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ABSTRACT

Objectives: To investigate patterns of programmed death
protein-1 (PD-L1) expression in microsatellite instability
( MSI)-high intestinal carcinomas and correlate them with
pathologic and molecular features.

Methods: One hundred and fifteen MSI-high and 41
microsatellite stable carcinomas were included. Tumor
sections were immunohistochemically labeled for PD-L1I.
The results were correlated with histologic subtypes, MSI,
and BRAF status.

Results: As expected, MSI status was associated with
PD-LI expression. Among 115 MSI-high tumors, PD-L1
expression was observed on tumor cells in 28 tumors and
on tumor-associated inflammatory cells in 77 tumors.
Medullary carcinoma demonstrated more frequent PD-L1
expression on tumor cells than mucinous and typical
adenocarcinoma. PD-L1 expression was more frequent in
medullary and typical adenocarcinoma than in mucinous
adenocarcinoma based on combined positive scores.
Tumors with more nucleotide shifts by PCR-based MSI
testing were more likely to express PD-L1.

Conclusions: Expression of PD-LI is different among
different histologic subtypes of MSI-high intestinal
carcinomas.
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Colorectal cancer (CRC) represents a significant pro-
portion of cancer diagnoses and cancer-related deaths
in the United States. Cancer tumorigenesis through the
microsatellite instability-high (MSI-H) pathway has been
shown to account for approximately 15% of these tumors,
including both sporadic and Lynch syndrome-associated
CRCs.' Similar mechanisms underlie MSI-H small intes-
tinal adenocarcinoma. MSI is characterized by expansion
or contraction of DNA sequences through the insertion
or deletion of repeated DNA sequences, which are rou-
tinely screened for by multiplex fluorescent polymerase
chain reaction (PCR) assays.” MSI-H, MSI-low, and
microsatellite stable (MSS) are defined as detection of
MSI at equal to or greater than 30%, less than 30%, and
0% of the loci analyzed, respectively. There are several
different morphologic subtypes of MSI-H intestinal car-
cinoma, including medullary carcinoma, signet ring cell
carcinoma, and mucinous adenocarcinoma.’ However,
adenocarcinomas with conventional histomorphology (ie,
glandular formation, nuclear pseudostratification, and
dirty necrosis), typical adenocarcinomas, can also be MSI-
H. Genetically, some MSI-H intestinal adenocarcinomas
harbor the BRAF V600E mutation, whereas others have
wild-type BRAF.' Lynch-associated intestinal carcinomas
are always BRAF wild type.

Programmed death protein-1 (PD-1) and its ligand,
PD-L1, serve a crucial role in the host immune response
to cancer. Tumor cell surface expression of PD-L1
inactivates the host immune response to tumor by binding
PD-1 on T cells.*” This interaction forms the basis for
treatment with PD-1 inhibitors, which allows the host im-
mune response to proceed without inhibition. Checkpoint
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inhibitors using PD-1/PD-L1 pathway blockade are ef-
fective in treating some cancers in first- or second-line
settings through immune activation.®” Additionally, there
is growing evidence that the tumor-associated immune
cell expression of PD-L1 may also play a role in response
to these medications.”"”

MSI-H intestinal carcinomas have been shown to
highly express PD-L1,"""” which in theory allows them to
evade host immune response. A recent study'® has reported
objective radiographic responses to PD-1 blockage in more
than half of patients with advanced MSI-H CRCs. Here, we
explored PD-L1 expression patterns in different subtypes of
intestinal adenocarcinomas and correlated PD-L1 expres-
sion with BRAF mutational status and MSI PCR patterns.

Materials and Methods

Patient Selection and Clinicopathologic Data Collections

One hundred and fifteen MSI-H intestinal carcinomas
were identified from 113 patients (six small intestinal
carcinomas and 109 CRCs) with resections performed at
Vanderbilt University Hospital between January 1, 2004,
and March 1, 2018, and for which paraffin-embedded
tissue blocks were available and sufficient for PD-L1
immunohistochemical studies. Forty-one MSS colorectal
carcinomas (collected from June 1, 2010, to January 31,
2014) were also included. Patient electronic medical records
and pathology reports were reviewed for clinicopathologic
features, BRAF mutation status, and presence/absence of
Lynch syndrome. Pathology slides were also reviewed for
histologic subtypes. Histologic subtypes were divided into
typical adenocarcinoma, not otherwise specified (NOS),
and other variants, including mucinous adenocarcinomas
and medullary carcinomas, based on the 2010 World
Health Organization classification of tumors of the di-
gestive system."” This retrospective study was approved by
Vanderbilt Institutional Review Board.

