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Immune checkpoint blockade targeting the programmed death-1 (PD-1) pathway has shown efficacy in several
types of cancers including mismatch-repair-deficient colorectal carcinoma. In some tumor types, programmed
death-ligand 1 (PD-L1) expression detected by immunohistochemistry has shown utility as a predictive marker
for response to anti-PD-1 therapies. This utility, however, remains to be determined in colorectal carcinoma. In
addition, although tumor-infiltrating lymphocytes have been associated with better prognosis in colorectal
carcinoma, the prognostic value of PD-1 expression in these lymphocytes and its interaction with PD-L1
expression still await investigation. To address these questions, we performed a pilot study to evaluate the
patterns of PD-L1 and PD-1 immunohistochemical expression on colorectal carcinoma cells and their tumor-
infiltrating lymphocytes, respectively. Using tissue microarray, we found that 5% (19/394) of colorectal
carcinomas exhibited high tumor PD-L1 expression, and 19% (76/392) had elevated numbers of PD-1-positive
tumor-infiltrating lymphocytes. PD-L1 levels correlated with PD-1 levels (P < 0.001), and mismatch-repair-
deficient tumors had significantly higher rates of high PD-L1 and PD-1 expression when compared with
mismatch-repair-proficient tumors (18% vs 2% and 50% vs 13%, respectively; P<0.001 for both). Staining
intensity was also stronger for both markers in mismatch-repair-deficient tumors. Furthermore, we observed that
among patients with mismatch-repair-deficient colorectal carcinoma, PD-1/PD-L1 expression stratified
recurrence-free survival in an inter-dependent manner: an association between high PD-1-positive tumor-
infiltrating lymphocytes and improved recurrence-free survival (P=0.041) was maintained only when the tumors
had low-level PD-L1 expression (P=0.006); patients whose tumors had both high PD-1-positive tumor-infiltrating
lymphocytes and high PD-L1 expression had a significantly worse recurrence-free survival (P < 0.001). Thus, our
results not only provide a foundation for further assessment of PD-L1 immunohistochemistry as a predictive
marker for anti-PD-1 therapy in colorectal carcinoma, they also shed light on the prognostic impact of tumor-

infiltrating lymphocytes in different subsets of mismatch-repair-deficient colorectal carcinomas.
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In recent years, targeted therapies using antibodies
against immune checkpoints have shown promising
results in the treatment of various malignancies
including melanoma, lung carcinoma, renal cell
carcinoma, and urothelial carcinoma.~” The ratio-
nale for such an approach lies in the fact that
immune checkpoints, such as programmed death-1
(PD-1) and its ligand programmed death-ligand
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1 (PD-L1), are an immune-inhibitory mechanism by
which carcinoma cells evade antitumor immunity.
Expression of PD-L1 can negatively regulate T-cell
antitumor activity by binding to the PD-1 receptor on
the T cells. Thus, it is not surprising that in many
tumors showing response to anti-PD-1 therapy, the
tumor cells show expression of PD-L1 when tested
by immunohistochemistry.2:3:6-8

In colorectal carcinoma, the efficacy of immune
checkpoint therapy has been limited.?#5%10 It was
confirmed only recently that colorectal carcinomas
with proficient mismatch-repair function, which
account for up to 96% of all metastatic colorectal
carcinomas, are unlikely to respond to anti-PD-1
therapy. In a phase 2 study, objective response
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to pembrolizumab, an anti-PD-1 antibody, was
achieved only in patients with mismatch-repair-
deficient colorectal carcinoma (4/10, 40%) and not
in patients with proficient mismatch-repair color-
ectal carcinoma (0/18, 0%).1% A question that follows
is whether among the mismatch-repair-deficient
colorectal carcinomas, PD-L1 and/or PD-1 expres-
sion bear any informative value in predicting
response to anti-PD-1 therapy. Toward addressing
this question, it is important to first determine
whether immunohistochemical detection of PD-L1
and PD-1 is feasible in colorectal carcinoma and
what their staining patterns are. Thus far, data in
these regards are sketchy and incomplete.

Tumor-infiltrating lymphocytes have long been
associated with an improved outcome in patients
with colorectal carcinoma.'' Notably, most color-
ectal carcinomas with significantly increased lym-
phocytes fall into the mismatch-repair-deficient
subset.’? In this subset, it is unclear to what extent
mismatch-repair deficiency per se versus high
number of lymphocytes or both contribute to the
better prognosis observed. It is intriguing to note that
recent data have indicated that not all mismatch-
repair-deficient colorectal carcinomas have a good
prognosis.'®1* Could such prognostic differences be
related to the lymphocyte infiltration in the tumors?
Do the levels of PD-1 or PD-L1 expression in
lymphocytes and tumor cells affect the prognostic
impact of the tumor-infiltrating lymphocytes?

