Modern Pathology (2019) 32:1168-1179

https://doi.org/10.1038/s41379-019-0251-7 o’ Ne

ARTICLE

TIM-3 in endometrial carcinomas: an immunotherapeutic target
expressed by mismatch repair-deficient and intact cancers

Margaret Moore' - Kari L. Ring? - Anne M. Mills ®?>

Received: 29 November 2018 / Revised: 15 January 2019 / Accepted: 15 January 2019 / Published online: 29 March 2019
© United States & Canadian Academy of Pathology 2019

Abstract

The checkpoint molecule TIM-3 is a target for emerging immunotherapies and has been identified on a variety of
malignancies. Mismatch repair-deficient endometrial carcinomas have demonstrated durable responses to other checkpoint
inhibitors due to high neoantigen loads and robust tumor-associated immune responses. However, little is known about TIM-
3 expression in this tumor type. Tumor-associated immune and tumoral expression of TIM-3 were evaluated by
immunohistochemistry on 75 endometrial carcinomas [25 MLHI promoter hypermethylated (MLH I-hypermethylated), 25
non-hypermethylated mismatch repair-deficient, and 25 mismatch repair-intact]. All cases showed at least focal immune
staining, but moderate and robust immune cell expression were more often observed in mismatch repair-deficient vs intact
cases [66 vs 12%, P = 0.00002]. While the majority (77%) of endometrial cancers showed >1% tumoral TIM-3 expression,
the MLHI-hypermethylated subset was more likely to demonstrate >5% tumoral staining when compared to both mismatch
repair-intact and non-methylated mismatch repair-deficient cancers [64 vs. 28% and 32%, respectively; P =0.02 and P =
0.05]. Within the non-methylated mismatch repair-deficient subset, high-level expression was most often associated with
MSHE6 loss. Across mismatch repair subgroups, tumoral TIM-3 expression was more common among intermediate and high-
grade vs. low-grade tumors using both the 1% (P =0.02) and 5% expression cut-offs (P = 0.02). In conclusion, tumoral
TIM-3 expression is common in both mismatch repair-intact and deficient endometrial cancers, with particularly high levels
of expression identified in the setting of MLHI-hypermethylation, MSH6 loss, and intermediate to high histologic grade.
Although focal immune cell expression was seen in all tumors, robust expression was significantly more common in the
context of mismatch repair deficiency. These data support a potential role for checkpoint inhibitors targeting TIM-3 in a
subset of endometrial cancers, including some mismatch repair-intact tumors which are not currently considered
immunotherapy candidates.

Introduction molecular context [1-5]. This therapeutic vulnerability is

reflected in tumor histologies, immunohistochemical pro-

Mismatch repair-deficient/microsatellite unstable tumors are
increasingly considered as candidates for immunotherapy,
and trials investigating agents targeting the PD-1/PD-L1
immune checkpoint pathway have shown efficacy in this
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files, and molecular signatures: mismatch repair-deficient
colorectal and endometrial carcinomas in particular
demonstrate dense infiltrates of cytotoxic T cells, elevated
neoantigen loads, and high-level expression of immune
markers such as PD-L1 [6-13].

Despite these promising developments, response to tar-
geted immunotherapy in solid tumors, including endo-
metrial carcinomas, remains limited to a restricted group of
patients [1, 14-18]. It is recognized that myriad immune
modulatory molecules contribute to the tumor micro-
environment, and that numerous mechanisms of immune
escape may lead to incomplete response or resistance to
monotherapy with immunotherapeutic agents [9, 14, 19—
21]. Alternative immunotherapeutic targets are therefore
under investigation both as independent agents and in
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combination with other immunotherapies to optimize effi-
cacy by more completely and precisely targeting the
tumoral immune microenvironment [15, 22, 23].

