcinoma (2/2) and squamous
cell carcinoma (1/2).

The histological features of ISMC were similar to those
of SMILE. The tumor cell nests predominantly comprised
stratified columnar epithelial cells. Variable-sized,
occasionally anastomosing nests and sheets of tumor cells
irregularly infiltrated the adjacent stroma and formed finger-
like or broad, bulky projections (Figure 2, upper panel). The
nuclei were round to ovoid with pale or vesicular chromatin;
conspicuous nucleoli were occasionally observed (Figure 2,
upper panel). In all cases, the tumor cells had varying
degrees of intracytoplasmic mucin (Figure 2, upper panel).
and were positive for mucicarmine, Alcian blue (Figure 2,
lower panel), and periodic acid-Schiff staining. A distinct
pattern of peripheral nuclear palisading was reported in the
majority of cases (Figure 2, lower panel). Desmoplastic
stromal reaction and associated inflammatory infiltrates were
observed at both the tumor center and the invasive front.
Neutrophilic infiltrates were dominant within the tumor cell
nests and sheets (Figure 2, lower panel), whereas the stroma
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Table I. Clinical characteristics.

Case  Age    Presenting               Imaging                  Surgical       FIGO   Postoperative   Postoperative   Treatment for     DFS    Current      OS 
No       (yr)       symptom                 findings                  treatment        stage        treatment          recurrence         recurrence        (mo)      status       (mo)

1           35         Vaginal           A cervical tumor       RH with BS     IIA2             RT                 Present                 CT                12        Alive         23
                        bleeding                with upper              and PLND                                        (adnexa and lungs) 
                                               vaginal extension;                                                       
                                                no PM extension; 
                                                 borderline-sized
                                                  iliac chain LN; 
                                             no peritoneal seeding
2           54         Vaginal           A cervical tumor          RH with         IB2            None                Present              CCRT              9         Alive         19
                        bleeding            without vaginal           BSO and                                            (vaginal stump)
                                                extension; no PM           PLND
                                                extension; no LN 
                                                   metastasis; no 
                                               peritoneal seeding                 
3           45         Vaginal            (Before CCRT)           RH with         IB2            None                Present                 CT                 7         Alive         28
                       discharge          A cervical tumor         BSO after                                           (vaginal stump,
                                              (28 mm) with upper     preoperative                                           inguinal LN, 
                                               vaginal extension;           CCRT                                             and small bowel)
                                                no LN extension; 
                                               no LN metastasis; 
                                            no peritoneal seeding;
                                               (1 mo after CCRT) 
                                               Decrease in tumor 
                                                   size (17 mm);
                                                     (3 mo after 
                                                CCRT) Decrease 
                                            in tumor size (9 mm);
                                                    (11 mo after 
                                                 CCRT) Increase
                                                    in tumor size
                                                       (15 mm)                         
4           39       Abnormal                  None                 RH with BS     IA1            None                Absent                None              19        Alive         19
                        cytology                                                and PLNS
5           39         Vaginal            (Before CCRT)       RH with BSO   IIIC1           None                Present                  CT                 7         Alive         20
                        bleeding           A cervical tumor         and PLND                                         (pelvic sidewall)
                                                (55 mm) without             after 
                                               vaginal extension;      preoperative 
                                                no PM extension;            CCRT
                                               no LN metastasis; 
                                            no peritoneal seeding;
                                               (2 mo after CCRT) 
                                               Decrease in tumor 
                                                   size (29 mm);
                                               (4 mo after CCRT) 
                                                Increase in tumor 
                                               size (34 mm) with 
                                                endocervical and 
                                                   PM extension                     
6           44         Vaginal           A cervical tumor        RH with BS      IB2           CCRT               Absent                None              16        Alive         16
                        bleeding           without vaginal         and PLND
                                                extension; no PM 
                                                      extension; 
                                                 borderline-sized 
                                               right obturator LN; 
                                             no peritoneal seeding              

Table I. Continued



displayed extensive lymphoplasmacytic infiltrates.
Occasionally, dilated cystic spaces filled with eosinophilic
secretions, neutrophils, and nuclear debris were identified.
In all cases, numerous apoptotic bodies and mitotic figures
were detected throughout the tumor (Figure 2, lower panel).
Atypical mitoses were often observed.