PD-L1 Immunohistochemistry

One tumor section containing the deepest invasion
was used for immunohistochemistry for each cancer.
Four-pm unstained tumor sections from formalin-fixed
paraffin-embedded tissue were first deparaffinized by
routine methods. After antigen retrieval, the sections
were stained with primary antibody PD-L1 (clone
EI1L3N; Cell Signaling Technology) at 1:200 dilution,
followed by antibody localization using Envision+
horseradish  peroxidase-labeled polymer (DAKO).
Staining was visualized by 5-minute incubation with
diaminobenzidine.
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Cell surface expression of PD-L1 by tumor cells and
cell surface and/or cytoplasmic expression of PD-LI1
by tumor-associated immune/inflammatory cells were
evaluated by two surgical pathologists (J.R. and C.S.)
separately and two surgical pathologists (S.N.S. and
C.S.) simultaneously. There were discrepancies between
the pathologists, mostly in percentages of cells stained.
Consensus was always reached through discussion and
re-reviewing the stain. Tumor-associated immune/inflam-
matory cells included tumor-infiltrating lymphocytes,
and intratumoral and peritumoral inflammatory cells
(including lymphocytes and macrophages) at invasion
front. Tumor-associated immune cells at the invasion
front were always within half field of a 20X field from
the tumor. Inflammatory cells/lymphoid aggregates dis-
tant from the invasion front were not considered tumor
associated. The entire tumor area including the invasion
front was analyzed. The percentage of PD-L1-—positive
tumor cells out of the total tumor cells was estimated.
Positive expression was defined as membranous staining
of 1% or more of the tumor cells expressing PD-L1. For
immune cells, the percentage of the tumor’s cross-sec-
tional area (including the invasion front) occupied by
PD-L1-expressing inflammatory cells was assessed.'®"’
Positive expression was defined as membranous and/
or cytoplasmic staining of 1% or more of the area oc-
cupied with PD-Ll-expressing immune/inflammatory
cells. Positive PD-L1 expression by immune cells associ-
ated with normal mucosa, adenoma, and ulceration was
excluded. Pale cytoplasmic labeling in plasma cells was
also excluded. Combined positive scores (CPS) were cal-
culated by dividing the total number of PD-L1-positive
cells (including tumor cells and immune cells) by the total
number of viable tumor cells in the entire tumor area.
A CPS score of 1% or higher was considered positive.

MSI Analysis by PCR

MSI testing on intestinal carcinomas by PCR was
performed for clinical purpose at our institution using
the MSI Analysis System (catalog number MD1641;
Promega), which included five mononucleotide re-
peat MSI markers (BAT25, BAT26, NR21, NR24, and
MONO?27) and two pentanucleotide repeat markers
(PENTA C and PENTA D) used for confirmation of iden-
tity. MSI patterns by PCR were retrospectively analyzed
in 60 MSI-H tumors with PCR electropherograms avail-
able for review. The absolute nucleotide shift represents
the change in the length of mononucleotide repeats of
the tumor DNA compared with normal tissue DNA. The
data are presented as an average number of nucleotide
shifts per marker, as described previously.'®
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Statistics

Fisher exact test was employed to compare PD-L1
expression on tumor cells, on immune cells, and by CPS
using Graphpad Prism Version 5.01 (GraphPad Software)
between six different groups: (1) MSI-H vs MSS carci-
noma, (2) MSI-H adenocarcinoma, NOS vs MSI-H mu-
cinous carcinoma, (3) MSI-H adenocarcinoma, NOS vs
MSI-H medullary carcinoma, (4) MSI-H mucinous vs
MSI-H medullary carcinoma, (5) MSI-H BRAF wild-
type vs MSI-H BRAF V600E mutant carcinoma, and (6)
Lynch-associated vs MSI-H BRAF mutant carcinoma. P
values were corrected by Bonferroni effect by multiplying
18. Student ¢ test was used to compare nucleotide shifts
by PCR-based MSI testing in cases with positive and neg-
ative PD-L1 expression. P < .05 was considered statisti-
cally significant.

