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Immune profiling of microsatellite instability-high and polymerase 
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predictors of response to anti-PD-1 therapy
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Background: Microsatellite instability-high (MSI-H) and polymerase ε (POLE)-mutated metastatic 
colorectal cancer (mCRC) represent hypermutated and ultramutated tumor phenotypes, respectively, that 
may predict benefit to checkpoint blockade [anti-programmed cell death 1 (PD-1)/programmed death ligand 
1 (PD-L1)].
Methods: Immune profiling through multispectral fluorescent immunohistochemistry (IHC) using a multi-
marker staining panel was performed on pretreatment tumor specimens from a cohort of MSI-H or POLE-
mutated mCRC patients treated with PD-1 blockade at our institution to identify candidate predictors of 
response to checkpoint inhibitors.
Results: From 4/2013 to 1/2017, a total of 237 mCRC patients with molecularly profiled tumors were 
screened. Five MSI-H and three POLE-mutated mCRC patients were treated with checkpoint inhibitors. 
Immune profiling identified higher CD8+ tumor-infiltrating lymphocytes (TILs) within the tumor 
microenvironment (TME) of responders (CR or PR as best response) than nonresponders (SD or PD as 
best response). Responders had significantly higher densities of CD8+ PD-1+ TILs than nonresponders 
(P=0.0007). PD-L1 expression (P=0.73), CD4+ T-cell density (P=0.39), and CD4+ FOXP3+ T-cell density 
(P=0.68) did not significantly differ, but the percentage of CD4+ Tbet+ T-cells (Th1 phenotype) was also 
significantly higher in responders than nonresponders (P=0.0007). 
Conclusions: Higher densities of CD8+ TILs, PD-1-expressing CD8+ TILs, and tumor-infiltrating 
immune cells with a Th1 phenotype in the TME may predict response to checkpoint inhibitors in MSI-H 
and POLE-mutated mCRC. 
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Introduction

Early evidence supporting the concept of programmed 
cell death 1 (PD-1) and programmed death ligand 1  
(PD-L1) blockade as a form of cancer immunotherapy 
arose from preclinical studies demonstrating that activation 
of the PD-1/PD-L1 axis suppressed the activation and 
proliferation of tumor antigen-specific T cells and 
promoted tumorigenesis, which was reversed with PD-1/
PD-L1 blockade (1,2). Initial phase I studies investigating 
several humanized monoclonal IgG4 antibodies targeting 
PD-1 and PD-L1 in advanced solid tumors were soon 
conducted and paved way for the development of the first 
PD-1 inhibitors, nivolumab and pembrolizumab, approved 
by the Food and Drug Administration (FDA) (3-5). In the 
studies that have followed, PD-L1 expression [most often 
≥1% or ≥5% by immunohistochemistry (IHC)] was among 
the first candidate predictors of response to PD-1 blockade 
and has been associated with a 20–50% response rate to 
PD-1 inhibitors in select solid tumors (5-7). However, the 
documentation of PD-L1-negative patients with a response 
to anti-PD-1 therapy argues against the use of PD-L1 
expression as the sole biomarker for selection (6). 

Other studies have focused on the immune-infiltrating 
cells within the tumor microenvironment (TME) and 
have shown that pretreatment specimens from responders 
to PD-1/PD-L1 blockade have significantly higher 
densities of CD8+, PD-1+, and PD-L1+ T-cells at the 
invasive tumor margin and tumor parenchyma (with close 
proximity between PD-1 and PD-L1 expression) compared 
to nonresponders (8,9). Furthermore, the CD8+ tumor-
infiltrating lymphocytes (TILs) in responders have a more 
clonal T-cell antigen receptor (TCR) repertoire, high 
expression of cytotoxic T lymphocyte-associated protein 
4 (CTLA-4) and PD-1 (PD-1hiCTLA-4hi) consistent 
with a partially exhausted CD8+ T-cell phenotype 
capable of producing IFNγ, high expression of major 
histocompatibility complex (MHC) class II antigen HLA-
DR, reduction in the CD4+/CD8+-cell ratio, and a gene 
expression profile consistent with activation of CD8+ and 
Th1 T-cell responses (8-13).

