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Abstract
Dedifferentiated/undifferentiated endometrial carcinoma (DDEC/UEC) is an endometrial cancer characterized by
the presence of histologically undifferentiated carcinoma. Genomic inactivation of core switch/sucrose non-
fermentable (SWI/SNF) complex proteins was recently identified in approximately two-thirds of DDEC/UEC. The
aim of this study was to delineate the clinical behavior of SWI/SNF-deficient DDEC/UEC in comparison to
SWI/SNF-intact DDEC/UEC. The study cohort consisted of 56 SWI/SNF-deficient DDEC/UEC (2 POLE-mutated),
which showed either SMARCA4 (BRG1) loss, ARID1A/1B co-loss, or SMARCB1 (INI1) loss in the undifferentiated
tumor, and 26 SWI/SNF-intact DDEC/UEC (4 POLE-mutated). The average age at diagnosis was 61 years for
patients with SWI/SNF-deficient tumors and 64 years for SWI/SNF-intact tumors. Mismatch repair (MMR) pro-
tein deficiency was seen in 66% of SWI/SNF-deficient and 50% of SWI/SNF-intact tumors. At initial presenta-
tion, 55% of patients with SWI/SNF-deficient tumors had extrauterine disease spread in contrast to 38% of
patients with SWI/SNF-intact tumors. The 2-year disease specific survival (DSS) for stages I and II disease was
65% for SWI/SNF deficient tumors relative to 100% for SWI/SNF-intact tumors (p = 0.042). For patients with
stages III and IV disease, the median survival was 4 months for SWI/SNF-deficient tumors compared to
36 months for SWI/SNF-intact tumors (p = 0.0003). All six patients with POLE-mutated tumors, including one
with stage IV SWI/SNF-deficient tumor were alive with no evidence of disease. Among the patients with
advanced stage SWI/SNF-deficient tumors, 68% (21 of 31) received adjuvant or neoadjuvant chemotherapy
(platinum/taxane-based) and all except the patient with a POLE-mutated tumor (20 of 21) experienced disease
progression either during chemotherapy or within 4 months after its completion. These findings show that core
SWI/SNF-deficiency defines a highly aggressive group of undifferentiated cancer characterized by rapid disease
progression that is refractory to conventional platinum/taxane-based chemotherapy. This underscores the
importance of accurate clinical recognition of this aggressive tumor and the need to consider alternative systemic
therapy for these tumors.
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Introduction

Dedifferentiated/undifferentiated endometrial carci-
noma (DDEC/UEC) is defined in the 2020 World
Health Organization (WHO) classification as a malig-
nant epithelial neoplasm with no overt cell lineage dif-
ferentiation [1]. In the case of dedifferentiated carcinoma,
the undifferentiated carcinoma occurs in combination
with a clonally related typically International Federation
of Gynecology and Obstetrics (FIGO) grade 1 or 2 endo-
metrioid-type carcinoma [2,3], though the association
with high-grade endometrioid-type carcinoma also
occurs, albeit less commonly [4]. Studies that employed
centralized pathology review using strict histologic
criteria have demonstrated an aggressive clinical behavior
for DDEC/UEC, with significantly worse outcome than
International Federation of Gynecology and Obstetrics
(FIGO) grade 3 endometrioid carcinoma [2,5–7]. There
are however inherent practical diagnostic challenges in
separating FIGO grade 3 endometrioid carcinoma from
an undifferentiated carcinoma histologically.
Genetically, DDEC/UEC frequently arises in a micro-

satellite unstable (MSI-H)/mismatch repair (MMR) protein
deficient setting [8–10]. In a series of recent studies, we
and others identified frequent genomic inactivation of core
components of SWI/SNF chromatin-remodeling complex
which resulted in the loss of expression of the
corresponding proteins in about two-thirds of DDEC/UEC
[2,10–14]. In the case of DDEC, the inactivating mutation
and consequent protein loss was only observed in the
undifferentiated carcinoma and not in the corresponding
clonally related differentiated endometrioid carcinoma
component [2,3]. Loss of activity of these core SWI/SNF
complex proteins is expected to abrogate function of the
SWI/SNF complex, resulting in dysregulated chromatin
remodeling and transcriptional control. While additional
functional studies are needed to confirm a causal relation-
ship between core SWI/SNF protein inactivation and the
development of DDEC/UEC, there are several examples
linking core SWI/SNF protein inactivation and the devel-
opment of histologically and immunophenotypically
undifferentiated malignancy. These include SMARCB1
(protein also known as INI1) inactivation in malignant
rhabdoid tumor, atypical rhabdoid/teratoid tumor, epitheli-
oid sarcoma and undifferentiated sinonasal carcinoma, and
SMARCA4 (protein also known as BRG1) inactivation in
small cell carcinoma hypercalcemic-type of the ovary,
SMARCA4-deficient uterine sarcoma/malignant rhabdoid
tumor of the uterus, rhabdoid undifferentiated lung carci-
noma and gastrointestinal tract carcinoma [15–26].
Clinically, we observed in our initial studies a trend

for SWI/SNF-deficient DDEC/UEC to be associated

with worse disease-specific survival (DSS) compared
to SWI/SNF-intact DDEC/UEC [2,11,12]. This sug-
gests potentially important biologic differences
between these tumors. Moreover, there has been grow-
ing development in drugs targeting chromatin remo-
deling, which has demonstrated efficacy in targeting
tumors harboring SWI/SNF deficiency [27–29]. The
current study aims to gain a better understanding of the
clinical behavior of SWI/SNF-deficient DDEC/UEC
in comparison to morphologically defined DDEC/UEC
without detectable SWI/SNF alterations herein designated
as SWI/SNF-intact DDEC/UEC.