Three tumors (cases 1, 3, and 5) had unusual and
interesting clinicopathological features. In case 1, FIGO
stage IIA2 ISMC had substantial LVSI, but the pelvic lymph
nodes were free of tumor. Notably, scattered microscopic
foci showing poorly differentiated carcinomas were
observed between the areas of typical ISMC (Figure 3,
upper panel). Variable-sized solid sheets of tumor cells
possessed markedly pleomorphic nuclei with apparent
irregularities of the nuclear membrane and prominent red
nucleoli. Large areas of coagulative tumor cell necrosis and
occasional multinucleated giant cells exhibiting nuclei
similar to those of tumor cells were identified. In some foci,
tumor cells were showing irregular-shaped, ill-formed cords
and trabecular arrangement (Figure 3, upper panel). The
intervening stroma was small or absent, and atypical mitoses
were frequently detected (Figure 3, upper panel). We also
found unusual histological features in two patients (cases 3
and 5) who received preoperative CCRT. In case 3, the
patient was diagnosed with adenosquamous carcinoma in
the conization specimen. Three months after CCRT, the
cervical tumor size significantly decreased from 28 to 9
mm, but an enlarged tumor (15 mm) was observed in the
follow-up MRI obtained 11 months after CCRT. The radical
hysterectomy specimen revealed a typical morphology of

ISMC, consisting of nests and cords of stratified mucin-
containing columnar cells showing irregular-shaped, finger-
like stromal infiltration and associated desmoplastic
reaction. However, the degree of stromal inflammatory
infiltration was lower and the number of intraepithelial
neutrophils was smaller as compared to those in a typical
ISMC. Chemotherapy-induced tumor necrosis was observed
in multifocal area (Figure 3, lower panel). Peripheral
nuclear palisading was not detected. The degree of stromal
inflammatory infiltration was lesser, and the number of
intraepithelial neutrophils were smaller. Instead, the tumor
cells showed vesicular chromatin, prominent cherry-red
nucleoli, markedly irregular nuclear membranes, abundant
cytoplasm with low nuclear-to-cytoplasmic ratio, and
distinct cell borders (Figure 3, lower panel). These
morphological features are compatible with CCRT-induced
cytological alterations. In another patient who received
preoperative CCRT (case 5), the tumor size decreased at 2
months after CCRT but eventually progressed with
endocervical and parametrial extension at 4 months. In
addition to CCRT-induced epithelial atypia, we also noted
compactly aggregated, large, round tumor cells possessing
abundant intracytoplasmic mucin displacing the nucleus to
one side of the cell (Figure 3, lower panel). The nuclei were
atypical and crescent-shaped, with prominent nucleoli and
frequent mitotic figures. These histological features
resembled those of the signet-ring cell-type mucinous
carcinoma. There was no extracellular mucin pool around
the tumor cells. Intraepithelial inflammatory infiltrates were
prominent, most of which were neutrophils.
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Table I. Continued

Case  Age    Presenting               Imaging                  Surgical       FIGO   Postoperative   Postoperative   Treatment for     DFS    Current      OS 
No       (yr)       symptom                 findings                  treatment        stage        treatment          recurrence         recurrence        (mo)      status       (mo)

7           51         Vaginal           A cervical tumor      TH with BSO,  IIIC1          CCRT         Present (lung)            CT                15        Alive         35
                        bleeding          with mid-vaginal       PLND, and 
                                               extension and PM          PALND
                                                  extension; right 
                                                    obturator LN 
                                                   metastasis; no 
                                               peritoneal seeding
8           31         Vaginal           A cervical tumor      RH with LSO,  IIIC1          CCRT               Absent                None              12        Alive         12
                       discharge          without vaginal     RS, and PLND
                                                extension; no PM 
                                                  extension; iliac 
                                             chain LN metastasis; 
                                             no peritoneal seeding

BS: Bilateral salpingectomy; BSO: bilateral salpingo-oophorectomy; CCRT: concurrent chemoradiation therapy; CT: chemotherapy; DFS: disease-
free survival; FIGO: International Federation of Gynecology and Obstetrics; LN: lymph node,; LSO: left salpingo-oophorectomy; mo: months,; OS:
overall survival; PALND: paraaortic lymph node dissection; PLND: pelvic lymph node dissection; PLNS: pelvic lymph node sampling; PM:
parametrium; RH: radical hysterectomy; RS: right salpingectomy; RT: radiation therapy; TH: total hysterectomy; yr: year.