The immune checkpoint molecule T cell immunoglobulin
and mucin-domain containing-3 (TIM-3) is one such potential
target. TIM-3 suppresses immune activity using intracellular
signaling mechanisms that are distinct from the PD-1/PD-L1
pathway [24-28]. TIM-3 is known to be expressed on Thl
CD4+ T helper cells, CD8+ cytotoxic T cells, regulatory
T cells, and antigen-presenting cells [26, 27, 29, 30] and
exerts immunosuppressive effects by promoting cytotoxic T
cell exhaustion and increasing regulatory T cell activity [24,
29, 31]. TIM-3 expression has been demonstrated in the
immune microenvironment of a wide array of neoplasms,
including melanomas and gastric, urothelial, renal cell, cer-
vical, and prostatic carcinomas [27, 32-35], and several early
clinical trials of monoclonal antibodies against TIM-3 are
underway in advanced solid malignancies [clinical
trials.gov: NCTO03489343, NCT02817633, NCT03680508,
NCT03652077, NCT02608268].

The role of TIM-3 in endometrial carcinoma is still
relatively unexplored. In particular, the impact of tumor
grade in TIM-3 expression has not been well investigated,
nor have prior studies compared TIM-3 expression in
MLH I-hypermethylated cancers and non-methylated mis-
match repair-deficient cancers, which may be of interest
given that previous work has suggested that the immune
milieu can vary with the molecular mechanism of mismatch
repair-deficiency [8, 10, 36]. We herein investigate tumor
cell and tumor-associated immune cell expression of TIM-3
in mismatch repair-intact and deficient endometrial carci-
nomas with attention to these variables.

Materials and methods
Case selection

This retrospective study was approved by the institutional
review board of the University of Virginia. Whole sections of
formalin-fixed, paraffin-embedded tissue from 25 MLHI-
hypermethylated carcinomas, 25 non-methylated mismatch
repair-deficient carcinomas, and 25 mismatch repair-intact
carcinomas were assembled for evaluation. Clinical char-
acteristics were abstracted from the electronic medical record.
All cases were reviewed to confirm histologic typing and
grade: endometrioid carcinomas were graded according to the
three-tiered International Federation of Gynecology and
Obstetrics (FIGO) system (FIGO 1 = low-grade; FIGO 2 =
intermediate-grade; FIGO 3 =high grade), and de-
differentiated carcinomas and carcinosarcomas were categor-
ized as high-grade for statistical purposes. No serous endo-
metrial cancers were included in the study due to the absence

of this histotype among mismatch repair-deficient cancers in
our files. Pathologic stage and clinical characteristics were
abstracted from the electronic medical record.

Mismatch repair status

Mismatch repair deficiency was defined as the complete
absence of nuclear expression of MLH1 (clone ESO5, pre-
dilute; Leica Biosystems), PMS2 (clone MRQ-28Mab, pre-
dilute; Cell Marque), MSH2 (clone 25D12, predilute; Leica),
and/or MSH6 (clone 44 Mab, predilute; Cell Marque) within
tumor cells in the presence of intact control lymphocyte and
stromal staining. These immunostains were performed in the
University of Virginia Clinical Labs at the time of initial
diagnosis as part of the institution’s universal Lynch syn-
drome screening program. Additional testing for Lynch syn-
drome was performed according to the suggested algorithm
outlined by Mills and Longacre [37, 38]. Non-methylated
mismatch repair-deficient cases were defined as cases with
total nuclear loss of expression for mismatch repair proteins
MSH2, MSH6, and/or PMS2. Results from germline testing
for Lynch syndrome were obtained from the patient’s record
when available; cases with discordant immunohistochemistry
and germline testing results underwent microsatellite
instability testing (Promega MSI Analysis Kit, Mayo Clinic
Laboratories). MLHI-hypermethylated endometrial carcino-
mas were defined by loss of MLH1/PMS2 with confirmatory
MLHI promoter hypermethylation by pyrosequencing per-
formed in the University of Virginia molecular laboratory
(Epitech Bisulfite kit and MLH1 Primer Kit, cat # 97002,
Pyromark Q24, Qiagen).