Results

General Clinicopathologic Features

MSI-H tumors were from 59 females and 54 males,
with a mean age of 64 years (range, 30-98 years). As ex-
pected, most of the MSI-H CRCs were from the right
colon, defined as proximal to the splenic flexure. The
majority of MSI-H tumors (79/115, 69%) were typical
adenocarcinoma, NOS. There were also 22 mucinous
adenocarcinomas and 14 medullary carcinomas. The 41
MSS included 11 females and 30 males, with a mean age
of 62 years (range, 30-84 years). BRAF V600E mutational
status was available for 101 MSI-H cancers; 60 were BRAF
wild type and 41 were mutant. Among 60 BRAF wild- type
tumors, 29 were from patients with Lynch syndrome. The
clinicopathologic features are shown in ETable 11.

Expression of PD-L1 by Tumor Cells

Tumor cell PD-L1 expression was seen in 28 of 115
(24%) MSI-H tumors Blmage 10, whereas only one of 41
(2%) MSS tumors had tumor cell expression (P = .02)
EFigure 1AN and NTable 20. PD-L1 expression in one posi-
tive MSS tumor was low and was only seen in 2% of total
tumor cells. Tumor cell expression in positive MSI-H
tumors ranged from 1% to 90%, with 13 of the 28 tumors
showing expression on 10% or more of the tumor cells.
In addition, PD-L1 expression was most prominent on
tumor cells at the invasion front.

Among MSI-H tumors, medullary carcinomas
expressed PD-L1 on tumor cells (Images 1A and 1B)
more frequently than typical adenocarcinoma, NOS or
mucinous adenocarcinomas (P < .01; BFigure 1BE and
Table 2). However, there was no difference in tumor cell
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ITable 10

Opverall Clinicopathologic Features of Microsatellite Instability-
High (MSI-H) and Microsatellite Stable (MSS) Intestinal
Carcinomas

MSI-H, MSS, Total,
No. (%) No. (%) No. (%)

Characteristic (n=115) (n=41) (n =156)
Sex

Male 55 (48) 30 (73) 85 (54)

Female 60 (52) 1 (27) 71 (46)

Age (y), mean + SD 64 + 16 62 + 13 63 + 15
Location

Right colon 85 (74) 12 (29) 97 (62)

Left colon 13 (11) 15 (37) 28 (18)

Rectum 11 (10) 14 (34) 25 (16)

Small bowel 6 (5) 0(0) 6 (4)
Histologic types

Adenocarcinoma, 79 (69) 39 (95) 118 (76)

NOS

Medullary 14 (12) 01(0) 14 (9)

Mucinous 22 (19) 2 (5) 24 (15)
Tumor stage

I 26 (23) 7(17) 33 (21)

Il 53 (46) 17 (42) 70 (45)

1l 29 (25) 13 (32) 42 (27)

\% 7 (6) 3(7) 10(6)

Unknown 0(0) 1(2) (1)
BRAF

Wild type 60 (52) — —

Lynch 29 (25) — —

Unknown 31 (27) — —

Mutant (V60OE) 41 (36) — —

Unknown 14 (12) — —

NOS, not otherwise specified.

PD-L1 expression between typical adenocarcinomas
and mucinous adenocarcinomas. Most of the medullary
carcinomas expressed PD-L1 on 10% or more of the tumor
cells (Table 2). There was a statistically significant differ-
ence in nucleotide shift in MSI PCR electropherograms
(P < .05) between tumors with and those without tumor
cell PD-L1 expression BFigure 20. BRAF-mutated MSI-H
tumors tended to more frequently express PD-L1 on
tumor cells compared to BRAF wild-type MSI-H tumors
(14/41 vs 9/60; NFigure 1CH); however, statistically the
difference was not significant after correcting for the
Bonferroni effect. There was no difference in tumor cell
PD-L1 expression between Lynch-associated and BRAF-
mutated cancers (5/29 vs 14/41; Table 2).