With these considerations, we designed this pilot
study with two objectives. The first was to obtain
preliminary data that may serve as a foundation for
further exploration of the utility of PD-1 and PD-L1
immunohistochemistry as clinically relevant measures
of response to anti-PD-1 therapies in colorectal car-
cinoma. For this, we examined the PD-1 and PD-L1
immunohistochemical expression patterns in a large
series of colorectal carcinomas encompassing all tumor
stages. The second objective was to evaluate the pro-
gnostic association, independent of immune checkpoint
blockade, of PD-1 and PD-L1 in colorectal carcinomas
with and without mismatch-repair deficiency.

Materials and methods
Patient and Tumor Characteristics

Study cases consisted of colorectal carcinomas surgi-
cally resected at a single cancer center. Only cases with
accessible tissue blocks and clinical follow-up were
included. Hematoxylin and eosin (H&E) sections of all
cases were systematically reviewed for pathologic
features including tumor histologic type, differentia-
tion, tumor-infiltrating lymphocytes (scored 0—3 with 0
being <1 tumor-infiltrating lymphocyte per 10 high
power fields, 1 being 1-15 per 10 high power fields, 2
being >15 but < 215 per 10 high power fields, and 3
being 215 or more per 10 high power fields), and
peritumoral lymphocyte aggregates (scored 0—2 with 0
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being none, 1 being a few often <5, and 2 being >5).
Tumor location was defined as being left-sided if the
tumor was located at or distal to the splenic flexure.
Chart review was performed to obtain clinical data
including age, sex, neoadjuvant therapy, follow-up
intervals, and time to recurrence. The study was
approved by the institutional review board.

Tissue Microarray

The ATA-27 automated arrayer (Beecher Instruments,
Sun Prairie, WI, USA) was used to create the tissue
microarrays with 0.6 mm punch size. Tissue micro-
arrays were constructed from representative tumor
blocks for each case. Three cores of different areas of
the tumor were sampled from each tumor specimen.
Cases with no analyzable tumor in the resulting tissue
microarrays were excluded from final analysis. The
minimal requirement for a case to be regarded as
analyzable was the presence of at least 1 intact core.

Immunohistochemical Analyses

Immunohistochemistry for PD-1 and PD-L1 was
performed on tissue microarray slides. For PD-1,
we used a monoclonal antibody against PD-1 (clone
NAT105, ready to use, Catalog # 760-4895, Cell
Marque) on the Ventana Benchmark Ultra (Ventana
Medical Systems, Tucson, AZ, USA). After optimiz-
ing the immunohistochemical conditions, the slides
were deparaffinized. Target retrieval was performed
for 24 min using ‘Cell Condition 1’. The incubation
time for the primary antibody was 16 min. The slides
were washed, followed by incubation with the
secondary antibody and final development with the
3,3’-Diaminobenzidine Map Kit (Ventana, Catalog #
760-700) for 10min, and detected with Ventana
Optiview (Ventana, Catalog # 760-700).

For PD-L1 immunohistochemistry, we used a
monoclonal antibody against PD-L1 (clone E1L3N,
dilution 1:250; Cell Signaling Technology, Danvers,
MA, USA) on the Leica’s Bond III platform (Leica
Biosystems, Buffalo Grove, IL, USA). The dilution
factor of this antibody was optimized by using liver
parenchyma as negative control and tonsil tissue as
positive control as recommended. In addition to
antibody concentration, we also optimized target
retrieval buffer. After optimizing the immunohisto-
chemical conditions, the slides were deparaffinized.
Target retrieval was performed in standard Epitope
Retrieval Solution 2 (Catalog # AR 9640, pH 9.0)
slightly basic buffer. The primary antibody was
diluted by 1:100 with a final concentration of
0.2 pg/ml. The incubation time for the primary anti-
body was 30 min. The slides were washed, followed
by incubation with the secondary antibody and final
development with the 3,3’-Diaminobenzidine Map
Kit (Leica Biosystems, Catalog # DS9800) for 7 min,
and detected with Leica’s Bond Polymer Refine
(Leica Biosystems, Catalog # DS9800).
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Figure 1 Immunohistochemical staining for PD-1 and PD-L1. The intensity of PD-1 expression on intraepithelial lymphocytes was scored
as: 0 for no staining (a), 1+ for faint staining (b), and 2+ for moderate or strong staining (c). The intensity of PD-L1 expression on tumor cells
was scored on a similar scale: 0 for no staining (d), 1+ for faint staining (e), and 2+ for moderate (f) or strong (g) staining. Staining of PD-L1
was seen in two patterns: staining primarily at the tumor-stroma interface and in both tumor cells and lymphocytes or immune cells (f), or
diffuse labeling in the tumor cells (g). Inset in figure f highlights positive staining in both tumor cells (solid arrow) and lymphocytes (open

arrow).