TIM-3 immunohistochemistry

Immunohistochemical staining for TIM-3 (clone ab185703,
dilution 1:400; abcam) was performed on whole sections of
all 75 cases at the University of Virginia Biorepository and
Tissue Research Facility. Immunostaining was scored
manually at the microscope by two independent reviewers
(M.M. and A.M.). Tumoral TIM-3 was classified as positive
when membranous staining was present in 21% of tumor
cells, a threshold based on previously proposed cutoffs for
PD-1/PD-L1 [16, 17, 39], as there are no published criteria for
TIM-3. Positive staining was further semi-quantitatively
classified in the following subcategories: 1-5%, 6-10%,
11-25%, 26-50%, and >50%; these thresholds were selected
because they were included as cut-offs for multiple prior
studies performed on PD-L1 [16, 17, 39]. Tumor-associated
immune cell (lymphocyte and macrophage) staining for TIM-
3 was manually enumerated and averaged over 10 high power
fields (HPF). Only immune cells in direct contact with tumor
cells (intratumoral or directly peritumoral) were enumerated;
cells in underlying stroma distant from the tumor were not
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counted. Tumors were then semi-quantitatively grouped as
having absent, focal (1-20), moderate (20—40), or robust
(>40) tumor-associated immune staining. Lastly, cases with a
combined positive score (CPS) of >1 were identified: this
scoring system was recently developed for PD-L1, accounts
for both tumoral and tumor-associated immune staining
[positive tumor cells, lymphocytes, and macrophages)/
(total viable tumor cells) x 100], and has been associated with
predictive response to anti-PD-1 checkpoint inhibition in a
variety of tumor types including gastric and gastroesophageal
junctional carcinomas, small cell carcinomas, and recurrent
cervical squamous carcinomas [40-42]. Tonsillar tissue was
enlisted as the control, with scattered immune cell staining
and squamous epithelial cell staining representing the
expected pattern of expression.

Statistics

Descriptive statistics were calculated for variables of inter-
est. Statistical analysis was performed using the two-tiered
Fisher Exact Test for categorical variables and a one way
ANOVA for continuous variables with SPSS statistics,
version 25 (IBM, Armonk, NY).

Results

The 75 cancers were comprised of 67 endometrioid carcino-
mas (30 FIGO 1, 21 FIGO 2, 16 FIGO 3), six dedifferentiated
carcinomas, and two carcinosarcomas. All 25 MLHI-hyper-
methylated cases were MLH1/PMS2-deficient and confirmed
on PCR-based MLH1 hypermethylation testing. The 25 non-
methylated mismatch repair-deficient cases were comprised of
eight cases with MSHG6 loss, 12 cases with dual MSH2/6
loss, four cases with PMS2 loss, and one case with MLH1/
PMS2/MSHG6 loss; this last case was MLHI-hypermethyla-
tion-negative. Patient consent for PCR-based germline testing
was granted for 12 of 25 (48%) cases, eight (67%) of which
showed confirmatory germline mutations. The four cases with
discordant immunohistochemistry and germline testing results
underwent microsatellite instability testing, and all were MSI-
high. Five of the six dedifferentiated carcinomas were non-
methylated mismatch repair-deficient cancers, while the
remaining case was MLHI-hypermethylated. One of the two
carcinosarcomas was MLH I-hypermethylated while the other
was mismatch repair-intact. There were no significant differ-
ences in grade, stage, recurrence, or vital status across mis-
match repair subgroups.

Tumor-associated immune TIM-3 expression

Tumor-associated immune cells demonstrated at least focal
positivity for TIM-3 in all 75 cases reviewed (Table 1,
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Table 1 Tumoral and tumor-associated immune TIM-3 expression by
mismatch repair status, n/N (%)

+TIM-3 (21%) in  +TIM-3 in TAIs TIM-3 CPS
tumor cells >1
MMR 40/50 (80%) 50/50 (100%) 50/50
deficient (100%)
(N=50)
nm-MMRd  19/25 (76%) 25/25 (100%) 25/25
(N=25) (100%)
Extent of Extent of
expression: expression:
1-5%:11/25 (44%)  Focal: 10/25
(40%)
6-10%:5/25 (20%) Moderate: 8/25
(32%)
11-25%:0/25 (0%) Robust: 7/25
(28%)
26-50%:1/25 (4%)
>50%:2/25 (8%)
MLHI1-hm 21/25 (84%) 25/25 (100%) 25/25
(N=25) (100%)
Extent of Extent of
expression: expression:
1-5%: 5/25 (20%)  Focal: 7/25 (28%)
6-10%:8/25 (32%) Moderate: 14/25
(56%)
11-25%:4/25 (16%) Robust: 4/25
(16%)
26-50%:3/25 (12%)
>50%:1/25 (4%)
MMR intact  18/25 (72%) 25/25 (100%) 25/25
(N=25) (100%)
Extent of Extent of
expression: expression:
1-5%:11/25 (44%)  Focal: 22/25
(88%)
6-10%:2/25 (8%) Moderate: 3/25
(12%)