Recently, next-generation sequencing (NGS) has 
uncovered that high mutational load can also predict 
benefit from immunotherapy due to the immunogenic 
nature of neoantigens generated from an increased burden 
of somatic mutations (14-16). In addition, microsatellite 
instability (MSI) or mismatch repair (MMR) deficiency 
has been shown to predict clinical benefit from immune 

checkpoint blockade (17). Notably, genomic analysis 
confirmed a significantly higher mutational load in MMR-
deficient tumors than MMR-proficient tumors that was 
associated with prolonged progression-free survival (PFS). 
These findings have been corroborated in other studies 
demonstrating that MSI with high tumor mutational burden 
(TMB) due to defective MMR can predict response to anti-
PD-1, anti-PD-L1, and anti-CTLA-4 therapy in metastatic 
colorectal cancer (mCRC) (18-21).

Beyond the hypermutated phenotype of MSI-high 
(MSI-H) tumors, germline and somatic mutations in 
the DNA proofreading enzyme polymerase ε (POLE) 
contribute to an ultramutated tumor phenotype due to an 
extremely high rate of base substitution mutations (22,23). 
POLE-mutated tumors comprise a phenotype mutually 
exclusive of MSI-H and microsatellite stable (MSS) tumors 
with the highest mutational burden among the 3 phenotypes 
(24-27). Similar to MSI-H tumors, POLE-mutated tumors 
are highly immunogenic due to enrichment by mutation-
associated neoantigens and have demonstrated response 
to checkpoint inhibitors in non-small cell lung cancer 
(NSCLC) and endometrial cancer (15,26-30). Despite the 
clearly increased immunogenicity of MSI-H and POLE-
mutated colorectal cancer, no studies to our knowledge have 
investigated this combined set of patients for predictive 
markers of response to checkpoint inhibition. 

We previously conducted an analysis of tumors 
from mCRC patients at our institution that underwent 
comprehensive genomic profiling using NGS and identified 
a subset of patients with MSI-H and POLE-mutated tumors 
that could potentially benefit from PD-1 blockade (31). 
We subsequently reported an initial case of a treatment-
refractory and MSS mCRC harboring a POLE mutation 
with excellent response to PD-1 blockade (32). We now 
describe our single-institution experience involving a cohort 
of patients with MSI-H and POLE-mutated metastatic 
colorectal tumors treated with checkpoint inhibitors and 
report on candidate predictive markers of response to PD-1 
blockade.

Methods

Study patients and tumor samples

Patients diagnosed with advanced or metastatic (stage IV) 
colorectal cancer treated at the Gastrointestinal Medical 
Oncology Clinic at City of Hope National Medical Center 
(Duarte, CA, USA) between April 2013 and January 2017 
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were screened for eligibility. Eligible patients must have had 
pathologically confirmed advanced or metastatic colon or 
rectal cancer, documented MSI-H (by previously defined 
methods) or POLE-mutated tumors (by comprehensive 
tumor genomic profiling via FoundationOne, Foundation 
Medicine, Inc., Cambridge, MA, USA), and treatment with 
an anti-PD-1 or an anti-PD-L1, with or without an anti-
CTLA-4 agent for progressive metastatic disease (33). 
There were no exclusions to previous treatment or lines 
of prior therapy, tumor histology, medical comorbidities, 
or performance status. The study was approved by the 
City of Hope Institutional Review Board (IRB) under 
protocol # I16406, “Exploratory Tumor Immuno-profiling 
of Microsatellite Instability and POLE Hyper-mutated 
Colorectal Cancer.” This study is consent exempt as per 
the IRB and therefore no patient informed consent was 
obtained.

Study design

Retrospective analysis of genomic alterations in our cohort 
of mCRC patients was performed through reports provided 
by Foundation ICE (Interactive Cancer Explorer). Patient 
characteristics were obtained by chart abstraction. Response 
to anti-PD-1, anti-PD-L1, or anti-CTLA-4 therapy was 
defined according to Response Evaluation Criteria in Solid 
Tumors (RECIST) criteria and obtained from medical 
records and confirmed by the investigators (34). Patients 
were categorized as responders to checkpoint inhibition 
if the best overall response was a partial response (PR) or 
complete response (CR) and nonresponders if the best 
overall response was stable disease (SD) or progressive 
disease (PD) from the start of immunotherapy to the cut-off 
date of May 4, 2017. 