The stains for PD-1 and PD-L1 were scored as follows:
(1) the amount of cells staining (percent of tumor cells
staining for PD-L1, and the number of tumor-infiltrating
lymphocytes per square millimeter of tumor staining for
PD-1); and (2) the staining intensity using a scale of 0 to
2+: 0 for no staining, 1+ for faint staining, and 2+ for
moderate or strong staining (Figure 1).

Immunohistochemical staining for MLH1, PMS2,
MSH2, and MSH6 was performed on the tissue
microarrays using standard streptavidin-biotin-pero-
xidase procedure. Primary monoclonal antibodies
used included MLH1 (clone G168-728, diluted
1:250, BD PharMingen, San Diego, CA, USA), MSH2
(clone FE11, diluted 1:50, Oncogene Research Pro-
ducts, Cambridge, MA, USA), MSH6 (clone GRBP.
P1/2.D4, diluted 1:200; Serotec, Raleigh, NC, USA),
and PMS2 (clone A16-4, diluted 1:200, BD PharMin-
gen, San Diego, CA, USA). Non-neoplastic colonic
mucosa and colorectal carcinoma known to be
deficient of MLH1, MSH2, MSH6 and PMS2 were
used as external positive and negative controls,
respectively. Negative protein expression was defined
as complete absence of nuclear staining within tumor
cells in the presence of concurrent positive labeling
in internal non-neoplastic tissues. Negative or equi-
vocal protein expression detected on tissue micro-
array was followed up with immunohistochemistry
performed on corresponding whole-tumor sections of
the resection specimen following the same protocol.
For the cases where repeated immunohistochemical

staining was performed on whole sections, the results
of the whole section were used for final analysis.

Statistical Analysis

Descriptive and comparative statistics were performed
using IBM Statistical Software for the Social Sciences
version 22 (IBM Corporation, Armonk, NY, USA).
Continuous variables were compared using the Stu-
dent's t-test. Categorical variables were compared
using 4? or the Fisher exact test depending on the
number of observations. A P-value <0.05 was con-
sidered significant. Survival distributions were esti-
mated using the Kaplan—-Meier method and differences
were assessed using the log-rank statistic. Time to
event was calculated from date of colonic resection to
date of event. An event for recurrence-free survival
was defined as recurrence or death. Patients without
the event of interest at last follow-up were censored. A
Cox regression model, employing the backwards
conditional method, was used to adjust for confoun-
ders. Parameters with P < 0.05 on univariate analysis
were included in the regression model.

Results
Patient Demographics

A total of 395 patients were included in the study.
The average age of the patients at surgical resection
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Table 1 Patient demographics (N=395)

n? (%)

Age (years, mean +s.d. (range)) 55+15 (18-90)

Sex

Male 201 (51)

Female 194 (50)
Tumor differentiation

Well 11 (3)

Moderate 326 (83)

Poor 54 (14)
Medullary features

Yes 16 (7)

No 230 (93)
Signet ring cell features

Yes 5 (1)

No 371 (99)
Mucinous features

Yes 69 (18)

No 307 (82)
Location

Right colon 155 (39)

Left colon 239 (61)
Neoadjuvant treatment

Yes 39 (10)

No 343 (90)
T-stage

Tis 2 (1)

T1 28 (7)

T2 64 (17)

T3 220 (57)

T4 70 (18)
N-stage

No 188 (50)

N1 118 (32)

N2 67 (18)
AJCC stage

I 60 (15)

I 114 (29)

I 132 (34)

v 83 (21)
Tumor-infiltrating lymphocyte score

0 —< 1 TIL per 10 high power fields 74 (19)

1-1 to 15 TILs per 10 high power fields 175 (46)

2 — >15 but <215 TILs per 10 high power fields 109 (28)

3 —>215 TILs per 10 high power fields 35 (9)
Peritumoral lymphocyte aggregates

0 — None 230 (59)

1 — Few 160 (41)

2 — Many 1 (0)
Mismatch-repair protein status

Mismatch-repair proficient 321 (83)

Mismatch-repair deficient 68 (17)
PD-1 expression (on TILs)

Low 316 (81)

High 76 (19)
PD-L1 expression

Low 375 (95)

High 19 (5)

Follow-up (months, mean +s.d. (range)) 55+40 (< 1-393)

Abbreviations: AJCC, American Joint Committee on Cancer; PD-1,
programmed death-1; PD-L1, programmed death-ligand 1; TILs, tumor-
infiltrating lymphocytes.

aDiscrepancy in the number of cases is due to lack of data on several cases.
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was 55+15 years. Of the patients assessed, 55%
were high stage (AJCC stage III or IV) and 10%
received neoadjuvant chemotherapy. The complete
patient demographics are shown in Table 1.