11-25%:2/25 (8%)
26-50%:1/25 (4%)
>50%:2/25 (8%)

Robust: 0/25 (0%)

TAI tumor-associated immune, CPS combined positive score, MMR
mismatch repair, MMRd mismatch repair-deficient, im hypermethy-
lated, nm non-methylated

Figs. 1 and 2). However, there was a higher rate of mod-
erate and robust TIM-3 immune cell staining in the mis-
match repair-deficient (33/50, 66%) compared to mismatch
repair-intact (3/25, 12%) tumors (P =0.00002), and no
intact cases demonstrated robust staining of tumoral
immune cells. There was no significant difference between
the degree of immune staining between the non-methylated
mismatch repair-deficient and MLHI-hypermethylated
subsets, and both had a relatively even distribution of focal,
moderate, and robust expression.
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Fig. 1 Patterns of TIM-3 expression in endometrial carcinomas. TIM-3
was expressed in tumor cells (a, b) and in tumor-associated lympho-
cytes (¢, d). Tumoral staining was considered positive when clear full
or partial membranous expression was identified. Case a depicts a
tumor with diffuse tumoral expression as well as scattered positive
tumor-associated immune cells. Case b shows patchy tumoral

Tumoral TIM-3 expression

Tumoral expression of TIM-3 was demonstrated in the
majority of both mismatch repair-intact and deficient
endometrial carcinomas, with 72% (18/25) of intact tumors
and 80% (40/50) of deficient tumors demonstrating at least
1% tumoral staining (Table 1, Fig. 1). Circumferential
staining of small, scattered clusters of cells was the most
common pattern, with most positive cases demonstrating
expression in <25% of tumor cells. However, five cases
demonstrated 26-50% expression and five more demon-
strated >50% positivity; these diffusely positive cases
included tumors from all three mismatch repair subsets
(Table 1). Although there was no significant difference
between mismatch repair-intact and deficient tumors
demonstrating positivity for TIM-3 using the 1% threshold
for positivity (Table 1, Fig. 2), using a 5% cut-off the
MLH I-hypermethylated group was more often positive (16/
25, 64%) than both the mismatch repair-intact (7/25, 28%;
P =0.02) and the non-methylated mismatch repair-deficient
(8725, 32%; P =0.05) tumors. In contrast, there was no

positivity without a significant contribution of positive immune cells in
this field (scattered positive tumor-associated lymphocytes were pre-
sent elsewhere). Cases ¢ and d show no tumoral expression (the apical
blush depicted in some cells in case ¢ was not considered positive), but
focal (c¢) and robust (d) associated immune cell expression

significant difference in tumoral staining between non-
methylated mismatch repair-deficient and mismatch repair-
intact tumors using the 5% threshold.

Tumoral TIM-3 staining was also evaluated in tandem
with histologic grade and showed overall increased rates of
positivity with increasing grade (Table 2, Figs. 3 and 4). A
significantly higher number of intermediate- and high-grade
carcinomas showed tumoral TIM-3 expression when com-
pared to low-grade carcinomas using both the 1% (P =
0.02) and 5% (P=0.02) tumoral staining thresholds.
However, this trend was not statistically significant for any
of the mismatch repair subgroups when assessed in isola-
tion. All six cases with dedifferentiated histology demon-
strated tumoral expression of TIM-3. In addition, both
carcinosarcomas showed tumoral expression of TIM-3. In
both carcinosarcomas, TIM-3 expression was principally
observed within the epithelial component with only limited
staining in regions of mesenchymal differentiation (Fig. 5).
Expression patterns were more variable within dediffer-
entiated carcinomas, with some cases showing staining
primarily limited to well-formed glandular elements, some
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Fig. 2 Mismatch repair status and TIM-3. High levels of tumoral TIM-
3 expression were most often identified in endometrial cancers with
MLHI-hypermethylation, like the case in (a, b). This case demon-
strated tumoral staining in the majority of tumor cells as well as
moderate associated immune cell expression. The MSH6-deficient

showing pockets of staining only in regions of dediffer-
entiation, and others showing a mixture throughout. (Fig. 5)