Immunostaining results (Table III). All ISMCs and SMILEs
displayed diffused and strong p16 immunoreactivity in both
the nucleus and cytoplasm (block p16 positivity; Figure 4,
upper panel). Areas of squamous cell carcinoma and usual-
type endocervical adenocarcinomas also showed block
positivity for p16. Two tumors had a small number of p40-
positive cells that had moderate to strong staining intensity
(Figure 4, upper panel). In the remaining cases, some bland-
appearing squamous epithelium located at the periphery of
tumor cell nests was positive for p40. HSIL was uniformly
and intensely positive for both p16 and p40. All ISMCs and
SMILEs showed strong cytoplasmic CEA expression with a
variable proportion of staining. Five ISMCs were diffusely
positive for CEA, whereas three were patchy (Figure 4,
upper panel). One tumor showed uniform and strong c-erbB2
immunoreactivity in the membrane of the tumor cells (Figure
4, upper panel). PD-L1 22C3 immunostaining revealed high
CPS in all cases, ranging from 30 to 100 (mean=73.8). PD-
L1 was localized within both the tumor cells and tumor-
associated immune cells present in the peritumoral stroma
(Figure 4, middle and lower panels).

Targeted sequencing results. Targeted sequencing revealed
six pathogenic mutations in five patients. Table III

summarizes the single nucleotide variations and copy
number alterations identified in the five patients with ISMC.
Four tumors harbored pathogenic missense mutations in erb-
b2 receptor tyrosine kinase 3 (ERBB3; c.850G>A;
p.Gly284Arg; case 4), v-Ki-ras2 Kirsten rat sarcoma viral
oncogene homolog (KRAS; c.34G>C; p.Gly12Arg; case 5),
erb-b2 receptor tyrosine kinase 2 (ERBB2; c.929C>T,
p.Ser310Phe; case 6), phosphatidylinositol-4,5-bisphosphate
3-kinase catalytic subunit alpha (PIK3CA; c.1258T>C;
p.Cys420Arg; case 7), guanine nucleotide binding protein,
alpha stimulating (GNAS; c.601C>T; p.Arg201Cys; case 7).
One tumor harbored ERBB2 amplification (copy number:
42.9; case 2). Diffused and strong membranous c-erbB2
expression was concordant with amplification.

Discussion

Here, we describe the morphological and immunophenotypical
characteristics of cervical ISMC and delineate the overall
genetic alterations. The most common presenting symptom of
ISMC is vaginal bleeding (6). Some patients only showed
abnormal cytology findings without symptoms. In a recent
largest cohort study of 52 ISMC patients by Stolnicu et al. (7),
the mean age of patients was 41.8 years (range=22-78 years).
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Figure 1. Summary of clinicopathological and molecular characteristics of invasive stratified mucin-producing carcinoma.



Eighty percent of the patients developed ISMC before 50
years of age. FIGO stage I was the most common (70%),
followed by stage III (11.5%), II (9.6%), and IV (1.9%). The
presence of the ISMC component is a determinant of a poor
outcome. The rates of lymph node metastasis and local
recurrence were higher in ISMC (33% and 25%, respectively)
than in the usual-type endocervical adenocarcinoma (12.2%
and 8.8%, respectively) (7). Moreover, no significant
differences were observed in overall survival and recurrence-
free survival between patients with pure ISMC and those with
mixed ISMC and other HPV-associated endocervical
adenocarcinomas (p=0.287 and p=0.185, respectively) (7). In
this study, the mean age of patients was 42.3 years, consistent
with that reported by Stolnicu et al. (7) (41.8 years) and Horn
et al. (6) (47.1 years). Lymph node metastases were found in
three patients (37.5%), and distant metastases were detected
in the lungs, adnexae, inguinal lymph nodes, and small
intestines of three patients (37.5%). Three patients (37.5%)
experienced postoperative local recurrence at the vaginal
stump and pelvic sidewall. These findings are consistent with
previous data demonstrating ISMC as an aggressive subtype
of endocervical adenocarcinoma, frequently associated with
nodal and distant metastases as well as recurrences (5-7).