Immunohistochemical Expression of PD-1, PD-L1, and
Mismatch-Repair Proteins

Data on PD-1 and PD-L1 were obtained on 389
tumors. PD-1 positivity was observed in both tumor-
infiltrating lymphocytes and stromal lymphocytes.
PD-L1 staining was observed in tumor cells as well
as lymphocytes or immune cells; tumor cell staining
for PD-L1 occurred in two patterns: primarily along
the tumor-stromal interface (84%, Figure 1f) or
diffuse (16%, Figure 1g). In the formal scenario, the
stained interfaces were not limited to the invasive
front or the periphery of large groups of tumor cells;
they could be intra-tumoral as well (wherever tumor
cells were juxtaposed with stroma cells). For both
markers, both membranous and cytoplasmic staining
were regarded as positive.

Of the 389 tumors, 68 were found to be mismatch-
repair deficient by immunohistochemistry. Mis-
match-repair deficiency correlated significantly with
PD-1 and PD-L1 expression by both staining inten-
sity and the percentage of cell staining (P < 0.001 for
both). By maximizing the sensitivity and specificity
of PD-L1 or PD-1 expression in predicting mismatch-
repair status through receiver-operating characteris-
tic curve analyses,’> we derived the following
criteria to separate tumors into high and low PD-L1
and PD-1 expression categories. 'High-level PD-L1'
corresponded to >1% of tumor cells staining with
2+ intensity; 'high PD-1-positive tumor-infiltrating
lymphocytes' corresponded to a measure of >1.43
tumor-infiltrating lymphocytes of 1+ or 2+ intensity
per square millimeter. With these criteria,
18 and 50% of mismatch-repair deficient tumors
exhibited high-level PD-L1 and high PD-1-positive
tumor-infiltrating lymphocytes, respectively; on the
other hand, these rates for mismatch-repair-
proficient tumors were only 2% and 13%, respec-
tively (P < 0.001 for both).

For the entire group, 5% had high-level
PD-L1 (19/394) and 19% had high PD-1-positive
tumor-infiltrating lymphocytes (76/392). The PD-L1
staining was diffuse in 16% of the high-level
positive cases. Expression of PD-L1 and that of
PD-1 were positively correlated: 68% of the cases
with high-level PD-L1 also displayed high PD-1
positive tumor-infiltrating lymphocytes, and 98%
of the cases with low PD-1 positive tumor-infiltrating
lymphocytes also had low-level PD-L1 (r=0.28,
P<0.001). PD-1 levels maintained a positive
correlation with PD-L1 levels when assessing only
the mismatch-repair deficient or mismatch-repair
proficient tumors (P=0.017 and P=0.013,
respectively).



Association Between PD-L1/PD-1 and
Clinicopathologic Parameters

The association between PD-1 expression, PD-L1
expression, and clinicopathologic parameters is
shown in Table 2. High PD-1-positive tumor-infil-
trating lymphocytes and high-level PD-L1 correlated
with the various clinicopathologic parameters that
were more often associated with mismatch-repair
deficiency including medullary morphology, right
sided location, high H&E tumor-infiltrating lympho-
cyte score, high H&E peritumoral lymphocyte aggre-
gate score, and younger age (all P < 0.05). Many of
these associations remained significant even when
controlling for mismatch-repair status, including
medullary morphology, high H&E tumor-infiltrating
lymphocyte score, and high H&E peritumoral lym-
phocyte aggregate score (all P < 0.05). Overall, high-
level PD-L1 expression was also associated with
female sex (P=0.029), whereas high PD-1-positive
tumor-infiltrating lymphocytes was associated with
lower N-stage (P=0.001) and lower overall AJCC
stage group (P < 0.001).

Survival Analysis

The follow-up time for all patients was
55 +40 months (range, 0.4—393 months). Univariate
analysis of the entire patient cohort identified the
following parameters as significant predictors for
recurrence-free  survival: age (P=0.041), sex
(P=0.025), T-stage (P <0.001), N-stage (P < 0.001),
AJCC stage group (P < 0.001), H&E tumor-infiltrating
lymphocyte score (P=0.002), H&E peritumoral lym-
phocyte aggregate score (P=0.007), and PD-1 expres-
sion (P=0.011).

When the patients were stratified by mismatch-
repair status, many factors remained significant.
However, the significance for PD-1 expression was
only observed in the mismatch-repair-deficient
group (Figure 2). High-level PD-1-positive tumor-
infiltrating lymphocytes correlated with a signifi-
cantly better recurrence-free survival among
mismatch-repair-deficient patients (Figures 2c,
P=0.041). In addition, as shown in Figure 2, tumor
PD-L1 expression also emerged as a significant factor
in the mismatch-repair-deficient group; high-level
PD-L1 was associated with a significantly worse
recurrence-free survival (Figures 2f, P=0.026). On
the other hand, in the mismatch-repair-proficient
group, neither PD-1 nor PD-L1 showed a statistically
significant association with recurrence-free survival.