Of the non-methylated mismatch repair-deficient cases,
the mismatch repair immunohistochemistry pattern most
consistently associated with TIM-3 expression was loss of
MSHB6, with all eight tumors in this group demonstrating >1%
tumoral staining, and two of the cancers demonstrating >25%
staining (Table 3). The sole case with deficient MSH6
and loss of MLH1/PMS2 was also TIM3-positive. Tumors
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case illustrated in (c, d) demonstrated patchy tumoral positivity with a
more robust TIM-3 positive immune cell infiltrate. In contrast, the
mismatch repair-intact endometrial cancer shown in (e, f) was entirely
negative for TIM-3 within the tumor cells and showed only rare
positive associated lymphocytes

demonstrating other immunohistochemical loss patterns
showed TIM-3 staining in at least a subset of cases, with 50%
(2/4) of PMS2-deficient cases and 67% (8/12) of cases with
dual MSH2/MSHBS6 loss demonstrating >1% TIM-3 positivity.

TIM-3 combined positive score

Using the combined positive score, which accounts
for both tumor cell and tumor-associated immune cell
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Table 2 Tumoral + TIM-3 (21%) by grade and mismatch repair status, n/N (%)

MMR-Intact

nm-MMRd

MLHI1-hm

Total

Low-grade (FIGO 1 endometrioid)

Intermediate-grade (FIGO 2 endometrioid)

High-grade (FIGO 3 endometrioid, dedifferentiated,

and carcinosarcoma)

5/9 (56%)

Extent of expression:
1-5%:4/9 (44%)
6-10%:1/9 (11%)
11-25%:0/9 (0%)
2650%:0/9 (0%)
>50%:0/9 (0%)

5/8 (63%)

Extent of expression:
1-5%:4/8 (50%)
6-10%:0/8 (0%)
11-25%:1/8 (13%)
26-50%:0/8 (0%)
>50%:0/8 (0%)

8/8 (100%)

Extent of expression:
1-5%:3/8 (38%)
6-10%:1/8 (13%)
11-25%:1/8 (13%)
26-50%:1/8 (13%)
>50%:2/8 (25%)

8/13 (62%)

Extent of expression:
1-5%:7/13 (54%)
6-10%:0/13 (0%)
11-25%:0/13 (0%)
26-50%:0/13 (0%)
>50%:1/13 (8%)

3/3 (100%)

Extent of expression:
1-5%:1/3 (33%)
6-10%:1/3 (33%)
11-25%:(0%)
26-50%:(0%)
>50%:1/3 (33%)

8/9 (89%)

Extent of expression:
1-5%:3/9 (33%)
6-10%:4/9 (44%)
11-25%:0/9 (0%)
26-50%:1/9 (11%)
>50%:0/9 (0%)

6/8 (75%)

Extent of expression:
1-5%:1/8(13%)
6-10%:2/8(25%)
11-25%:2/8(25%)
26-50%:0/8(0%)
>50%:1/8(13%)
9/10 (90%)

Extent of expression:
1-5%:2/10 (20%)
6-10%:5/10 (50%)
11-25%:0/10 (0%)
26-50%:2/10 (20%)
>50%:0/10 (0%)

6/7 (86%)

Extent of expression:
1-5%:2/7 (29%)
6-10%:1/7 (14%)
11-25%:2/7 (29%)
26-50%:1/7 (14%)

19/30 (63%)

Extent of expression:
1-5%:12/30 (40%)
6-10%:3/30 (10%)
11-25%:2/30 (7%)
26-50%:0/30 (0%)
>50%:2/30 (7%)
17/21 (81%)

Extent of expression:
1-5%:7/21 (33%)
6-10%:6/21 (29%)
11-25%:1/21 (5%)
26-50%:2/21 (10%)
>50%:1/21 (5%)
22/24 (92%)

Extent of expression:
1-5%:8/24 (33%)
6-10%:6/24 (25%)
11-25%:3/24 (13%)
26-50%:3/24 (13%)
>50%2/24:(8%)

>50%:0/7 (0%)

MMR mismatch repair, MMRd mismatch repair-deficient, nm non-methylated, 7im hypermethylated

(both macrophage and lymphocyte) expression, all
cases of endometrial carcinoma across mismatch repair
subgroups met the threshold of combined positive
score 1.