In this study, two patients underwent neoadjuvant CCRT
before surgery. The preoperative FIGO stages were IIA1 and
IB3. In one patient with IIA1 tumor (case 3), the tumor size
decreased after two cycles of CCRT but increased later after
the third cycle. In the other patient with stage IB3 tumor
(case 5), the tumor size decreased 2 months after CCRT (55
to 29 mm). However, parametrial extension, vaginal
extension, peritoneal metastasis, and pelvic lymph node
metastases developed 4 months after CCRT, resulting in
upstaging of the final pathology (IIIC1). The DFS was 7
months in both patients. There have been no data on the
outcomes of patient subjected to preoperative CCRT with

subsequent surgery for ISMC. Our observations suggest that
patients with ISMC appear to respond well to the first or
second cycles of CCRT but eventually show disease
progression with local recurrence or distant metastasis.

ISMC is an invasive counterpart of SMILE. They share
characteristic histological features (5), including stratified
immature epithelial cells, abundant intracytoplasmic
mucinous vacuoles in the entire epithelial thickness,
numerous intraglandular neutrophils and apoptotic debris,
and peripheral nuclear palisading. In ISMC, variable-sized
sheets or nests of tumor cells infiltrate the stroma in a finger-
like growth pattern and are accompanied by a desmoplastic
stromal reaction. In contrast, intercellular bridges and keratin
pearl formation were not observed, and glandular formation
was rarely identified. Adenosquamous carcinoma is one of
the main differential diagnoses of ISMC that displays
histological evidence of both adenocarcinoma and squamous
cell carcinoma (2). In ISMC, individual cell keratinization,
intercellular bridges, and gland formation were not
identified. The lack of squamous and glandular
differentiation makes it possible to distinguish between
ISMC and adenosquamous carcinoma. In this study, two
patients were misdiagnosed with adenosquamous carcinoma
on conization and total hysterectomy specimens. One patient
(case 3) who received three cycles of CCRT after conization
experienced disease progression. The current guidelines for
cervical carcinoma recommend the same CCRT protocol
regardless of the histological subtype (36). However,
pathologists should properly distinguish ISMC from
adenosquamous carcinoma, as these two entities may differ
in clinicopathological characteristics and response to CCRT.

Another main differential diagnosis is HPV-associated
mucinous carcinoma of the signet-ring cell type. Primary
signet-ring cell carcinoma of the uterine cervix is
exceedingly rare, and only a few cases have been reported
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Table II. Pathological characteristics.

Case   HPV status              Coexisting                  Greatest      Invasion depth/    Parametrial  LVSI    Vaginal    Adnexal     Lymph node    Peritoneal
No           (type)                    pathology                 dimension     entire stromal      extension                extension   extension       metastasis      metastasis
                                                                                  (mm)        thickness (mm)

1            HR (18)                      None                           55                   20/22                    –               +             +                +                     –                     –
2            HR (18)                      None                           20                     6/9                      –               –             –                –                     –                     –
3            HR (18)                      None                           20                   18/22                    –               –             –                –                     –                     –
4            HR (18)      SMILE, HSIL, and UEA            7                     2/11                     –               –             –                –                     –                     –
5            HR (18)                      None                           33                   20/20                    +               +             +                +          + (1/7; pelvic)          –
6            HR (18)            SMILE and HSIL                30                    11/24                    –               –             –                –                     –                     –
7            HR (18)              SCC and UEA                   65                   16/16                    +               +             –                –         + (4/48; pelvic)         –
8            HR (18)                    SMILE                         55                    5/12                     –               –             –                –         + (1/21; pelvic)         –

HPV: Human papillomavirus; HR: high-risk; HSIL: high-grade squamous intraepithelial lesion; LVSI: lymphovascular space invasion; SCC:
squamous cell carcinoma; SMILE: stratified mucin-producing intraepithelial lesion; UEA: usual-type endocervical adenocarcinoma.