Materials and methods

Study cohorts
The retrospective study included 82 cases of DDEC/
UEC (64 of the 82 cases were previously described by
our group) [11,12]. These cases were identified
through institutional pathology database search at Van-
couver General Hospital (Vancouver, Canada), Royal
Alexandra Hospital (Edmonton, Canada), Calgary
Laboratory Services (Calgary, Canada), Memorial
Sloan Kettering Cancer Centre (New York, NY, USA)
and King Edward Memorial Hospital (Perth,
Australia). All of the endometrial carcinomas included
in this study were centrally reviewed (MK and CHL),
fulfilling the morphologic features described by Silva
et al [5,6] Clinical information including demo-
graphics, staging (FIGO; International Federation of
Gynecology and Obstetrics), treatment and disease
course was obtained through review of medical
records. The study was approved by the Institutional
Review Boards (University of Alberta, Pro00042667).

Immunohistochemistry
The expression of SMARCA4 (BRG1), SMARCB1
(INI1), ARID1A, ARID1B, and MMR proteins –

MLH1, MSH2. MSH6, and PMS2 were examined in
64 reported cases by immunohistochemistry [2,11]. The
same immunohistochemical analysis was performed on
the additional 18 cases. Immunohistochemistry was per-
formed on whole tissue sections. The slides were incu-
bated with antibodies to ARID1A (1:200, HPA005456,
Sigma, Oakville, Canada), ARID1B (1:100, clone 2D2,
H00057492-M01, Abnova, Taipei, Taiwan), SMARCA4
(1:25, clone EPNCIR111A, ab110641, Abcam, Toronto,
Canada), and SMARCB1 (1:50, 25/BAF47, 612 110,
BD Biosciences, Mississauga, Canada); SMARCA4 and
SMARCB1 were processed using Ventana Benchmark
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XT (Ventana Medical Systems, Tucson, AZ, USA),
while ARID1A and ARID1B were processed using
Dako Omnis Autostainer (Dako Canada ULC, Missis-
sauga, Canada). The detection system used was the
Bond polymer refine (Leica Microsystems, Wetzlar,
Germany). For MMR proteins, the slides were incubated
with MLH1 (DAKO clone ES05 1:100, Mississauga,
Canada), MSH2 (NCL clone 25D12 prediluted, Con-
cord, ON, Canada), MSH6 (BD Bioscience 44/MSH6
1:2000, Mississauga, Canada), PMS2 (BD Bioscience
A16-4 1:100, Mississauga, Canada), and processed
using the Leica Bond Max platform (Leica Micro-
systems, Wetzlar, Germany) as per manufacturer’s pro-
tocol with proprietary reagents. For interpretation, only
nuclear protein expression in the undifferentiated carci-
noma was assessed and the tumor was scored as show-
ing intact expression if any tumor cell nuclei showed
nuclear staining and deficient if the tumor nuclei were
unstained in the presence of internal positive control
immunoreactivity.

POLE exonuclease domain mutation analysis
DNA extraction and analysis from formalin fixed paraf-
fin embedded (FFPE) tumor samples were performed as
previously described [30]. DNA purity and yield were
determined using a NanoDrop 2000c spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA). Primer
sets that cover the exonuclease domain of POLE in
which mutations were previously identified in endome-
trial carcinomas were used to amplify exonuclease
domain genomic regions – exon 9 (forward: 50-TGTT
CAGGGAGGCCTAA TGG-30; reverse: 50-AACAAA
TACTAACAGTGGGG-30), exon 10 (forward: 50-GCTG
CAATTCTGATCTGACG-30; reverse: 50-CAGCCTC
TGACTTGTGCTGA-30), exon 11 (forward: 50-CTTCT
GAACTTTGGGAGAGG-30; reverse: 50-CACCTCC
TAAGTCG ACATGG-30), exon 12 (forward: 50-GCAT
TAGAGCCTGACCTGC-30; reverse: 50-ACAGCACA
GTCTGCAAGAGG-30), exon 13 (forward: 50-CGGGA
TGTGGCTTAC GTGC-30; reverse: 50-TTGCATCT
GTCTGTGTGGTG-30), exon 14 (forward: 50-TCTGT
GCTTCACACTTGACC-30; reverse: 50-GACATCCAC
CTCCATTCAGC-30). PCR amplifications were per-
formed as previously described using 50 ng genomic
DNA and the primer sets using High-Fidelity Tag DNA
polymerase (Invitrogen, Carlsbad, CA, USA). PCR
amplicons were then purified using Axygen™ AxyPrep
Mag™ PCR Clean-up Kits according to manufacturer’s
protocol (Axygen Biosciences, Union City, CA, USA)
and resuspended in 30ul double-distilled water. Direct
bi-directional sequencing was performed on a 3730xl

DNA Analyzer (Applied Biosystems, Carlsbad, CA,
USA) with 96 capillaries.

Statistical analysis
Univariate disease-specific survival analysis was per-
formed by generating Kaplan–Meier curves and log-
rank statistics were applied (WinStat). A P-value
<0.05 was considered statistically significant.