Multispectral fluorescent IHC and image analysis

Formalin-fixed paraffin-embedded (FFPE) specimens were 
cut into 3 μm sections and mounted on glass slides. For 
each specimen, 4 multispectral IHC panels were stained 
using PerkinElmer Opal kit. All slides were scanned using 
the Vectra Automated Quantitative Pathology Imaging 
System which uses excitation and emission spectra for each 
individual fluorophore and 200× magnification images 
were taken and analyzed using the image analysis software 
inForm (PerkinElmer, Hopkinton, MA, USA) (35). 
Panel 1 included CD8 (SP16, Biocare), PD-1 (NAT105, 
Biocare), PD-L1 (SP142, SpringBio) cytokeratin 20 (CK20, 

Ks20.8, Dako), and 4',6-diamidino-2-phenylindole (DAPI, 
PerkinElmer); panel 2 included CD68 (kp1, Biocare), 
PD-L1, CK20, and DAPI; panel 3 included CD4 (4B12, 
Agilent), FOXP3 (236A/E7, Biocare), and DAPI; panel 4 
included CD4, T-bet (EPR9301, Abcam), and DAPI. 

Statistical analyses

The sample size was determined by the total number of 
mCRC patients with confirmed MSI-H or POLE-mutated 
tumors. Differences between tumor-infiltrating immune cell 
densities were compared using unpaired T test performed 
in Graphpad Prism (V7.0) and P values of less than 0.05 
were considered statistically significant. 

Results

Study population

From April 2013 to January 2017, a total of 237 mCRC 
patients treated at our single institution who had undergone 
comprehensive genomic profiling of their tumors by NGS 
(FoundationOne®) were screened. A cohort of 8 patients 
(5 with MSI-H tumors and 3 with POLE-mutated tumors) 
with sufficient archival tissue for correlative studies and who 
received anti-PD-1, anti-PD-L1, or anti-CTLA-4 therapy 
were identified (Table 1). 

Treatment characteristics and response

Individual treatment details and treatment outcomes are 
detailed in Table 2. Seven patients received pembrolizumab 
(anti-PD-1 monoclonal antibody) monotherapy at a fixed 
dose of 200 mg intravenously every 3 weeks (87.5%). One 
patient with an MSI-H tumor received investigational 
therapy targeting the PD-1/CTLA-4 pathway. Four out of 
8 patients (50%) were responders to checkpoint inhibition 
(PR or CR as the best overall response) and 50% were 
nonresponders (1 SD and 3 PD as the best overall response). 
The majority of patients were heavily pretreated with 
immune profiling conducted on archival tissues obtained 
from the primary tumor in all patients except for 1. The time 
from archival tissue collection to initiation of checkpoint 
inhibitor therapy ranged from 2 months to 5 years (Table 2).

Immune profiling

Tumor specimens from all 8 mCRC patients (5 MSI-H 
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Table 1 MSI-H and POLE metastatic colorectal cancer patient characteristics

MSI-H or  
POLE-mutated

Age  
(years)/sex

Race
Location of 

primary tumor
ECOG 

PS
Stage at 
diagnosis

Sites of metastases

MSI-H 50/M Asian Cecum 0 IV Liver, lungs

MSI-H 53/M White Ascending colon 1 IV Lymph nodes (mesentery), peritoneal carcinomatosis, 
malignant ascites

MSI-H 54/M Hispanic Cecum 0 II Lymph nodes (mesentery, supraclavicular, RP), 
peritoneal carcinomatosis, liver, lungs

MSI-H 59/M White Sigmoid 1 IV Liver, lungs, pelvis, bones

MSI-H 73/F White Cecum 1 III Peritoneum, omentum, pelvic wall, lymph nodes 
(periaortic, external iliac, common iliac)

MSS/POLEP286R 20/M White Sigmoid 2 IV Lymph nodes (RP, mesentery)

MSS/POLEP286R 34/M Asian Cecum 0 II Peritoneal carcinomatosis, omentum, liver, spleen

MSS/POLEV411L 82/M Hispanic Ascending colon 1 II Ascending colon (recurrence), lymph nodes  
(mesentery, RP)

MSI-H, microsatellite instability-high; ECOG PS, Eastern Cooperative Oncology Group performance status; RP, retroperitoneal; MSS, 
microsatellite stable.

and 3 POLE-mutated) were subjected to multispectral 
immunofluorescent IHC staining and image analysis. 
Among the 4 responders with MSI-H and POLE-mutated 
metastatic colorectal tumors, a large amount of CD8+ T-cells 
with >80–90% of these expressing PD-1 were identified 
(Figure 1). In the 4 nonresponders to PD-1 blockade  
(2 MSI-H and 2 POLE-mutated), the population of CD8+ 
T-cells and PD-1-expressing CD8+ TILs were relatively 
sparse compared to responders (Figure 1). In 3 out of 4 
responders with MSI-H or POLE-mutated mCRC, the 
population of PD-1-expressing CD8+ T-cells primarily 
infiltrated the tumor stroma. One complete responder with a 
MSI-H tumor showed high PD-1+ CD8+ T-cell infiltration 
both inside the tumor parenchyma and stroma (Figure 1). 
The density of PD-1+ CD8+ TILs was significantly higher 
in pretreatment specimens from responders compared to 
nonresponders (P=0.0007, Figure 2).