to date (37). Histologically, the tumor displays characteristic
infiltration by mucin-containing tumor cells arranged in
clusters as well as singly scattered, and possessing
hyperchromatic, crescent-shaped, eccentrically located
nuclei. In this study, one tumor (case 5) had a signet-ring cell
morphology. The tumor cells were filled with mucin
vacuoles that pushed the nucleus to the periphery of the
cytoplasm. The amount of intracytoplasmic mucin was much
higher than that in the adjacent ISMC cells. Most of the cells
were arranged in nests and clusters, and singly dispersed
cells were rare. These morphological features were
consistent with the mucinous carcinoma of the signet-ring
cell type. We observed that this patient with ISMC showing
areas of signet-ring cell morphology developed disease
progression despite CCRT. Given its rarity, the clinical
outcome of patients with ISMC coexisting with signet-ring
cell carcinoma has not yet been reported. We cannot exclude
the possibility that ISMC cells underwent CCRT-induced
cytological alterations, including an increase in the amount
of intracytoplasmic mucin, resulting in signet-ring cell-like
features. Further investigations using more ISMC cases with

similar histological features are warranted to clarify the
pathogenesis and clinical significance of signet-ring cell
carcinoma associated with ISMC.

As both SMILE and ISMC are associated with high-risk
HPV infection, they demonstrate block positivity for p16
protein (3). In this study, all SMILEs and ISMCs displayed
block p16 positivity, and all patients were infected with
HPV type 18. These results are in concordance with
previous data showing that the most prevalent HPV type in
ISMC patients is type 18 (7). SMILE and ISMC shared the
same p63 immunostaining pattern, and showed negative or
weakly focal positive staining (3). In a recent study by
Stolnicu et al. (38) investigating the immunophenotype of
ISMC using tissue microarray, the positive rates of 
p63, p40, and GATA3, markers related to squamous
differentiation, were 25.0%, 28.6%, and 14.3%,
respectively. In particular, p63 and p40 proteins were
localized in the periphery of the tumor cell nests. In this
study, two tumors (25%) showed focal and strong nuclear
p40 immunoreactivity. The p40-positive tumor cells were
located along the border of the tumor cell nests.
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Figure 2. Typical histological findings of invasive stratified mucin-producing carcinoma. (Upper panels) Variable-sized, irregular-shaped, and
interanastomosing nests and sheets of stratified columnar epithelial cells display high-grade nuclear atypia, including severe pleomorphism, vesicular
chromatin, and prominent eosinophilic nucleoli. (Lower panels) Abundant intracytoplasmic mucin is highlighted by Alcian blue. Large (green
arrows) and small (yellow arrows) cellular sheets show characteristic nuclear palisading at the periphery. They also possess numerous intraepithelial
and stromal neutrophils. The tumor cells show readily identifiable apoptotic bodies and mitotic figures (small blue arrowheads).



Heeren et al. (39) reported that both tumor cells and various
immune cells expressed PD-L1 in squamous cell carcinoma
and adenocarcinoma of the uterine cervix. In comparison with
endocervical adenocarcinoma, squamous cell carcinoma was
more frequently positive for PD-L1 and showed more PD-L1-
positive immune cells. The authors also documented that DFS
was significantly shorter in patients with endocervical
adenocarcinoma who had PD-L1-expressing tumor-associated
macrophages than in those with PD-L1-negative tumors (39).
In a recent study by Karpathiou et al. (40) using 27
endocervical adenocarcinoma samples, one (3.7%) showed
positive PD-L1 expression in the tumor cells, while two
(7.4%) exhibited PD-L1 positivity in the immune cells.
Despite these low frequencies, PD-L1 expression by either
tumor cells or immune cells was significantly associated with
worse prognosis in patients with endocervical adenocarcinoma
(40). In this study, we evaluated PD-L1 expression in patients
with ISMC using the CPS system for the first time. All cases
showed PD-L1 over-expression with CPS ranging from 30 to

100. This finding raises the possibility that PD-L1 over-
expression may contribute to the aggressive behavior and
worse prognosis of ISMC. Given that pembrolizumab, an anti-
PD-1 inhibitor, is indicated for the treatment of patients with
advanced cervical carcinoma with PD-L1-positive tumors
(CPS ≥1), as determined by an FDA-approved test, and
provides a better outcome among patients with recurrent or
metastatic cervical carcinoma (41), patients with ISMC can be
promising candidates who can benefit from PD-1/PD-L1
immunotherapy.