Results

Clinical and pathologic features
This study examined 56 patients with SWI/SNF-
deficient DDEC/UEC and 26 patients with SWI/SNF-
intact DDEC/UEC (Table 1). The most common
presenting symptom was post-menopausal bleeding
(82%), followed by menorrhagia in 11% and abdominal
pain in 5% of the patients. Of the patients with preoper-
ative endometrial sampling, the diagnosis of DDEC/
UEC was made or suggested in 41% of cases; the diag-
noses in the remaining cases were variable, including
grade 1 and 2 endometrioid carcinoma, high-grade
endometrial carcinoma (NOS), carcinosarcoma, high-
grade epithelioid malignancy and high-grade endome-
trial stromal sarcoma. All undifferentiated tumors were
composed of a proliferation of medium-sized, monoto-
nous, epithelioid cells growing in solid sheets with no
specific pattern (Figure 1A).
The average age at diagnosis for patients with

SWI/SNF-deficient tumors was 61 years (ranging from
26 to 85 years) compared to 64 years (ranging from 39 to
93 years) for SWI/SNF-intact tumors (p = 0.39, t-test)
and the majority of patients were post-menopausal
(Figure 1B). Of the 56 SWI/SNF-deficient DDEC/UEC,
42 were DDEC and 14 were UEC. The differentiated car-
cinoma components of the 42 SWI/SNF-deficient DDEC
were as follows: 32 were grade 1 endometrioid, 6 were
grade 2 endometrioid, 3 were grade 3 endometrioid
and 1 was serous (abnormal p53 null mutation-type pat-
tern in both serous and undifferentiated components).
28 tumors showed SMARCA4 loss, 25 showed co-loss
of ARID1A and ARID1B, and 3 showed SMARCB1
loss in the undifferentiated tumor. In the 14 SWI/SNF-
deficient UEC, 10 showed co-loss of ARID1A and
ARID1B, 3 showed loss of SMARCA4 (1 MMR-defi-
cient) and 1 showed loss of SMARCB1 (MMR-deficient).
Two SWI/SNF-deficient DDEC/UEC harbored POLE
exonuclease domain mutation (both POLE V411L
hotspot) – a SMARCB1-deficient DDEC (FIGO IA) and
an ARID1A/1B-deficient DDEC (FIGO IVB).
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Of the 26 SWI/SNF-intact DDEC/UEC, 11 were
DDEC and 15 were UEC. The differentiated carci-
noma components in the 11 SWI/SNF-intact DDEC
were grade 1 endometrioid in 4, grade 2 endometrioid
in 4, grade 3 endometrioid in 1 and serous (abnormal
p53 overexpression mutation-type pattern in both
serous and undifferentiated components) in 2 cases.
Three SWI/SNF-intact DDEC harbored POLE muta-
tions (two P286R and one V411L) (all with stage I
disease – pT1 and N0) and one SWI/SNF-intact UEC
harbored a POLE mutation (P286R) (FIGO IVB with
mesenteric tumor metastasis).
With regards to MMR protein status, 37 of

56 (66%) SWI/SNF-deficient tumors were MMR
protein-deficient (34 with loss of MLH1 and PMS2,
and 3 showing isolated loss of PMS2), while 13 of
26 (50%) SWI/SNF-intact tumors were MMR-
deficient (7 with loss of MLH1 and PMS2, 4 with iso-
lated loss of PMS2, 1 with loss of MSH2 and MSH6,
and 1 with loss of MSH6). Both SWI/SNF-deficient
tumors with POLE mutation were MMR-intact. Two
the 4 SWI/SNF-intact tumors with POLE mutation
were MMR-deficient, with one showing isolated
PMS2 loss and the other showing isolated MSH6 loss.

Clinical outcome and response to treatment
In terms of tumor stage, 31 of 56 (55%) patients with
SWI/SNF-deficient DDEC/UEC presented with
advanced stage (stage III or IV) disease (Table 1). 14 of
the 22 stage I and 1 of 3 stage II patients had lymph
node staging performed. In comparison, 11 of 26 (42%)
of patients with SWI/SNF-intact DDEC/UEC presented
with advanced stage disease. The 2-year disease specific
survival (DSS) for stage I-II disease was 65% for
SWI/SNF-deficient tumors compared to 100% for
SWI/SNF-intact tumors (Figure 2A; p = 0.042). All
eight patients (33%) with stage I or II SWI/SNF-

Table 1. Clinicopathologic features of the study cohort of
dedifferentiated/ undifferentiated endometrial carcinomas.

SWI/SNF-
deficient (n = 56)

SWI/SNF-intact
(n = 26)

Age, years (range) 61 (26–85) 64 (39–93)
FIGO stage
IA 12 (21%) 6 (23%)
IB 10 (18%) 7 (27%)
II 3 (5%) 2 (8%)
III 15 (27%) 7 (27%)
IV 16 (29%) 4 (15%)

MMR status
Intact 18 12
Deficient 38 14

POLE status (exonuclease domain)
Mutated 2 (stages I and IV) 4 (stages I, I, I and IV)
WT 54 22

SWI/SNF status
SMARCA4-deficient 28 0
ARID1A/1B co-
deficient 25 0

SMARCB1-deficient 3 0
Status at last follow-up
DOD 38 10
AWD 0 1*

DOOC 0 2
NED (≥1 year) 17 11
NED (<1 year) 1 2

AWD, alive with disease; DOD, died of disease; DOOC, died of other cause;
NED, no evidence of disease.
*AWD at 7 months.

Figure 1. Clinicopathologic features of SWI/SNF-deficient and
SWI/SNF-intact dedifferentiated/undifferentiated endometrial
carcinomas (A). Representative histopathology and SWI/SNF pro-
tein immunostaining of SMARCA4-deficient, ARID1A/ARID1B-
deficient and SWI/SNF-intact tumors. (B). Age distribution of
SWI/SNF-deficient tumors (n = 56) (black bars) and SWI/SNF-
intact tumors (n = 26) (gray bars).
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deficient tumors who developed disease recurrence died
from progressive disease usually within a year of initial
diagnosis. In contrast, only one patient (8%) with stage
I or II SWI/SNF-intact tumors died from the disease,
3 years after initial diagnosis.
For patients with stages III and IV disease, the

2-year disease specific survival was 3% for SWI/SNF-
deficient tumors compared to 61% for SWI/SNF-intact
tumors (Figure 2B, p = 0.0003), and the median sur-
vival was 4 months for SWI/SNF-deficient tumors
compared to 36 months for SWI/SNF-intact tumors.