PD-L1 expression was more varied across responders 
and nonresponders. When observed, PD-L1 expression 
occurred in close proximity to PD-1 expression (Figure 1). 
PD-L1 expression was primarily observed on the immune-
infiltrating cells within the TME with a small portion of 
PD-L1 expression observed on tumor cells. Using a multi-
marker panel including CD68, PD-L1, CK20, and DAPI, 
subsequent image analysis demonstrated that non-tumor 
PD-L1 expression was observed in CD68+ tumor-associated 
macrophages (Figure 3). In the 4 responders to checkpoint 

inhibitors, 3 patients (2 MSI-H and 1 POLE-mutated) 
showed PD-L1 expression on CD68+ tumor-associated 
macrophages only, while 1 MSI-H patient showed PD-
L1 expression on both tumor cells and tumor-associated 
macrophages, with less than 5% of PD-L1 expressed on 
tumor cells. In the 4 nonresponders to PD-1 blockade 
(2 MSI-H and 2 POLE-mutated), PD-L1 was found to 
be expressed on CD68+ tumor-associated macrophages 
(Figure 3). Ultimately, levels of PD-L1 expression were 
not significantly different between responders and 
nonresponders with MSI-H or POLE-mutated metastatic 
colorectal tumors (P=0.73, Figure 2).

To further elucidate the immune response characteristics 
between responders and nonresponders to PD-1 blockade 
in MSI-H and POLE-mutated metastatic colorectal 
tumors, a staining panel consisting of CD4, FOXP3 
[marker of T-regulatory cells (Tregs)], and Tbet (marker 
of T-lymphocytes committed to the Th1 response) was 
used. Expression of CD4 and FOXP3 was observed within 
the TME of tumor specimens from both responders and 
nonresponders (Figure 4). However, densities of CD4+ 
T-cells (P=0.39) and the percentage of CD4+ FOXP3+ 
cells (P=0.68) were not significantly different between 
responders and nonresponders to PD-1/PD-L1/CTLA-4 
blockade (Figure 5). A greater amount of CD4+ Tbet+ cells 
was identified within the TME of responders compared to 
nonresponders (Figure 4). Pretreatment tumor specimens 
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Table 2 Treatment characteristics and response to PD-1/PD-L1/CTLA-4 blockade

MSI-H or  
POLE-mutated

RAS/BRAF status Prior therapy
Archival tissue, 
collection date

CI start 
date

Cycles of 
therapy 

Overall 
best 

response

Duration 
of disease 

control^

MSI-H* RAS WT/BRAF 
WT

Definitive surgery, adjuvant 
capecitabine, XELOX,  
FOLFIRI-cetuximab, HIPEC  
(mitomycin C) and debulking surgery, 
FOLFOX-MEK162

Cecum, 
4/21/10

11/12/15 51 weeks PR 17.8 months 
(ongoing)

MSI-H RAS WT/
BRAFV600E MT

Definitive surgery, adjuvant 
capecitabine, FOLFIRI-bevacizumab

Cecum, 
4/14/15

5/13/16 17 
(ongoing)

CR 11.7 months 
(ongoing)

MSI-H RAS WT/BRAF 
WT

XELOX-panitumumab, surgery 
(palliative/debulking),  
FOLFIRI-cetuximab,  
FOLFOX-Ziv-aflibercept

Liver, 1/20/16 9/2/16 3 PD –

MSI-H RAS WT/BRAF 
WT

FOLFOX-bevacizumab, definitive 
surgery and metastectomy,  
irinotecan-panitumumab

Cecum, 
1/14/16

9/23/16 10 
(ongoing)

PR 7.4 months 
(ongoing)

MSI-H RAS WT/BRAF 
WT

Definitive surgery (METS found on 
surgery), FOLFOX-bevacizumab, 
capecitabine-cetuximab, 5-FU/LV/
bevacizumab, FOLFIRI-bevacizumab