Targeted sequencing results indicated that ISMCs are
genetically heterogeneous. Our cases harbored pathogenic
mutations in PIK3CA, KRAS, ERBB2, and ERBB3, which are
commonly observed in endocervical adenocarcinoma or
squamous cell carcinoma (42-44). These findings suggest that
ISMC does not harbor characteristic or specific somatic
mutations but has molecular profiles similar to those of other
cervical carcinomas. Interestingly, ERBB2 amplification (copy
number: 42.9) was observed in one case. Shi et al. (45)
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Figure 3. Unusual histological findings of invasive stratified mucin-producing carcinoma. (Upper panels) Areas of poorly differentiated carcinoma
are located closely adjacent to those of usual-type endocervical adenocarcinoma (yellow arrows). Poorly formed cords and trabeculae and randomly
distributed individual tumor cells are occasionally noted. In areas lacking the intervening stroma, frequent atypical mitoses (small blue arrowheads)
are often identified. (Lower panels) Neoadjuvant chemotherapy leads to tumor cell necrosis and cytological alterations including abundant, clear
cytoplasm, severe irregularities of nuclear membrane, and marked nuclear pleomorphism, and cherry-red nucleoli (small green arrowheads). Tight
aggregates of signet-ring cells possess abundant intracytoplasmic mucin, displacing the nucleus to one side of the cell. They are located closely
adjacent to a typical area of ISMC (orange arrows).



demonstrated that ERBB2 amplification was detected in 6.2%
of all endocervical adenocarcinoma cases. Their study included
10 ISMC cases, but there was no ERBB2-amplified ISMC.
Stolnicu et al. (38) reported that c-erbB2 over-expression was
rare in endocervical adenocarcinoma, and that only 12.5% of
ISMCs were positive for c-erbB2 on immunostaining. Our
observation that ERBB2 amplification/over-expression was
detected in only one of the eight cases suggests that ERBB2
amplification/over-expression rarely occurs in ISMC, consistent
with previous reports. Despite its low frequency, ERBB2 can be
a potential therapeutic target for ISMC and may provide
physicians with options other than conventional chemotherapy.

The association of PIK3CA mutation with worse prognosis
or chemotherapeutic resistance in patients with cervical
carcinoma remains unclear with conflicting results across
studies (44, 46, 47). In this study, a (plain) PIK3CA mutation
was detected in one patient. The patient had lymph node
metastasis at the time of surgery and developed lung
metastasis 15 months after surgery. The prognostic impact of
PIK3CA mutation is inconclusive in only a single case.
Furthermore, the PIK3CA p.Cys420Arg mutation is a rarely
identified variant as compared to p.Glu545Lys and
p.Glu542Lys mutations, thus posing additional difficulties to
predict the biological behavior of the tumor. Further
molecular studies using a larger cohort of ISMC cases are
imperative to analyze the frequency and type of PIK3CA
mutations in ISMC. As a PIK3CA inhibitor has been
demonstrated to be effective in inducing a remarkable
regression of cervical carcinoma (48), targeted therapy may
also be applicable in patients with PIK3CA-mutant ISMC.
KRAS mutation has been shown to be an independent

predictor of disease recurrence in patients with cervical
carcinoma and exhibits significant association with shorter
DFS (49). In this study, one patient with KRAS-mutant ISMC
showed a poor response to preoperative CCRT and the
shortest DFS of 7 months. Similar to PIK3CA mutation,
although we cannot draw clinical significance of KRAS
mutation with only a single case, recent clinical trials
targeting KRAS have achieved encouraging outcomes in
patients with advanced non-small cell lung carcinoma,
colorectal carcinoma, and other solid tumors (50).

In summary, we analyzed the clinicopathological and
molecular characteristics of ISMC of the uterine cervix.
Careful morphological examination is critical for accurate
diagnosis, as ISMC may be unfamiliar to inexperienced
pathologists. Even experienced pathologists may find
challenging to distinguish ISMC from other subtypes of
endocervical adenocarcinoma. Frequent nodal and distant
metastases and poor response to CCRT, as well as
postoperative recurrences, indicate the aggressive behavior
of ISMC. The molecular profiles of ISMC appear
heterogeneous and similar to those of other cervical
carcinomas. Most importantly, all tumors displayed PD-L1
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over-expression. Immune checkpoint inhibitors against PD-
L1/PD-1 may be applicable to patients with ISMC.
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