Nearly all of the patients (30 of 31) with stage III and
IV SWI/SNF-deficient tumors died from their disease,
except for one patient with stage IV ARID1A/1B-
deficient tumor that also harbored a POLE V411L
mutation. As seen in those who experienced recurrent/
progressive disease in early stage setting, all patients
succumbed to their progressive disease usually within
a year after initial diagnosis (with a median DSS of
about 5 months). In contrast, while 7 of 11 patients
with stage III and IV SWI/SNF-intact tumors died
from their disease, disease progression was slower
with a median DSS of 36 months. Among SWI/SNF-
deficient DDEC/UEC, there was no significant associ-
ation between MMR protein status (deficient versus
proficient) and DSS in the early stage setting (2-year
DSS of 60% for MMR-intact and 66% for MMR
protein-deficient tumors; p = 0.75) or in the advanced
stage setting (2-year DSS of 7% for MMR protein-
intact and 0% for MMR protein-deficient tumors;
p = 0.46) (data not shown).
Treatment information and accompanying clinical

outcome of SWI/SNF-deficient cases are summarized
diagrammatically in supplementary material,
Figure S1. Platinum-based chemotherapy (adjuvant or
neoadjuvant) was used typically in combination with
taxane. Of the 22 patients with stage I disease,
3 refused adjuvant treatment; 2 of these 3 patients
were alive with no evidence of disease at 33 and
42 months respectively and one experienced rapidly
progressive pelvic recurrence and succumbed to her
disease 13 months after initial diagnosis. Adjuvant
therapy was not offered for one patient because the
tumor was initially diagnosed as a FIGO grade 2 endo-
metrioid carcinoma (pT1a without lymph node stag-
ing); 6 months after initial diagnosis she developed
biopsy-proven disseminated disease to lung with
extensive mediastinal, abdominal and pelvic lymph-
adenopathy, and she succumbed to her disease at
8 months. Seven patients received adjuvant brachy-
therapy only, with one patient experiencing vaginal
recurrence 6 months later; this patient refused addi-
tional therapy and succumbed to her disease 4 months
after her vaginal recurrence. One patient received neo-
adjuvant chemotherapy (3 cycles of carboplatin and
taxol) followed by interval total hysterectomy and
bilateral salpingo-oophorectomy with pelvic lymph
node dissection. The uterine tumor showed no signifi-
cant pathologic response to neoadjuvant chemotherapy
and adjuvant chemotherapy was given. This patient
was found to have recurrent/progressive disease about
2 months after her surgery (and after two cycles of
adjuvant chemotherapy) with recurrent pelvic/abdomi-
nal tumor and she succumbed to her disease shortly

Figure 2. Kaplan–Meier disease-specific survival analysis of
dedifferentiated/undifferentiated endometrial carcinomas strati-
fied by SWI/SNF protein status in (A) the early stage setting
(FIGO stage I and II) and (B) the advanced stage setting (FIGO
stage III and IV) (gray-colored line: SWI/SNF-intact tumors;
black-colored line: SWI/SNF-deficient tumors).
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after. Three patients received adjuvant chemotherapy
and one (pT1a N0) experienced rapid disease recur-
rence/progression during chemotherapy with abdomi-
nal/pelvic/mediastinal lymphadenopathy and lung
metastases and succumbed to her disease. The
remaining seven patients with stage I disease received
adjuvant chemotherapy (ranging from 3 to 6 cycles of
platinum/taxane) and external beam radiation therapy.
Five of these seven patients were alive with no evi-
dence of disease over a year after initial diagnosis; the
other two succumbed to recurrent disease with one
patient experiencing recurrent disease during chemo-
therapy (radiologic evidence of paraaortic lymph
node, adrenal and lung metastasis) and the other
patient experiencing recurrent disease 2 months after
completing her chemotherapy with progressive para-
aortic/mediastinal lymphadenopathy. Of the three
patients with stage II disease, one received adjuvant
chemotherapy but experienced disease recurrence
during therapy with abdominal lymph node and
hepatic metastases; this patient succumbed to the dis-
ease 7 months after initial diagnosis. Two patients
declined adjuvant treatment. One had no evidence of
disease after 9 months of follow-up and one was lost
to follow-up at 3 months with no evidence of
disease.
Among the 31 patients with advanced stage disease,

9 did not receive any adjuvant therapy because of
rapid disease progression (widespread metastases in
4, locoregional in 2 and details not available in 3); one
refused treatment and experienced rapid disease pro-
gression, 4 received neoadjuvant platinum/taxane che-
motherapy (all with stage IV disease) and none
showed radiologic improvement according to RECIST
1.1 criteria with death from progressive disease within
3 months of initial presentation. 17 patients with
stage III/IV disease received adjuvant chemotherapy
(platinum/taxane), including 7 stage III and 3 stage IV
patients who also received pelvic external beam radia-
tion therapy, and all experienced progressive meta-
static disease outside the radiation field. 12 of
17 patients experienced progressive disease during
chemotherapy while 4 patients experienced disease
progression within 3 months after cessation of chemo-
therapy. One stage IV patient with a POLE mutated
tumor was alive with no evidence of disease after
2 years of follow-up.
The most common sites of extrauterine tumor spread

(at initial presentation or with progressive disease)
included lymph nodes (abdominal/pelvic), adnexa and
abdominal/pelvic soft tissue (omentum and parame-
trium), while metastases to lung (9 patients), adrenal
gland (6 patients), brain (6 patients), bone (4 patients),

and liver (3 patients) were documented in a subset of
patients.