Expression of PD-L1 by Tumor-Associated Immune Cells

Compared to MSS tumors, MSI-H intestinal
carcinomas frequently expressed PD-L1 on tumor-
associated immune/inflammatory cells (14/41 vs 77/115;
P < .01; Table 2 and Figure 1A). The tumor-associated
immune cells were composed predominantly of
macrophages and lymphocytes.
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Blmage 10 Expression of programmed death protein-1 ligand (PD-L1) by colon cancers. A, An H&E stain shows a medullary
carcinoma with prominent intratumoral lymphocytes and peritumoral inflammation (x40). B, The tumor in A shows expres-
sion of PD-L1 by tumor cells and peritumoral inflammatory cells (x100). C, A conventional moderately differentiated adeno-
carcinoma with peritumoral inflammation at the invasive front (H&E, x100). D, The tumor in € shows expression of PD-L1 by
peritumoral inflammatory cells but not by tumor cells (x200).

Among MSI-H tumors, PD-L1 expression by im-
mune cells was not statistically different between typical
adenocarcinoma, NOS, mucinous adenocarcinoma, and
medullary carcinoma after correcting for the Bonferroni
effect (57/79 vs 8/22 vs 12/14; Table 2, Images 1C and 1D,
and Figure 1B). However, mucinous adenocarcinomas
tended less frequently to express PD-L1 on immune cells,
which might have partially contributed to limited numbers
of tumor-associated immune cells in these tumors. All
22 mucinous adenocarcinomas in this cohort, however,
contained tumor-associated immune cells intratumorally
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and at the invasion front, but they did not express PD-L1
in 14 negative cases.

There was no difference in PD-L1 expression by im-
mune cells between BRAF mutant and wild type tumors
as well as between BRAF mutant and Lynch-associated
carcinomas (Figure 1C). Average nucleotide shifts were
not significantly different between tumors with and those
without immune cell PD-L1 expression (Figure 2).

PD-L1 was expressed by immune cells that were
intermingled with cancer glands/clusters (intratumoral
immune cells) and also at the invasive front of the tumor
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BFigure 10 Expression of programmed death protein-1 ligand (PD-L1) by tumor cells, inflammatory cells, and combined pos-
itive score (CPS). A, Microsatellite instability-high (MSI-H) vs microsatellite stable (MSS) intestinal carcinomas. B, Different
histologic subtypes of MSI-H intestinal cancer: adenocarcinoma, not otherwise specified (NOS), mucinous, and medullary
carcinoma. €, BRAF wild type (BRAFFWT), Lynch-associated, and BRAF mutant (BRAFFmut) MSI-H intestinal carcinomas. *QOriginal
Pvalue was <.05 but was >.05 after correction for the Bonferroni effect.

(peritumoral immune cells). For most cases with immune
cell PD-L1 expression, the expression was most prom-
inent at the invasive front (Images 1C and 1D), with
only scattered clusters of intratumoral immune cells
(mainly macrophages) expressing PD-L1 Hlmage 2AN. In
three cases, there were sheets of intratumoral immune
cells among tumor glands. Most of these cells (mainly
macrophages) strongly expressed PD-L1 Elmage 2BI.

Evaluation of PD-L1 Expression by CPS

Overall, 75 of 115 (65%) MSI-H tumors had a CPS
of 1% or higher, ranging from 1% to 100%, and 35 of
them had a score of 10% or higher (Table 2 and Figure
1A). On the other hand, only 10 of 41 (24%) MSS
tumors had a positive CPS (P < .01), all of which were
less than 10%.

Among MSI-H tumors, CPS was more likely positive
in medullary carcinomas or typical adenocarcinomas than
in mucinous carcinomas (P < .01 and P = .04, respectively;
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Figure 1B), and no statistical difference was observed be-
tween medullary carcinomas and typical adenocarcinomas.
There was no difference in BRA Fmutational status between
CPS-positive and CPS-negative tumors. Additionally, no
difference in CPS was observed between BRAF mutant
and Lynch-associated tumors (Table 2 and Figure 1C).
CPS-positive MSI-H tumors had more nucleotide shift in
MSI PCR electropherograms compared to CPS-negative
MSI-H tumors (6.8 £ 0.2 vs 5.5 + 0.5; P < .01; Figure 2).