On multivariate analysis, both PD-1 and PD-L1
expression were shown to be independent factors
associated with recurrence-free survival within the
mismatch-repair-deficient group (PD-1: hazard ratio
0.03, 95% confidence interval, 0.0-0.42, P=0.01;
PD-L1: hazard ratio 22.86, 95% confidence interval,
1.99-263.21, P=0.012), along with AJCC staging
(hazard ratio 5.36, 95% confidence interval,
1.81-15.84, P=0.002) (Table 3). PD-1 and PD-L1
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were not independent factors associated with
recurrence-free survival in the mismatch-repair-
proficient group or the entire patient cohort.
Further assessment revealed that within the
mismatch-repair deficient group, PD-1 and PD-L1
were associated with recurrence-free survival in a
co-dependent manner with combined high PD-L1
expression and high PD-1 positive tumor-infiltrating
lymphocytes associating with a worse recurrence-
free survival. As shown in Table 4, the association of
high PD-1-positive tumor-infiltrating lymphocytes
with a better recurrence-free survival was observed
only among the group that had low-level PD-L1
(P=0.006), and not among the group with high-
level PD-L1 (P=0.061). Conversely, the association
of high PD-L1 levels with a worse recurrence-free
survival was observed only among the group that
had high PD-1-positive tumor-infiltrating lympho-
cytes (P < 0.001) and not in the group with low PD-1-
positive tumor-infiltrating lymphocytes (P=0.082).

Discussion

This study represents one of the first studies to
systematically evaluate the frequency and pattern of
immunohistochemical expression of PD-1 and PD-L.1
in colorectal carcinoma. Our results showed that
immunohistochemical detection of these markers
was feasible and technically achievable. Of the 394
colorectal carcinomas that we evaluated, the rate of
high PD-1-positive tumor-infiltrating lymphocytes
was 19%, and high-level PD-L1 expression in the
tumor cells was 5%. Both high PD-1-ositive tumor-
infiltrating lymphocytes and high-level PD-L1 were
significantly more frequent in mismatch-repair-
deficient colorectal carcinomas than in mismatch-
repair-proficient colorectal carcinomas. In addition,
our results showed for the first time that the positive
prognostic impact of tumor lymphocytes in patients
with mismatch-repair-deficient colorectal carcinoma
was negated by the presence of high-level PD-L1 in
the tumors.

Defining the patterns of immunohistochemical
expression of PD-1 and PD-L1 in colorectal carcinoma
is clinically relevant as it provides a foundation for
further exploration of the test’s utility in predicting
treatment response to immune checkpoint inhibition
targeting the PD-1 pathway. In our analysis, we found
immunohistochemical assessment of PD-1 to be a
reliable and objective measure to evaluate the extent
of PD-1 expression. For PD-L1 staining, we used a
monoclonal antibody against PD-L1 from Cell Signal-
ing (clone E1L3N), and observed two readily recog-
nizable positive staining patterns in colorectal
carcinoma tumor cells: diffuse and focal. The former
is rare, constituting 16% of the positive cases. When
the staining is focal, it is characteristically present
along the tumor-stromal interface. In the positive
cases, positive staining in background lymphocytes
and mononuclear stromal cells frequently exists.
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Table 2 Comparison between PD-L1 high and low cases, and between PD-1 high and low cases?