Discussion

The existence of undifferentiated carcinoma of the
endometrium has long been recognized in the pathol-
ogy and clinical literature, but it was not until 2005
that Silva et al helped to define the diagnostic morpho-
logic features of DDEC/UEC [5,6,31]. The proposed
histologic definition formed the basis for the current
World Health Organization (WHO) definition of
DDEC/UEC. Using the histologic criteria defined,
DDEC/UEC behave in a more aggressive manner than
FIGO grade 3 endometrioid-type carcinoma
(a frequent histologic mimic of DDEC/UEC) [5,31].
However, accurate distinction between solid areas of
high-grade carcinomas such as FIGO grade 3 endo-
metrioid carcinoma, serous carcinoma, or carcinosar-
coma and UEC remains a constant challenge for
pathologists, both on biopsy and surgical samples. We
recently identified a number of molecular alterations
that appear to account for the development of UEC
(dedifferentiation in the case of DDEC) [2,11,12]. The
majority of DDEC/UEC harbor inactivating mutations
involving core components of SWI/SNF complex with
SMARCA4 and ARID1A/ARID1B being most com-
monly inactivated, resulting in absent expression of
corresponding proteins in the undifferentiated tumor.
These genetic insights provide the opportunity to
molecularly define DDEC/UEC based on the presence
of core SWI/SNF protein deficiency. In our current
study cohort with centralized pathology review, we
observed significant differences in clinical behavior
between SWI/SNF-deficient versus SWI/SNF-intact
DDEC/UEC. First, SWI/SNF-deficient DDEC/UEC
more frequently presents with extrauterine spread, and
for patients with tumor confined to the uterus at initial
clinical and surgical staging, a higher proportion
develop progressive disease compared to SWI/SNF-
intact DDEC/UEC. Second, SWI/SNF-deficient
DDEC/UEC progresses more rapidly compared to
SWI/SNF-intact DDEC/UEC. If one excludes the rare
POLE-mutated SWI/SNF-deficient tumors, all patients
with stage III or IV SWI/SNF-deficient DDEC/UEC
succumbed to their disease within (about) a year after
initial presentation. Of the patients with stage I or II
SWI/SNF-deficient DDEC/UEC (at presentation) who
experienced subsequent recurrence/progression, all
succumbed to the disease within (about) a year after
initial presentation. In comparison, while the majority
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of patients with stage III or IV SWI/SNF-intact
DDEC/UEC succumbed to their disease, about half
occurred more than 2 years after initial presentation,
and the same slower disease progression was also
observed for the small subset of stage I/II patients with
progressive/recurrent SWI/SNF-intact DDEC/UEC.
This clinical trajectory for progressive SWI/SNF-intact
DDEC/UEC more closely resembles that observed for
advanced stage FIGO grade 3 endometrioid carcinoma
than that of SWI/SNF-deficient DDEC/UEC [32,33],
which casts doubts whether SWI/SNF-intact DDEC/UEC
are truly undifferentiated cancer. It is likely that, despite
centralized histologic review that adheres to the histo-
logic criteria in this study, many of the cases included
in the SWI/SNF-intact group may in fact be FIGO
grade 3 endometrioid-type carcinomas. For instance,
MMR-deficient endometrioid carcinoma can some-
times display more solid growth with prominent lym-
phocytic infiltrates that can mimic UEC. In addition,
with autolysis artifact that is seen in some hysterec-
tomy specimens, it can be difficult to distinguish the
solid growth pattern of FIGO grade 3 or even grade
2 from truly undifferentiated carcinomas based on
histology alone, leading to a degree of subjectivity
and variability in diagnosis. The observed difference
in clinical behavior between SWI/SNF-deficient and
SWI/SNF-intact DDEC/UEC reinforces the need for a
molecular definition. We believe that a morphologically
suspected UEC should be molecularly confirmed by the
absence of SMARCA4, ARID1B, or SMARCB1 expres-
sion in the undifferentiated component to establish a
diagnosis of SWI/SNF-deficient DDEC/UEC which sig-
nifies a highly aggressive clinical course. It is important
to note that there may be additional and novel genomic
mechanisms of core SWI/SNF protein inactivation in
DDEC/UEC that can be associated with the same aggres-
sive clinical behavior as seen in SMARCA4/ARID1B/
SMARCB1-deficient DDEC/UEC. We however believe
that these additional mechanism(s), if present, would
only be involved in rare cases of DDEC/UEC, based on
our prior studies that genetically screened 43 DDEC
for mutations in all SWI/SNF complex proteins (impli-
cated in human cancer development) which identified
only genomic inactivation of SMARCA4, ARID1B, and
SMARCB1 as recurrent events [2,11].
In the present cohort of SWI/SNF-deficient

DDEC/UEC, we found that all stage I/II patients
with recurrent disease and all patients presenting
with extrauterine tumor spread (stage III or IV dis-
ease, excluding the single stage IV case with POLE
mutation) succumbed to their disease within a year
after initial diagnosis. Long term survival is seen in
the stage I/II setting only when the tumor has not