Discussion

Mismatch repair-deficient cancers can show excellent
response to immunotherapy targeting the PD-1/PD-L1
immune checkpoint axis, prompting the recent Food and
Drug Administration approval of the PD-1 inhibitor Pem-
brolizumab in solid tumors with this molecular signature
[1]. Although the most robust data exists for colorectal
carcinomas [1, 4, 43], impressive responses have also been
observed in mismatch repair-deficient endometrial cancers
[1, 44]. However, as has repeatedly been demonstrated in
other tumor types [14, 16, 17], benefit from anti-PD-1/PD-
L1 monotherapy has not been uniform. This may be attri-
butable, in part, to the complexity of the immune micro-
environment and frequent co-existence of other mechanisms
of immune evasion. In addition to expressing high levels of
PD-L1, mismatch repair-deficient endometrial carcinomas
—particularly Lynch syndrome-associated cancers [8]—
also often show widespread expression of other immune
inhibitory molecules, including the immune checkpoint

CTLA-4 and the enzyme IDO-1 [6, 10, 45]. A recent
abstract from Ramos et al. [45] also demonstrated high
levels of TIM-3 in mismatch repair-deficient endometrial
carcinomas.

Our current study further investigates expression of the
immune inhibitory checkpoint molecule TIM-3 in mismatch
repair-intact and deficient endometrial carcinomas, with
specific attention to non-methylated mismatch repair-
deficient vs. MLHI-hypermethylated tumors as well as
high-grade, mismatch repair-intact cancers. Our results
reveal increased tumor-associated immune cell TIM-3
expression among mismatch repair-deficient cancers when
compared to intact cases, which echoes the results from
work on PD-L1 [7, 8]. Varying levels of tumoral TIM-3
expression were also observed, with the majority of all
cancers displaying at least focal tumoral staining and some
cases from each mismatch repair subgroup—including
several high-grade intact cancers—demonstrating diffuse
expression. Indeed, tumor grade appears to play a more
significant role for TIM-3 than it does for PD-L1 [8], with
significantly higher expression among intermediate- and
high-grade endometrial cancers when compared to low-
grade tumors irrespective of mismatch repair status. TIM-3
expression was not, however, entirely restricted to high-
grade cases: two cases with >50% expression were low-
grade endometrioid carcinomas.

SPRINGER NATURE
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Fig. 3 TIM-3 in high-grade endometrial carcinomas. Tumoral TIM-3
expression was overall more common among intermediate and high-
grade cancers when compared to low-grade tumors, with the most
dramatic trend observed in the mismatch repair-intact subgroup. The
dedifferentiated grade 3 MLHI-hypermethylated cancer depicted in (a,
b) showed patchy positivity concentrated in areas of solid architecture,

Although mismatch repair-deficient cancers were not
more likely to show 21% tumoral TIM-3 expression when
compared to intact cases, at the 5% threshold MLHI-
hypermethylated cancers were more likely than both mis-
match repair-intact and non-methylated mismatch repair-
deficient malignancies to be TIM-3 positive. It is important
to note, however, that although high-grade cancers were
evenly represented across all three mismatch repair subsets

SPRINGER NATURE

while the MSH6-deficient dedifferentiated tumor in (¢, d) showed
tumoral expression concentrated at the tumor-stroma interface. The
mismatch repair-intact carcinosarcoma illustrated in (e, f) was among
the most strongly positive cases in the series, with regions of wide-
spread expression concentrated in the poorly-differentiated epithelial
components of the tumor

and statistically significant differences in tumor grade were
not identified across these groups, there were more
intermediate-grade carcinomas among the MLHI-hyper-
methylated and mismatch repair-intact groups when com-
pared to non-methylated mismatch repair-deficient cancers
(which were more often low-grade). Thus, in this small
sample set, we cannot exclude the possibility that grade
contributed to the increased expression observed in the
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Fig. 4 Tumoral TIM-3 Low-grade

expression by histologic grade.
Tumor cell expression of TIM-3
was more common in
intermediate- and high-grade
carcinomas when compared to
low-grade carcinomas (orange
arcs [<1%, negative]; blue arcs
[21%, positive])