Ascending 
colon, 3/17/15

8/12/16 3 PD

MSS/POLEP286R RAS WT/BRAF 
WT

Surgery (palliative/debulking) Sigmoid, 
8/18/16

10/14/16 1 PD

MSS/POLEP286R RAS WT/BRAF 
WT

Definitive surgery, adjuvant FOLFOX, 
FOLFIRI-bevacizumab

Cecum, 
4/30/15

10/7/16 10 
(ongoing)

SD 6.9 months 
(ongoing)

MSS/POLEV411L KRASN116H, N116T 
MT/BRAF WT

Definitive surgery, FOLFOX,  
FOLFIRI-bevacizumab

Ascending 
colon, 3/16/15

5/6/16 14 
(ongoing)

CR 12.0 months 
(ongoing)

^, start of checkpoint inhibitor therapy to May 4, 2017; *, this is the only patient treated with an investigational PD-L1/CTLA-4 combination. 
All other patients received off label pembrolizumab monotherapy. MSI-H, microsatellite instability-high; CI, immune checkpoint inhibitor; 
WT, wild type; XELOX, capecitabine and oxaliplatin; FOLFIRI, 5-fluorouracil (5-FU), leucovorin (LV), and irinotecan; HIPEC, hyperthermic 
intraperitoneal chemotherapy; FOLFOX, 5-FU, LV, and oxaliplatin; MEK162, investigational MEK1/2 inhibitor; PR, partial response; MT, 
mutant; CR, complete response; PD, progressive disease; SD, stable disease.

of responders to checkpoint blockade showed a significantly 
higher percentage CD4+ Tbet+ T-cells infiltrating the 
TME when compared to those of nonresponders (P=0.0007, 
Figure 5). 

Discussion

The purpose of this retrospective study was to perform 
immune profiling on pretreatment tumor specimens from a 
cohort of patients with metastatic colorectal tumors that are 
MSI-H or POLE-mutated and identify potential predictors 
of response to PD-1/PD-L1 blockade. We performed 
multispectral fluorescent IHC and image analysis on 
tumors from 8 mCRC patients (5 with MSI-H and 3 with 

POLE-mutated tumors) screened from a larger cohort of 
237 mCRC patients who had undergone comprehensive 
genomic profiling by NGS at our institution. All 8 
patients were treated with checkpoint inhibitors (7 with 
pembrolizumab and 1 with a combination of an anti-PD-L1 
and anti-CTLA-4 agent). 

We observed a large population of CD8+ T-cells within 
the TME of pretreatment specimens from responders in 
contrast to the relatively sparse amount of CD8+ T-cells 
in nonresponders (Figure 1). Furthermore, responders to 
checkpoint inhibitors had significantly higher densities of 
PD-1-expressing CD8+ TILs compared to nonresponders 
(P=0.0007). A recent study involving 40 resected MSI 
primary colorectal tumors identified that the TILs among 
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Figure 1 Multispectral fluorescent IHC staining (200×) and image analysis using a panel of markers including CD8, PD-1, PD-L1, DAPI 
and CK20 on pretreatment tumor specimens in a responder to immune checkpoint inhibition (A) identified large amount of CD8+ T-cells 
and CD8+ PD-1+ T-cells infiltrating the tumor stroma and, in this case, the tumor parenchyma (top row) compared to (B) the relatively 
sparse amount of CD8+ T-cells and CD8+ PD-1+ T-cells observed in a nonresponder (third row from top). PD-L1 expression was more 
varied across tumor specimens of (A) responders and (B) nonresponders, but when observed, was in close proximity to PD-1 (second row 
from top and bottom row). Case (A) from a MSI-H mCRC patient with response to pembrolizumab and (B) from a MSI-H mCRC patient 
deemed a nonresponder to pembrolizumab. Multispectral fluorescent IHC stains: CD8 (red), PD-1 (cyan), PD-L1 (green), CK20 (lavender), 
DAPI (blue). IHC, immunohistochemistry; PD-1, programmed cell death 1; PD-L1, programmed death ligand 1; DAPI, 4',6-diamidino-2-
phenylindole; MSI-H, microsatellite instability-high; mCRC, metastatic colorectal cancer; CK20, cytokeratin 20.
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PD-L1
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PD-1 CK20 DAPI