recurred in the first year. Conventional platinum/
taxane-based chemotherapy appears to be completely
ineffective in patients with extrauterine disease as pro-
gression during chemotherapy (in the neoadjuvant or
adjuvant setting) or shortly after the completion of
chemotherapy (within 3 months) was seen in all cases.
The addition of pelvic external beam radiation therapy
in patients with stage III disease due to lymph node
involvement does not appear to prevent systemic dis-
ease spread/progression. In patients with organ-
confined disease at presentation, it is unclear whether
adjuvant radiation therapy such as brachytherapy or
adjuvant chemotherapy provides any survival benefit
given the limited sample size and the retrospective
nature of this study. However, irrespective of the use
of adjuvant therapy, a subset of patients with stage I
or II disease experience local or distant recurrence that
is rapidly progressive. These findings clearly illustrate
the ineffectiveness of platinum/taxane-based chemo-
therapy in the treatment of advanced stage SWI/SNF-
deficient DDEC/UEC and underscore the need to
consider other systemic therapy options. Based on the
known biology of these tumors, there are two potential
therapeutic approaches that warrant immediate consid-
eration. One pertains to the MMR protein-deficient/
microsatellite-unstable molecular context present in
the majority of SWI/SNF-deficient DDEC/UEC. Given
the expanded indication for immunotherapy of MMR
protein-deficient tumors, immune check point inhibi-
tors may be considered as first line or second line sys-
temic treatment option for SWI/SNF-deficient DDEC/
UEC that are also MMR protein-deficient. Moreover,
three recent studies have examined the expression of
PD-L1 in DDEC/UEC and all reported PD-L1 expres-
sion in tumor and/or stromal immune cells in about
half of the cases examined, which correlated with
MMR deficiency status [34–36]. Early evidence also
suggests that alterations within the SWI/SNF complex
could be a predictive marker of response to checkpoint
inhibitors [37,38]. However, to date there is no publi-
shed preclinical or clinical evidence demonstrating
that immunotherapy can improve the survival in this
subset of DDEC/UEC patients. Moreover, it is unclear
whether dedifferentiation alters tumor-stromal immune
cell interaction in MMR protein-deficient endometrial
carcinoma. Nonetheless, in the absence of an alterna-
tive effective systemic treatment option, immunother-
apy should be urgently evaluated as treatment for
this disease. Another biologically rational therapeutic
approach is to exploit the presence of core SWI/SNF
protein deficiency with drugs targeting chromatin rem-
odeling/epigenetic regulation. This includes inhibitors
that target polycomb complex proteins (i.e. EZH2
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inhibitor). At present, there are encouraging preclinical
data showing sensitivity of human tumors with core
SWI/SNF protein inactivation to EZH2 inhibition
[27–29]. There are also ongoing early phase clinical
trials evaluating the effectiveness of EZH2 inhibition in
advanced stage solid tumor and/or tumors harboring
core SWI/SNF protein deficiency. Given the preclinical
evidence, enrolling patients with SWI/SNF-deficient
DDEC/UEC in these trials may also be a reasonable
option. However, as shown here, SWI/SNF-deficient
DDEC/UEC is frequently rapidly progressive and
timely access/entry to clinical trials should be an impor-
tant consideration.
It is worth noting that the recently described

SMARCA4-deficient uterine sarcoma (malignant
rhabdoid tumor of the uterus) can share histologic,
immunophenotypic and genetic overlap with the
undifferentiated component of DDEC or UEC [25,26].
In our present cohort of SWI/SNF-deficient UEC, the
majority (10 of 14) showed loss of ARDI1A and
ARID1B, which has not been reported in rhabdoid
uterine sarcoma. Among the remaining 4 SWI/SNF-
deficient UEC, 1 of 3 SMARCA4-deficient tumors, and
1 SMARCB1-deficient tumor were MMR-deficient and
none of the reported cases of SMARCA4-deficient
rhabdoid uterine sarcoma occur in a MMR protein-
deficient context. This leaves only 2 SWI/SNF-deficient
UEC in this cohort of SWI/SNF-deficient DDEC/UEC
with potential overlap with SMARCA4-deficient uterine
sarcoma. In the initial cohort of 5 SMARCA4-deficient
uterine sarcomas described by Kolin et al [25], 4 cases
had advanced stage disease (stage III or IV) while stag-
ing information was not available for the fifth case
(though it likely was advanced in stage as only biopsy
was performed and the patient succumbed to her dis-
ease 1 month after the biopsy), and the median survival
was reported as 7 months (1–43 months). Our findings
here demonstrate that SWI/SNF-deficient DDEC/UEC
also behaves at least as aggressively in the advanced
stage setting with median disease-specific survival of
4 months. Aside from the demonstration of MMR pro-
tein deficiency that favors UEC, there are currently no
reliable immunohistochemical markers that can be used
to differentiate between SMARCA4-deficient (and
MMR protein-intact) UEC from SMARCA4-deficient
uterine sarcoma. This includes claudin-4 as we have
shown that the undifferentiated carcinoma component
of SWI/SNF-deficient DDEC almost always lacks
claudin-4 expression [12].
Based on the results presented here, we would advo-

cate for the use of SMARCA4, ARID1B, and
SMARCB1 immunohistochemistry and POLE exonu-
clease domain mutation analysis in histologically

compatible or suspected DDEC/UEC. This would
enable pathologists and oncologists to identify clini-
cally highly aggressive DDEC/UEC characterized by
SWI/SNF-deficiency and WT POLE status. For
patients with optimally surgically staged stage I/II dis-
ease, close radiologic follow-up with abdomen/pelvis/
chest imaging is strongly recommended every 3 months
for the first year, irrespective of whether adjuvant ther-
apy is given or not. The imaging interval may be short-
ened for incompletely staged patients with apparent
stage I/II disease. For stage I/II patients with recurrent
disease and for stage III/IV patients, immunotherapy
(for patients with MMR-deficient tumors) and/or enroll-
ment in clinical trials evaluating drugs targeting chro-
matin remodeling/epigenetic regulation should be
urgently considered. It is important to note that our
experience with SWI/SNF-deficient DDEC/UEC har-
boring hotspot POLE exonuclease domain mutation is
still very limited at present (two cases in this cohort).
Further studies are needed to confirm whether POLE
exonuclease domain mutation still imparts an excellent
prognosis in SWI/SNF-deficient DDEC/UEC, particu-
larly in the advanced stage setting.
In summary, we observed that core SWI/SNF pro-

tein deficiency defines a clinically highly aggressive
group of undifferentiated carcinomas. SWI/SNF-
deficient and POLE WT DDEC/UEC with extrauterine
spread is universally and rapidly fatal, and conven-
tional chemotherapy is ineffective in offering disease
control. These findings underscore the need to con-
sider defining highly clinically aggressive
undifferentiated carcinoma based on core SWI/SNF-
deficiency, and to consider close follow-up and alter-
native systemic treatment strategies in these cases.