PD-L1 PD-1 (on TILs)
Low (N=375) High (N=19) Low (N=316) High (N=76)
N (%) N (%) P-value N (%) N (%) P-value
Age (years, mean+s.d.) 55+15 65x15 0.002 55+ 14 59+16 0.031
Sex 0.029 0.650
M 195 (52) 5 (26) 163 (52) 37 (49)
F 180 (48) 14 (74) 153 (48) 39 (51)
Tumor differentiation 0.008 0.098
Well 10 (3) 1(5) 9 (3) 2 (3)
Moderate 314 (85) 11 (58) 267 (85) 57 (76)
Poor 47 (13) 7 (37) 16 (21) 37 (12)
Medullary features < 0.001 <0.001
Yes 10 (4) 6 (46) 5 (3) 11 (21)
No 223 (96) 7 (54) 118 (97) 41 (79)
Signet ring cell features 1.000 0.588
Yes 5 (1) 0 (0) 0 (0) 0 (0)
No 353 (99) 17 (100) 296 (98) 73 (100)
Mucinous features 0.958 0.442
Yes 65 (18) 3 (18) 57 (19) 11 (15)
No 293 (82) 14 (82) 244 (81) 62 (85)
Location 0.028 < 0.001
Right colon 142 (38) 12 (63) 106 (34) 49 (64)
Left colon 232 (62) 7 (37) 209 (66) 27 (36)
Neoadjuvant treatment 0.142 0.050
Yes 39 (11) 0 (0) 36 (12) 3 (4)
No 324 (89) 18 (100) 270 (88) 71 (96)
T-Stage 0.323 0.238
Tis 2 (1) 0 (0) 2 (1) 0 (0)
T1 26 (7) 2 (11) 19 (6) 9 (12)
T2 59 (16) 5 (28) 50 (16) 14 (19)
T3 213 (58) 6 (33) 176 (57) 43 (57)
T4 65 (18) 5 (28) 61 (20) 9 (12)
N-stage 0.067 0.001
NO 178 (51) 9 (50) 136 (45) 51 (71)
N1 109 (31) 9 (50) 105 (35) 13 (18)
N2 67 (19) 0 (0) 59 (20) 8 (11)
AJCC stage 0.397 <0.001
I 56 (15) 4 (21) 41 (13) 19 (25)
I 110 (30) 3 (16) 82 (26) 31 (41)
11 123 (33) 9 (47) 113 (36) 19 (25)
v 80 (22) 3 (16) 75 (24) 7 (9)
Tumor-infiltrating lymphocyte score <0.001 < 0.001
0 — <1 TIL per 10 high power fields 71 (19) 3 (16) 69 (22) 3 (4)
1-1 to 15 TILs per 10 high power fields 175 (47) 0 (0) 161 (51) 13 (17)
2 — >15 but < 215 TILs per 10 high power fields 101 (27) 7 (37) 76 (24) 33 (43)
3 —>215 TILs per 10 high power fields 26 (7) 9 (47) 8 (3) 27 (36)
Peritumoral lymphocyte aggregates 0.003 <0.001
0 — None 225 (61) 4 (21) 203 (65) 24 (32)
1 - Few 145 (39) 15 (79) 109 (35) 51 (68)
2 — Many 1 (0) 0 (0) 1 (0) 0 (0)
Mismatch-repair protein status < 0.001 < 0.0001
Mismatch-repair proficient 314 (85) 7 (37) 277 (89) 41 (55)
Mismatch-repair deficient 55 (15) 12 (63) 34 (11) 34 (45)
PD-1 expression on TILs < 0.001
Low 309 (83) 6 (32)
High 63 (17) 13 (68)

Abbreviations: AJCC, American Joint Committee on Cancer; PD-1, programmed death-1; PD-L1, programmed death-ligand 1; TILs, tumor-
infiltrating lymphocytes.

Number of cases for each category may be less than the total due to lack of data on several cases. Statistically significant P-values (P < 0.05) are
highlighted in bold.
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These patterns are similar to that observed in other
cancer types where the utility of immunohistochem-
istry as predictive markers is better defined, including
melanoma'® and lung carcinoma.”-18

In our study, we further demonstrated that, in
colorectal carcinoma, the high expressers of both
PD-1 and PD-L1 were mostly mismatch-repair-
deficient tumors. Recently, molecular analyses have
indicated that only a small subset of colorectal
carcinomas has upregulated mRNA expression of
the major immune checkpoint genes (including
PDCD1, CD274, CTLA4, LAG3, and TIGIT) and this
subset falls within the category of mismatch-repair-
deficient tumors.'®2% Clinically, as reported by
Le et al,'° in a phase II clinical trial, colorectal
carcinoma patients that showed immune-related
objective response to anti-PD-1 treatment all had
mismatch-repair-deficient tumors. Thus, all evi-
dence suggests the existence of a particular subset
of colorectal carcinomas that are mismatch-repair-
deficient, have activated PD-L1 function, and
respond to immune checkpoint inhibition. However,
as yet, data directly indicating that the positive cases
by immunohistochemistry are indeed the cases with
upregulated immune checkpoint genes and/or the
cases respond to anti-PD-1 therapy are still lacking.
Thus, further studies are needed. The PD-1 and
PD-L1 immunohistochemical staining patterns
observed in our study should serve as a foundation
for such studies, and incorporation of immunohis-
tochemistry in clinical trials is warranted.