PD-L1+CK20

PD-L1+CK20

an immunoreactive subset of samples frequently showed 
granzyme B and CD8 co-expression consistent with 
cytotoxic T-lymphocytes (CTLs) though CD8 and PD-1 
co-expression was more variable (36). In a predominantly 
early-stage to locally-advanced CRC cohort, MSI tumors 
showed higher densities of TILs with CD8+ T-cells being 
most dramatically increased along with higher expression 

of PD-1, among other checkpoints, when compared to 
MSS tumors (29). High Immunoscore colorectal tumors, 
which are highly infiltrated by CD8+ T-cells at both the 
invasive margin and tumor center, have been shown to 
be significantly associated with MSI-H rather than MSS 
status, significantly overrepresented by cells expressing 
PD-1 at the tumor center and invasive margin, and 
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Figure 2 Pretreatment tumor specimens of responders to PD-1/PD-L1/CTLA-4 blockade with MSI-H or POLE-mutated metastatic 
colorectal tumors demonstrated (A) significantly higher densities (cells/mm2) of CD8+ PD-1+ TILs compared to nonresponders (P=0.0007), 
while (B) PD-L1 expression was not significantly different in tumors between responders and nonresponders (P=0.73). PD-1, programmed 
cell death 1; PD-L1, programmed death ligand 1; CTLA-4, cytotoxic T lymphocyte-associated protein 4; MSI-H, microsatellite instability-
high; TIL, tumor-infiltrating lymphocyte.

Figure 3 Multispectral fluorescent IHC staining (200×) and image analysis using a panel of markers including CD68, PD-L1, CK20, and 
DAPI on pretreatment tumor specimens in a responder to PD-1 blockade (top row) and a nonresponder to PD-1 blockade (bottom row) 
identified that PD-L1 expression was observed primarily on non-tumor cells, specifically on CD68+ tumor-associated macrophages. Case 
(top row) from a MSI-H mCRC patient with response to pembrolizumab and (bottom row) from a MSI-H mCRC patient with no response 
to pembrolizumab. Multispectral fluorescent IHC stains: CD68 (purple), PD-L1 (green), DAPI (blue). IHC, immunohistochemistry; PD-
1, programmed cell death 1; PD-L1, programmed death ligand 1; CK20, cytokeratin 20; DAPI, 4',6-diamidino-2-phenylindole; MSI-H, 
microsatellite instability-high; mCRC, metastatic colorectal cancer.
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significantly associated with improved survival in primarily 
localized CRC (37). Having a high Immunoscore at distant 
metastases appeared to correlate with improved survival 
in advanced CRC as well (38). Furthermore, responses 
to immunotherapy may be enhanced in MSI colorectal 
tumors based on recent evidence suggesting that frameshift 
mutations in ASTE1, HNF1A, and TCF7L2 genes have 

been associated with increased CD8+ TILs and can lead 
to production of immunogenic neoantigens recognized by 
specific CD8+ TILs (39). In predominantly non-metastatic 
colorectal and endometrial cancer patients, POLE-mutated 
tumors have similarly shown higher levels of CD8+ TILs 
and PD-1 expression than MSS tumors and are associated 
with a better oncological outcome when present in the 
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setting of locoregional disease (24-27). However, data 
describing the relationship between CD8+ TILs/PD-1 
expression and response to PD-1 blockade in MSI-H 
and POLE-mutated mCRC is relatively limited. Our 
findings are among the first to support that high tumor-
infiltrating CD8+ T-cells and high PD-1-expressing CD8+ 
TILs can predict response to checkpoint inhibitors in this 
population. Our findings are consistent with other findings 
reported in immune-checkpoint responsive diseases, 

such as a melanoma (8-10,40). Further studies evaluating 
larger MSI-H/POLE cohorts are warranted to identify the 
threshold by which CD8+ TILs and PD-1+ co-expression 
predict response. Further understanding of the subsets of 
CD8+ TILs that are predictive of response, in addition to 
the overall population of tumor-infiltrating CD8+ T-cells, 
may enrich our selection of candidates for PD-1 blockade in 
MSI-H and POLE-mutated mCRC.