Intermediate-grade High-grade

mm <1% (Neg)
= >1% (Pos)
e <1%
1-5%
o 6-10%
e 11-25%
. 26-50%
mm >50%

Fig. 5 TIM-3 expression in carcinosarcomas and de-differentiated
carcinomas. Both carcinosarcomas in the series demonstrated TIM-3
expression predominantly in the epithelial component of the tumor, as
is illustrated in case (a, b). De-differentiated carcinomas, in contrast,
showed variable expression patterns, with some showing positivity in

MLHI-hypermethylated group when compared to the non-
methylated mismatch repair-deficient group. Alternatively,
it may be that the mechanism of mismatch repair deficiency

both well-defined glands and poorly-differentiated elements, and oth-
ers, like the tumor depicted in (¢, d), showing little expression in the
poorly-differentiated component but patchy expression in the adjacent
well-formed glands

impacts tumoral methods of immune evasion and that
MLH]I-hypermethylation in particular incites TIM-3
expression.

SPRINGER NATURE
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Table 3 Tumoral TIM-3 expression and mismatch repair loss patterns
in non-methylated mismatch-repair deficient carcinomas, n/N (%)

+TIM-3 (21%) in tumor cells

MSHS6 loss
MSH6/MLH1/PMS2 loss
MSH2/MSH6 Dual loss
PMS2 loss

8/8 (100%)
1/1 (100%)

8/12 (67%)
2/4 (50%)

A potential role for specific molecular alterations was
also observed among the non-methylated mismatch
repair-deficient cases. Within this subset, isolated MSH6
loss was most consistently associated with tumoral TIM-3
expression, which parallels what has been observed for
PD-L1 [8]. In addition, dramatic response to anti-PD-1
therapy has been noted in an endometrial carcinoma from
a patient bearing a germline MSH6 mutation [5]. This is
particularly relevant for endometrial carcinomas because
MSHG6 accounts for a larger proportion of germline
mutations when compared to colorectal carcinomas,
which predominantly have mutations of MLHI and MSH?2
[46].

These findings underscore the complexity of the endo-
metrial carcinoma tumor microenvironment, and suggest
that even among mismatch repair-deficient cancers the ideal
targeted immunotherapeutic approach may vary based upon
the mechanism of mismatch repair impairment, with cases
showing epigenetic MLHI-hypermethylation and MSH6
deficiency perhaps representing particularly good candi-
dates for TIM-3 inhibition. Furthermore, they highlight the
potential role for TIM-3 targeting not only mismatch repair-
deficient cases, but also a subset of high-grade mismatch
repair-intact malignancies.

This is not the first evidence that a proportion of mis-
match repair-intact endometrial cancers might also respond
to checkpoint inhibition. Early results from the Keynote
028 study have shown some benefit in mismatch repair-
intact endometrial carcinomas with the PD-1 inhibitor
pembrolizumab, with a tumor expression requirement of
only >1% [18]. Investigations of TIM-3 checkpoint inhibi-
tion are more nascent, however: several early phase clinical
trials are actively recruiting patients with advanced solid
malignancies to assess for potential benefit of targeting this
molecule, and results remain forthcoming [clinicaltrials.
gov: NCTO03489343, NCT02817633, NCT03680508,
NCT03652077, NCT02608268].