Tumor-infiltrating lymphocytes are in general
regarded as an indicator of host immune response
to the tumor,'?! and have long been recognized
as a favorable prognostic marker in colorectal
carcinoma.?2-2% Prognostic studies thus far, however,
have mostly evaluated tumor-infiltrating lympho-
cytes outside the context of immune checkpoints. In
this study, we demonstrated that the expression of
immune checkpoint receptor PD-1 and its ligand
PD-L1 can indeed affect the impact of tumor-
infiltrating lymphocytes on recurrence-free survival.
Specifically, we demonstrated that overall, high
PD-1-positive tumor-infiltrating lymphocytes were
associated with a favorable outcome in mismatch-
repair deficient colorectal carcinoma patients, but
high-level PD-L1 expression was associated with a
worse recurrence-free survival. More interestingly,
we showed that when patients were further stratified
by PD-L1 or PD-1 levels, the favorable association
with outcomes of PD-1-positive tumor-infiltrating
lymphocytes was only observed in group of tumors
that did not have high-level PD-L1 expression.
Tumors with high-level PD-L11 expression had poor
prognosis regardless of PD-1 expression. Conversely,
the association of high-level PD-L1 expression with
worse recurrence-free survival was observed only in
the group of tumors that had high PD-1-positive
tumor-infiltrating lymphocytes. Tumors with low
levels of PD-1 tumor-infiltrating lymphocytes had
poor prognosis, regardless of PD-L1 expression.
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Immune checkpoints represent the major defense
system of the tumor against the host’s antitumor
immunity.?6 Efficient checkpoint function of the
tumor can lead to immune evasion and consequently
tumor progression. As PD-1 is a major component of
the PD-1 checkpoint pathway, our observation that
high-level PD-1-positive tumor-infiltrating lympho-
cytes correlated with favorable recurrence-free
survival in mismatch-repair-deficient colorectal car-
cinomas seems unexpected. However, the interpreta-
tion of our observation has to be made in conjunction
with the fact that the frequency of high-level PD-L1
expression is very low in colorectal carcinoma. High
tumor-infiltrating lymphocytes are common in
mismatch-repair-deficient colorectal carcinomas (pre-
sumably secondary to neo-antigens generated by a
high burden of frameshift mutations),?”-?8 and as an
inherent component of this adaptive immunity that
elicits the tumor-infiltrating lymphocytes, PD-1-
positive tumor-infiltrating lymphocytes develop as
well. However, for PD-1 to exert its immune-
inhibitory effect, there also needs to be PD-L1
expression by the tumor cells or other immune cells.
Thus, given the low frequency of high PD-L1
expression in colorectal carcinoma, the high PD-1-
positive tumor-infiltrating lymphocytes we observed
in most cases may merely reflect an elevation of
effector T cells in general. This assumption is indeed
supported by the fact that, when we sub-stratified our
cases, the favorable survival associated with high
PD-1-positive tumor-infiltrating lymphocytes is only
maintained in tumors with no or low PD-1.1, and not
in tumors with high PD-L1, and the negative associa-
tion with recurrence-free survival of PD-L1 was no
longer significant when the tumors did not have high
levels PD-1-positive tumor-infiltrating lymphocytes.

Thus, mismatch-repair-deficient colorectal carci-
nomas with 'high PD-1 and no or low PD-L1' are
likely to have an anti-tumoral immune microenvir-
onment in which the cytotoxic tumor-infiltrating
lymphocytes prevails and consequently they are
likely to have a better prognosis, whereas those with
both 'high PD-1 and high PD-L1" are likely to harbor
ongoing immune checkpoint activity and are conse-
quently more prone to progression and poor prog-
nosis. It can be further inferred that in colorectal
carcinoma, particularly in those that are mismatch-
repair-deficient, tumor-infiltrating lymphocytes are
necessary for both anti-tumoral and pro-tumoral
immunity. The balance between the two opposing
immune functions is largely dependent on the level
of PD-L1 expression. Further exploration in this area
may shed light not only on the understanding of
PD-1-positive tumor-infiltrating lymphocytes as a
prognostic indicator, but also on the utility of PD-1
and PD-L1 expression as predictors for treatment
response to immune therapy. Colorectal carcinomas
with both 'high PD-1 and PD-L1' may have an active
immune checkpoint activity and may therefore
represent the subset that benefit from anti-PD-1
therapy.

1439

MODERN PATHOLOGY (2016) 29, 14331442



PD-1 and PD-L1 in colorectal carcinoma

1440 LH Lee et al
a PD-1 - All Cases b PD-1 - MMR Proficient c PD-1 — MMR Deficient
1.0 4 1.0 4 104 =~
3 3 TR
S o8- \ $ 058 Sosq
g : C c i,
a e, DI PPN B a Wiz @ ¢
o 0.6 4 H o 06 4 o 06 4 ¢
o H @ [ :
w fr w
e i L 8 i
g 04 - i 2 04 1 2 04 - H
@ | — el e | Lesssss
E E E
3 = =
s 021 $ 021 8 02-
[+ 4 [: 4 4
- PD-1 High -1 PD-1 High - PD-1 High
0.04 p=0.011 +# PD-1 Low 004 p=0.175 -#* PD-1 Low 0.0 4 p=0.041 -#% PD-1 Low
0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 50 100 150 200 250 300
Months Months Months
d PD-L1 - All Cases e PD-L1 - MMR Proficient f PD-L1 - MMR Deficient
1.0 4 1.0 1
g g 0.8 1 g 08 -
§ § e 5
a } - | | . ~-Se— a i
™ H o 06 1 o 06 1
e i 4 2 H
w w w
e 8 8
g 2 04 1 g 04 A
el R z £
E E E
- = -
e 024 $ 0.2 1 © 02
4 o [+4
't PD-L1 Low .. PD-L1 Low . PD-L1 Low
0.0 4 p=0.464 -1 PD-L1 High 0.0 p=0.589 - PD-L1 High 00 4 p=0.026 -1 PD-L1 High
0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 50 100 150 200 250 300
Months Months Months