Notably, in 3 out of our 4 responders with MSI-H or 

Figure 4 Multispectral fluorescent IHC staining (200×) and image analysis using a panel of markers including CD4, FOXP3, and Tbet 
on pretreatment tumor specimens from 6 patients with MSI-H or POLE-mutated metastatic colorectal tumors identified (A) expression 
of CD4 and FOXP3 within the TME of responders (top row) and nonresponders (second row from top) to PD-1/PD-L1/CTLA-4 
blockade, while (B) a greater amount of CD4+ Tbet+ cells was identified within the TME of responders (third row from top) compared 
to nonresponders (bottom row). Cases stained for FOXP3 and CD4, clockwise fashion starting from top left panel, in (A) from a MSI-H 
mCRC responder to pembrolizumab, MSI-H mCRC responder to pembrolizumab, MSI-H mCRC responder to investigational anti-
PD-L1 agent and tremelimumab, MSI-H mCRC nonresponder to pembrolizumab, MSI-H mCRC nonresponder to pembrolizumab, and 
POLE-mutated mCRC nonresponder to pembrolizumab. Cases in (B) correspond to cases in (A) in same order but stained for Tbet and 
CD4. Multispectral fluorescent IHC stains: (A) FOXP3 (red), CD4 (yellow), DAPI (blue); (B) Tbet (red), CD4 (green), DAPI (blue). IHC, 
immunohistochemistry; PD-1, programmed cell death 1; PD-L1, programmed death ligand 1; DAPI, 4',6-diamidino-2-phenylindole; 
MSI-H, microsatellite instability-high; mCRC, metastatic colorectal cancer; TME, tumor microenvironment; CTLA-4, cytotoxic T 
lymphocyte-associated protein 4.
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Figure 5 In MSI-H or POLE-mutated metastatic colorectal tumors, levels of CD4 (A, P=0.39) and percentage of CD4+ FOXP3+ T-cells 
(B, P=0.68) were not significantly different in pretreatment tumor specimens of responders to PD-1/PD-L1/CTLA-4 blockade and 
nonresponders, but (C) the percentage of CD4+ Tbet+ T-cells was significantly higher in responders compared to nonresponders (P=0.0007). 
MSI-H, microsatellite instability-high; PD-1, programmed cell death 1; PD-L1, programmed death ligand 1; CTLA-4, cytotoxic T 
lymphocyte-associated protein 4.

POLE-mutated mCRC, the population of CD8+ TILs and 
CD8+ PD-1+ TILs predominantly infiltrated the tumor 
stroma though 1 responder with a MSI-H tumor showed 
high CD8+ and CD8+ PD-1+ T-cell infiltration both inside 
the tumor parenchyma and stroma. An increased population 
of CD8+ TILs has been observed at the invasive tumor 
front in responders to PD-1 blockade in MSI-H mCRC 
while high densities of CD8+ TILs have been found at the 
invasive tumor front and tumor stroma in predominantly 
non-metastatic MSI-H CRC (17,29). Further investigation 
is  warranted in MSI-H and POLE-mutated CRC 
patients to assess whether the intensity of TILs across 
tumor compartments differs between responders and 
nonresponders and whether presence of TILs in both the 
tumor stroma and parenchyma correlate with prolonged 
responses to PD-1 blockade.

PD-L1 expression was more varied across responders and 
nonresponders in our MSI-H and POLE-mutated mCRC 
patients. When observed, PD-L1 expression occurred in 
close proximity to PD-1 expression. This is consistent with 
previous data describing a significant association between 
proximity of PD-1 and PD-L1 expression and response to 
PD-1 blockade (8). Furthermore, we observed that PD-

L1 expression was found predominantly on the immune-
infiltrating cells within the TME, specifically in CD68+ 
tumor-associated macrophages, while a minority of PD-
L1 was expressed on tumor cells. Across several advanced 
malignancies, response to anti-PD-L1 therapy was more 
strongly associated with PD-L1 expression on tumor-
infiltrating immune cells rather than on tumor cells (9). 
In CRC, the majority of cases of PD-L1 expression have 
been identified on immune-infiltrating cells as well (7). In 
MSI-H colorectal tumors, PD-L1 expression on tumor cells 
was virtually non-discernible while the majority of PD-
L1 expression was found on myeloid cells (29,41). This is 
different from NSCLC, RCC, and melanoma specimens for 
which PD-L1 is more consistently expressed on tumor cells 
and infiltrating immune cells (7). 