Such trials, however, do not routinely incorporate bio-
marker expression in their inclusion criteria. In particular,
the clinically meaningful thresholds of expression and the
significance of tumoral vs. immune stromal TIM-3 expres-
sion have not been established. In many organ systems,
only PD-L1 expression in tumor cells is considered
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predictive of response, and the corollary may be true for
TIM-3. However, the recent enlistment of a “combined
positive score,” which accounts for both immune and
tumoral staining, in uterine cervical, gastric/gastro-
esophageal, and lung small cell carcinoma suggests that
focal immune cell expression of inhibitory checkpoint
molecules may be sufficient to warrant targeted treatment in
some settings [40-42, 47, 48]. In these scenarios, tumors
with a combined positive score as low as 1 have garnered
FDA-approval for PD-1-based checkpoint inhibitors. In the
current series, all cases of endometrial carcinoma across
mismatch repair subsets demonstrated a TIM-3 combined
positive score of 21 due to the ubiquity of at least focal
TIM-3-positive immune cells, indicating that the role for
TIM-3 inhibition could potentially be widespread in this
tumor type. Indeed, prior work has shown that TIM-3-
positive (TIM-3+/PD-14/CD8+) lymphocytes have a
highly dysfunctional, “exhausted” phenotype that enables
continued tumor immune escape [23, 27, 49]. Targeting this
subpopulation of lymphocytes has shown promise in rein-
vigorating the anti-tumor immune response in solid and
hematologic cancers [49-52], indicating the importance of
considering both the tumoral and immune compartments for
the potential success of an immunotherapeutic agent. It
remains to be seen, however, whether such limited immune
cell expression correlates with improved response to TIM-3
inhibition as it has for PD-L1 and PD-1 inhibitors in some
settings [40—42]. Ultimately, determination of the ideal
scoring system for TIM-3 will require correlation with
expression patterns and outcomes from patients treated with
TIM-3 inhibitors, and retrospective analyses of tumor tissue
from patients enrolled in current clinical trials will be of
interest.

Our findings also highlight the potential role for TIM-3
inhibitors in combination immunotherapy. Tumoral and/or
immune expression of TIM-3 may account for resistance to
monotherapy with PD-1/PD-L1 agents in some cancers, and
presents an opportunity for dual therapy in such cases [20].
Multimodal immunotherapy has been examined with
increasing enthusiasm since the success of combination
ipilimumab and nivolumab in melanoma [53]. Of even more
relevance to this work, the recent CheckMate-142 trial of
nivolumab and ipilimumab in mismatch repair-deficient
colorectal carcinomas has shown promise and garnered
accelerated FDA review [43]. As combination immu-
notherapy becomes commonplace, standardized approaches
to assessing the immune microenvironment as an integrated
whole become increasingly relevant. It remains to be seen,
however, whether this manifests as an algorithmic series of
individual immunohistochemical stains or a single study
that utilizes layered fluorescence in situ hybridization or
multi-color immunohistochemistry to visualize multiple
biomarkers in a single field.
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A significant limitation of this study is the lack of POLE
mutation status on mismatch repair-intact cases. Mutations
involving POLE are known to generate an ultra-mutated
phenotype with increased neoantigen production [7, 54, 55],
and one report has demonstrated impressive response to anti-
PD-1 in an endometrial carcinoma with a POLE mutation [5].
Given that POLE-mutated cases comprise ~10% of high-
grade endometrioid cancers [56, 57], we could anticipate that
the eight high-grade, mismatch repair-intact cases in this
series may include one or more POLE-mutated cancer. While
the relative rarity of this mutation makes it unlikely to sig-
nificantly impact the overall results in this small series, the
established relationship between POLE mutations and
increased immunogenicity underscores the limitations of
mismatch repair status as the sole gatekeeper for immu-
notherapy access in endometrial carcinomas.

Another important limitation is the fact that many non-
methylated mismatch repair-deficient cases did not have
available Lynch syndrome germline testing results, limiting
our ability to make definitive conclusions about the specific
role of germline-derived mutations in this context. There were
also four patients with an immunohistochemical loss pattern
suggestive of Lynch syndrome but negative germline testing.
Prior studies suggest that these cancers most often demon-
strate high level microsatellite instability and bear somatic
mismatch repair mutations [58-60], and indeed all four cases
in this series were MSI-H. Therefore, the mismatch repair
protein loss pattern remains a relatively robust proxy for true
mismatch repair-deficiency.

In summary, tumoral and tumor-associated immune cell
expression of the immune checkpoint molecule TIM-3 is
common among endometrial carcinomas. Although at least
focal immune staining was present in all cases, mismatch
repair-deficient endometrial carcinomas demonstrated sig-
nificantly more immune TIM-3 expression than mismatch
repair-intact carcinomas. While some tumoral expression
was demonstrated across mismatch repair groups, it was
most prominent among MLHI-hypermethylated and
MSH6-deficient cases. Furthermore, tumoral expression
was also observed in some mismatch repair-intact cases,
particularly cases with high histologic grade. These results
suggest a potential role for TIM-3 checkpoint inhibition
among a wide variety of endometrial carcinomas, including
some which may not currently be candidates for clinically
available immunotherapies.
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