Acknowledgement

This study was supported by a research fund from
Cancer Research Society of Canada. MK received
internal research support (Calgary Laboratory Services
– RS14513).

Author contributions statement

BT-C contributed to data collection/analysis and man-
uscript preparation. MC contributed to study design
and experimental analysis. MC, GSN, SH, RAS and
CJR contributed to data collection and manuscript
preparation. AL contributed to experimental analysis.

151SWI/SNF-deficient undifferentiated cancer

© 2020 The Authors. The Journal of Pathology: Clinical Research published by The Pathological Society
of Great Britain and Ireland & John Wiley & Sons, Ltd.

J Pathol Clin Res 2021; 7: 144–153



LMP, MK and C-HL contributed to study design, data
analysis and manuscript preparation.

References

1. WHO Classification of Tumours Editorial Board. Female Genital

Tumours. WHO Classification of Tumours Series, Volume 4 (5th edn).

International Agency for Research on Cancer: Lyon, France, 2020.

2. Karnezis AN, Hoang LN, Coatham M, et al. Loss of switch/sucrose

non-fermenting complex protein expression is associated with

dedifferentiation in endometrial carcinomas. Mod Pathol 2016; 29:
302–314.

3. Kuhn E, Ayhan A, Bahadirli-Talbott A, et al. Molecular characteri-

zation of undifferentiated carcinoma associated with endometrioid

carcinoma. Am J Surg Pathol 2014; 38: 660–665.
4. Busca A, Parra-Herran C, Nofech-Mozes S, et al. Undifferentiated

endometrial carcinoma arising in the background of high-grade

endometrial carcinoma – expanding the definition of

dedifferentiated endometrial carcinoma. Histopathology 2020.

5. Silva EG, Deavers MT, Bodurka DC, et al. Association of low-

grade endometrioid carcinoma of the uterus and ovary with

undifferentiated carcinoma: a new type of dedifferentiated carci-

noma? Int J Gynecol Pathol 2006; 25: 52–58.
6. Silva EG, Deavers MT, Malpica A. Undifferentiated carcinoma of

the endometrium: a review. Pathology 2007; 39: 134–138.
7. Li Z, Zhao C. Clinicopathologic and immunohistochemical charac-

terization of dedifferentiated endometrioid adenocarcinoma. Appl

Immunohistochem Mol Morphol 2015.

8. Broaddus RR, Lynch HT, Chen LM, et al. Pathologic features of

endometrial carcinoma associated with HNPCC: a comparison with

sporadic endometrial carcinoma. Cancer 2006; 106: 87–94.
9. Garg K, Shih K, Barakat R, et al. Endometrial carcinomas in

women aged 40 years and younger: tumors associated with loss of

DNA mismatch repair proteins comprise a distinct clinicopatho-

logic subset. Am J Surg Pathol 2009; 33: 1869–1877.
10. Stewart CJ, Crook ML. SWI/SNF complex deficiency and mis-

match repair protein expression in undifferentiated and

dedifferentiated endometrial carcinoma. Pathology 2015; 47:
439–445.

11. Coatham M, Li X, Karnezis AN, et al. Concurrent ARID1A and

ARID1B inactivation in endometrial and ovarian dedifferentiated

carcinomas. Mod Pathol 2016; 29: 1586–1593.
12. Kobel M, Hoang LN, Tessier-Cloutier B, et al. Undifferentiated

endometrial carcinomas show frequent loss of core switch/sucrose

nonfermentable complex proteins. Am J Surg Pathol 2018; 42:
76–83.

13. Ramalingam P, Croce S, McCluggage WG. Loss of expression of

SMARCA4 (BRG1), SMARCA2 (BRM) and SMARCB1 (INI1)

in undifferentiated carcinoma of the endometrium is not

uncommon and is not always associated with rhabdoid morphol-

ogy. Histopathology 2016; 70: 359–366.
14. Strehl JD, Wachter DL, Fiedler J, et al. Pattern of SMARCB1

(INI1) and SMARCA4 (BRG1) in poorly differentiated endo-

metrioid adenocarcinoma of the uterus: analysis of a series with

emphasis on a novel SMARCA4-deficient dedifferentiated

rhabdoid variant. Ann Diagn Pathol 2015; 19: 198–202.
15. Witkowski L, Carrot-Zhang J, Albrecht S, et al. Germline and

somatic SMARCA4 mutations characterize small cell carcinoma of

the ovary, hypercalcemic type. Nat Genet 2014; 46: 438–443.
16. Ramos P, Karnezis AN, Craig DW, et al. Small cell carcinoma of the

ovary, hypercalcemic type, displays frequent inactivating germline

and somatic mutations in SMARCA4. Nat Genet 2014; 46: 427–429.
17. Jelinic P, Mueller JJ, Olvera N, et al. Recurrent SMARCA4 muta-

tions in small cell carcinoma of the ovary. Nat Genet 2014; 46:
424–426.

18. Orvis T, Hepperla A, Walter V, et al. BRG1/SMARCA4 inactiva-

tion promotes non-small cell lung cancer aggressiveness by altering

chromatin organization. Cancer Res 2014; 74: 6486–6498.
19. Versteege I, Sevenet N, Lange J, et al. Truncating mutations of

hSNF5/INI1 in aggressive paediatric cancer. Nature 1998; 394:
203–206.

20. Modena P, Lualdi E, Facchinetti F, et al. SMARCB1/INI1 tumor

suppressor gene is frequently inactivated in epithelioid sarcomas.