Only two patients with MSI-H tumor in this cohort
were treated with checkpoint inhibitors. The first patient
was a 65-year-old man who had a stage IV, BRAF wild-
type mucinous adenocarcinoma with no PD-L1 expres-
sion on tumor cells or immune cells. This patient had
disease progression on pembrolizumab. The second pa-
tient, a 72-year-old woman, had a stage IV BRAF mu-
tant typical adenocarcinoma and demonstrated a partial
response on nivolumab. The tumor from the second pa-
tient showed immune cell PD-L1 expression with a CPS
of 1%.
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ITable 20
Expression of PD-L1 in Microsatellite Instability-High (MSI-H) and Microsatellite Stable (MSS) Intestinal Carcinoma
Tumor Cells Immune Cells CPS 21%
Positive, Negative, Positive, Negative, Positive, Negative,
Positivity, % No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
MSI-H (n = 115) 28 (24) 87 (76) 77 (67) 38 (33) 75 (65) 40 (35)
Histologic subtypes
Adenocarcinoma, NOS (n = 79)
>50% 1(1) 2(3) 5(7)
>10% to <560% 5 (6) 21 (26) 19 (24)
>1% to <10% 9(12) 34 (43) 31 (39)
Total 15 (19) 64 (81) 57 (72) 22 (28) 55 (70) 24 (30)
Mucinous carcinoma (n = 22)
>50% 0 (0) 0(0) 1(5)
>10% to <50% 0(0) 1(5) 1(5)
>1% to <10% 1(5) 7 (31) 5(21)
Total 1(5) 21 (95) 8 (36) 14 (64) 7 (31) 15 (68)
Medullary carcinoma (n = 14)
>50% 3(21) 0(0) 4(29)
>10% to <50% 4 (29) 3(22) 5 (35)
>1% to <10% 5 (36) 9 (64) 4 (29)
Total 12 (86) 2 (14) 12 (86) 2 (14) 13 (93) 1(7)
BRAF status
BRAF wild type (n = 60)
>50% 1(2) 1(2) 3(5)
>10% to <50% 1(2) 18 (30) 17 (28)
>1% to <10% 7 (11) 23 (38) 21 (35)
Total 9 (15) 51 (85) 42 (70) 18 (30) 41 (68) 19 (32)
Lynch (n = 29)
>50% 1(3) 0(0) 2(7)
>10% to <560% 0(0) 11 (38) 11 (38)
>1% to <10% 4 (14) 10 (36) 8 (27)
Total 5(17) 24 (83) 21 (72) 8(28) 21 (72) 8(28)
BRAF mutant (n = 41)
>50% 2 (5) 1(2) 5(12)
>10% to <50% 5(12) 5(12) 6 (15)
>1% to <10% 7(17) 20 (49) 15 (36)
Total 14 (34) 27 (66) 26 (63) 15 (37) 26 (63) 15 (37)
MSS (n = 41)
>50% 0(0) 0(0) 0(0)
>10% to <560% 0 (0) 2 (5) 0(0)
>1% to <10% 1(2) 12 (29) 10 (24)
Total 1(2) 40 (98) 14 (34) 27 (66) 10 (24) 31 (76)
CPS, combined positive score; NOS, not otherwise specified.
P<.05 P<.01
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IFigure 20 Number of nucleotide shifts (mean + SEM) in polymerase chain reaction-based microsatellite instability testing in
programmed death protein-1 ligand positive and negative tumors. CPS, combined positive score.
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BImage 20 Expression of programmed death protein-1 ligand (PD-L1) by immune cells within tumor (x200). A, Small clusters
of immune cells among cancer glands expressing PD-L1. B, Sheets of immune cells among cancer glands expressing PD-L1.