Mutations in POLE have been associated with higher 
expression of PD-L1 in endometrial cancer and CRC 
than MSS tumors, but correlation with response to PD-1 
blockade has not been evaluated (24-27). Expression of PD-
L1 has been associated with increased CD8+ TILs but may 
not be predictive of survival in early-stage MSI-H CRC; 
correlation of PD-L1 expression to anti-PD-1-therapy 
benefit has also not been studied in this population (42). We 
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observed that there was no significant difference in levels of 
PD-L1 expression between responders and nonresponders 
(P=0.73) to checkpoint inhibitors in our MSI-H and POLE-
mutated mCRC patients. Although classification of tumors 
based on PD-L1 expression and CD8+ T-cells has been 
proposed to inform selection for PD-1/PD-L1 inhibitors, 
CRC in general represents a tumor subtype with relatively 
lower amounts of CD8+ TILs and PD-L1 expression 
than NSCLC, RCC, and melanoma (43). Indeed, PD-
L1 expression may not be as important in MSI-H mCRC 
as well based on a recent phase II trial that demonstrated 
response to PD-1 blockade in treatment-refractory MSI-H 
mCRC patients regardless of PD-L1 expression (44). Our 
findings provide support that PD-L1 expression may not 
predict response to checkpoint inhibitors in MSI-H and 
POLE-mutated mCRC patients though validation in larger, 
prospective studies is warranted. Further investigation may 
define other predictive biomarkers in this population. For 
example, mutations in JAK1/2 and transcriptional signatures 
have emerged as potential novel predictors of response to 
PD-1 blockade in melanoma (45,46).

A multi-marker panel consisting of CD4, FOXP3, 
and Tbet were used to further evaluate the immune 
profile in pretreatment specimens between responders 
and nonresponders to PD-1 blockade in our MSI-H and 
POLE-mutated mCRC patients. Densities of CD4+ T-cells 
within the TME were not significantly different between 
responders and nonresponders (P=0.39) in our cohort. This 
is concordant with findings from an advanced melanoma 
cohort that demonstrated that CD4 expression at baseline 
was not significantly associated with response to anti-
PD-1 therapy (8). Additionally, the percentage of CD4+ 
FOXP3+ T-cells (marker of Tregs) within the TME did not 
significantly differ between responders and nonresponders 
in our study (P=0.68). In advanced melanoma, Tregs have 
not been implicated in predicting benefit to anti-PD-1 
and anti-PD-L1 therapy (9,10). Treg-associated genes 
including FOXP3 in MSI-H colorectal tumors had similar 
levels of expression to those in MSS tumors (29). Our 
findings suggest that the number of CD4+ FOXP3+ T-cells 
present in the TME is not a predictor of response to anti-
PD-1, anti-PD-L1, and anti-CTLA-4 therapy in metastatic 
colorectal tumors that are MSI-H or POLE-mutated.

In contrast, we observed that the percent of CD4+ 
Tbet+ T-cells (marker of Th1 response) in the TME 
was significantly higher in responders compared to 
nonresponders to checkpoint inhibition (P=0.0007). An 
expression pattern in tumors consistent with the generalized 

activation of CD8 and Th1 T-cell responses has been 
shown to significantly correlate with response to anti-
PD-L1 therapy across several advanced malignancies (9). 
Notably, an activated Th1/CTL phenotype was identified 
in the TME of virtually all MSI-H colorectal tumors (29). 
Although increased expression of cytotoxic T-cell markers 
such as CD8A and other effector cytokines, when compared 
to MSS tumors, have been observed in predominantly 
early-stage colorectal and endometrial cancers harboring 
POLE mutations, their association with response to 
immunotherapy in POLE-mutated tumors is unknown 
(24-27). Our findings suggest that the presence of tumor-
infiltrating immune cells with a Th1 phenotype within 
the TME may be predictive of response to checkpoint 
inhibitors in MSI-H and POLE-mutated mCRC patients. 
Our findings also reinforce the need to further identify 
T-cell subsets and phenotypes within the TME that could 
enrich our development of an ideal candidate biomarker for 
PD-1 blockade in MSI-H and POLE-mutated mCRC.

In conclusion, immune profiling of pretreatment tumor 
specimens in a cohort of MSI-H and POLE-mutated mCRC 
patients at our single-institution identified higher amounts 
of tumor-infiltrating CD8+ T-cells and PD-1 expressing 
CD8+ TILs in the TME of responders to PD-1 blockade 
when compared to nonresponders. Expression of PD-L1, 
CD4+ density, and Treg density within the TME are not 
predictive of response to PD-1 inhibitors. Significantly 
higher amounts of T-cells with a Th1 phenotype (CD4+ 
Tbet+ T-cells) are observed in the TME of responders 
compared to nonresponders. Further investigation of 
our findings in larger and, ideally, prospective settings 
are warranted to validate the candidacy of these potential 
biomarkers of response to checkpoint inhibitors in MSI-H 
and POLE-mutated metastatic colorectal tumors. 
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