Cancer Res 2005; 65: 4012–4019.
21. Biegel JA, Zhou JY, Rorke LB, et al. Germ-line and acquired

mutations of INI1 in atypical teratoid and rhabdoid tumors. Cancer

Res 1999; 59: 74–79.
22. Agaimy A, Koch M, Lell M, et al. SMARCB1(INI1)-deficient

sinonasal basaloid carcinoma: a novel member of the expanding

family of SMARCB1-deficient neoplasms. Am J Surg Pathol 2014;

38: 1274–1281.
23. Tessier-Cloutier B, Schaeffer DF, Bacani J, et al. Loss of

switch/sucrose non-fermenting complex protein expression in

undifferentiated gastrointestinal and pancreatic carcinomas.

Histopathology 2020; 77: 46–54.
24. Agaimy A, Daum O, Markl B, et al. SWI/SNF complex-deficient

undifferentiated/rhabdoid carcinomas of the gastrointestinal tract: a

series of 13 cases highlighting mutually exclusive loss of

SMARCA4 and SMARCA2 and frequent co-inactivation of

SMARCB1 and SMARCA2. Am J Surg Pathol 2016; 40: 544–553.
25. Kolin DL, Dong F, Baltay M, et al. SMARCA4-deficient

undifferentiated uterine sarcoma (malignant rhabdoid tumor of the

uterus): a clinicopathologic entity distinct from undifferentiated

carcinoma. Mod Pathol 2018; 31: 1442–1456.
26. Lin DI, Allen JM, Hecht JL, et al. SMARCA4 inactivation defines

a subset of undifferentiated uterine sarcomas with rhabdoid and

small cell features and germline mutation association. Mod Pathol

2019; 32: 1675–1687.
27. Januario T, Ye X, Bainer R, et al. PRC2-mediated repression of

SMARCA2 predicts EZH2 inhibitor activity in SWI/SNF mutant

tumors. Proc Natl Acad Sci U S A 2017; 114: 12249–12254.
28. Kim KH, Kim W, Howard TP, et al. SWI/SNF-mutant cancers

depend on catalytic and non-catalytic activity of EZH2. Nat Med

2015; 21: 1491–1496.
29. Wang Y, Chen SY, Karnezis AN, et al. The histone methyl-

transferase EZH2 is a therapeutic target in small cell carcinoma of

the ovary, hypercalcaemic type. J Pathol 2017; 242: 371–383.
30. Meng B, Hoang LN, McIntyre JB, et al. POLE exonuclease domain

mutation predicts long progression-free survival in grade 3 endometrioid

carcinoma of the endometrium. Gynecol Oncol 2014; 134: 15–19.

152 B Tessier-Cloutier et al

© 2020 The Authors. The Journal of Pathology: Clinical Research published by The Pathological Society
of Great Britain and Ireland & John Wiley & Sons, Ltd.

J Pathol Clin Res 2021; 7: 144–153



31. Altrabulsi B, Malpica A, Deavers MT, et al. Undifferentiated carci-

noma of the endometrium. Am J Surg Pathol 2005; 29: 1316–1321.
32. Tejerizo-Garcia A, Jimenez-Lopez JS, Munoz-Gonzalez JL, et al.

Overall survival and disease-free survival in endometrial cancer:

prognostic factors in 276 patients. Onco Targets Ther 2013; 9:
1305–1313.

33. Boruta DM 2nd, Gehrig PA, Groben PA, et al. Uterine serous and

grade 3 endometrioid carcinomas: is there a survival difference?

Cancer 2004; 101: 2214–2221.
34. Ono R, Nakayama K, Nakamura K, et al. Dedifferentiated endome-

trial carcinoma could be a target for immune checkpoint inhibitors

(anti PD-1/PD-L1 antibodies). Int J Mol Sci 2019; 20.
35. Hacking S, Jin C, Komforti M, et al. MMR deficient

undifferentiated/dedifferentiated endometrial carcinomas showing

significant programmed death ligand-1 expression (sp 142) with

potential therapeutic implications. Pathol Res Pract 2019; 215:
152552.

36. Al-Hussaini M, Lataifeh I, Jaradat I, et al. Undifferentiated endo-

metrial carcinoma, an immunohistochemical study including PD-

L1 testing of a series of cases from a single cancer center. Int J

Gynecol Pathol 2018; 37: 564–574.
37. Miao D, Margolis CA, Gao W, et al. Genomic correlates of

response to immune checkpoint therapies in clear cell renal cell

carcinoma. Science 2018; 359: 801–806.
38. Jelinic P, Ricca J, Van Oudenhove E, et al. Immune-active micro-

environment in small cell carcinoma of the ovary, hypercalcemic

type: rationale for immune checkpoint blockade. J Natl Cancer Inst

2018; 110: 787–790.

SUPPLEMENTARY MATERIAL ONLINE

Figure S1. Flow-chart diagrams depicting treatment and clinical outcome FIGO stage I and II patients, and FIGO stage III and IV patients with

SWI/SNF-deficient dedifferentiated/undifferentiated endometrial carcinomas.

153SWI/SNF-deficient undifferentiated cancer

© 2020 The Authors. The Journal of Pathology: Clinical Research published by The Pathological Society
of Great Britain and Ireland & John Wiley & Sons, Ltd.

J Pathol Clin Res 2021; 7: 144–153


	 SWI/SNF-deficiency defines highly aggressive undifferentiated endometrial carcinoma
	Introduction
	Materials and methods
	Study cohorts
	Immunohistochemistry
	POLE exonuclease domain mutation analysis
	Statistical analysis

	Results
	Clinical and pathologic features
	Clinical outcome and response to treatment

	Discussion
	Acknowledgement
	Author contributions statement
	References