Discussion

The next significant revolution in cancer therapy
appears to be immune system-related therapies, with PD-1
blockade being the first approved class of agents. This
therapy is being utilized for non-small cell lung cancers as
second-line and, in some instances, first-line protocol."”*
While PD-L1 expression has been used as a biomarker for
immunotherapy in some tumors, including lung cancers,
mismatch repair deficiency predicts response of other solid
tumors to PD-1 blockade."'"'* Objective radiographic
responses to PD-1 inhibition were observed in 53%, and
complete responses were achieved in 21% patients, with
advanced mismatch repair-deficient cancers across 12 dif-
ferent tumor types, including CRCs.'* On the other hand,
mismatch repair-proficient CRCs showed no objective re-
sponse and only an 11% progression-free survival rate.

Although MSI status is highly predictive of response
to PD-1 blockage, PD-1 inhibition showed no signif-
icant effect on approximately 20% MSI-H CRCs." The
question is whether there is variable PD-L1 expression
in these MSI-H tumors, which could affect the response.
Le et al’' performed PD-L1 immunohistochemistry on
CRC:s treated with pembrolizumab, an antibody to PD-1,
and observed PD-L1 expression only by MSI-H CRCs.
However, correlation between the expression and response
within MSI-H CRCs was not evaluated, likely due to the
small sample size. When comparing PD-L1 expression by
MSI-H and MSS CRCs, previous studies also identified
an association of PD-L1 expression on tumor cells with
medullary morphology,” which was also observed in this
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study. In addition, in this study we systemically analyzed
PD-L1 expression on both tumor and immune cells
among the three main histologic variants of MSI-H intes-
tinal carcinoma using paraffin-embedded tumor blocks.
Medullary carcinoma most frequently expressed PD-L1
on tumor cells in comparison to the other two subtypes.
Both medullary and typical adenocarcinomas tended
to highly expressed PD-L1 on immune cells. Mucinous
adenocarcinomas demonstrated the least frequent PD-L1
expression of all the CRCs, and this decreased expression
was noted both on tumor cells and immune cells. In this co-
hort, we had only two patients with MSI-H tumor treated
with checkpoint inhibitors. Interestingly the mucinous
tumor with negative PD-L1 expression did not respond to
the treatment, whereas a partial response was observed in
the patient with typical adenocarcinoma showing PD-L1
expression. Large-scale studies correlating treatment re-
sponse with histologic subtypes and PD-L1 expression
are warranted to determine whether they predict treat-
ment response to immunotherapies.

Consistentwith previousstudies, ®*' PD-L1 expression
was observed on both tumor cells and tumor-associated
immune/inflammatory cells, and the expression was more
prominent on tumor-associated immune cells at the inva-
sive front. In this study, only 24% of the tumors expressed
PD-L1 on tumor cells, whereas 67% expressed PD-L1 on
tumor-associated immune cells. There is increasing evi-
dence showing that this peritumoral immune cell expres-
sion of PD-L1 may also have a significant role in host
immune response.'”” MSI-H CRCs in Le et al’s series’'
showed PD-L1 expression mainly by tumor-associated
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immune cells, but these tumors responded well to PD-L1
inhibitor therapy. In addition, the CPS, which takes into
account PD-L1 expression by both tumor and tumor-
associated immune cells, has been developed and refined
for gastric and esophageal adenocarcinomas.'

Significant tumor response to PD-1 inhibitors may be
due to the increased mutational burden these tumors carry,
which may increase the number of potential epitopes for
immune activation.” For that reason, we investigated the
association between the MSI patterns generated by PCR
and PD-L1 expression in MSI-H intestinal carcinoma. We
speculate that more nucleotide shifts in tumor DNA may in-
dicate more DNA replications/cell divisions and potentially
the accumulations of more genetic alterations in the tumor.
We observed that MSI-H tumors with PD-L1 expression
demonstrated more nucleotide shifts in MSI patterns as
noted on the electopherograms of the PCR products.

In conclusion, PD-L1 expression is different among
histologic variants of MSI-H intestinal adenocarcinoma.
Genetic alterations may also be correlated with PD-L1
expression in these tumors. Further studies correlating
morphology and efficacy of anti-PD-L1/PD-1 therapies
may clarify the significance of different PD-L1 expression
in these tumors.
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