Figure 2 Kaplan—-Meier survival curves depicting recurrence-free survival of patients with colorectal carcinoma stratified by tumor-
infiltrating lymphocyte PD-1 expression and tumor cell PD-L1 expression. PD-1 expression stratified survival when all patients were
assessed (a). It was not a significant prognostic factor in patients with mismatch-repair proficient carcinomas (b), but was significant
among mismatch-repair-deficient carcinomas (c). PD-L1 expression did not stratify survival when assessing all patients (d) or in patients
with mismatch-repair proficient carcinomas (e), but did significantly stratify patients with mismatch-repair deficient carcinomas (f).
P-values were calculated by log-rank test.

Table 3 Relationship between clinicopathological characteristics and RFS among mismatch-repair-deficient tumors

Univariate analysis Multivariate analysis

Hazard ratio  P-value (Cox) P-value (log-rank) Hazard ratio P-value
Age 0.98 (0.95-1.01) 0.256 - -
Sex 1.16 (0.37-3.59) 0.801 0.801 - -
Tumor differentiation 1.32 (0.48-3.63) 0.587 0.525 - -
Medullary features 1.67 (0.36—7.72) 0.514 0.510 - —
Signet ring cell features No events - -
Mucinous features 1.18 (0.35-3.91) 0.793 0.793 - —
Tumor location 0.26 (0.07-0.91) 0.034 0.026 NS NS
Neoadjuvant treatment No events - -
T-Stage 3.42 (1.29-9.07) 0.014 0.073 NS NS
N-Stage 2.49 (1.23-5.07) 0.012 0.023 NS NS
AJCC Stage 5.01 (2.43-10.35) < 0.001 < 0.001 5.36 (1.81-15.84) 0.002
Tumor-infiltrating lymphocyte score 0.49 (0.27-0.90) 0.021 0.077 NS NS
Peritumoral lymphocyte aggregates 0.87 (0.26-2.88) 0.813 0.812 - -
PD-1 expression on tumor-infiltrating lymphocytes 0.28 (0.08—1.03) 0.056 0.041 0.03 (0.00-0.42) 0.010
PD-L1 expression on tumor 3.60 (1.08-12.0) 0.037 0.026 22.86 (1.99-263.21) 0.012

Abbreviations: AJCC, American Joint Committee on Cancer; N, node; NS, not significant; PD-1, programmed death-1; PD-L1, programmed death-
ligand 1; T, tumor.
Statistically significant P-values (P < 0.05) are highlighted in bold.

MODERN PATHOLOGY (2016) 29, 1433-1442



PD-1 and PD-L1 in colorectal carcinoma

LH Lee et al

Table 4 Interaction between PD-L1 and PD-1 on RFS among mismatch-repair-deficient tumors

5-year RFS (95% CI) P-value
Low-level PD-L1 Low PD-1-positive TILs 68% (50%—87%) 0.006
High PD-1-positive TILs All cases censored
High-level PD-L1 Low PD-1-positive TILs 50% (0%—100%) 0.061
High PD-1-positive TILs 33% (0%—83%)
Low PD-1-positive TILs Low-level PD-L1 68% (50%—87%) 0.082
High-level PD-L1 50% (0%—100%)
High PD-1-positive TILs Low-level PD-L1 All cases censored < 0.001

low-level PD-L1

33% (0%—-83%)

Abbreviations: CI, confidence interval; PD-1, programmed death-1; PD-L1, programmed death-ligand 1; RFS, recurrence-free survival; TILs, tumor-

infiltrating lymphocytes.

P-value calculated by log-rank test, with statistically significant differences (P < 0.05) in bold.

A limitation of our study is that the assessment of
PD-1 and PD-L1 was performed on tissue microarray
only. As the staining of these markers may be focal and
heterogeneous, tissue array cores may under-represent
cases with focal positivity. Furthermore, even though
our overall case number is relatively large, the positive
events both in terms of positive PD-1/PD-L1 labeling
and clinical outcome are still small.

Nonetheless, our study provided data indicating
that PD-1 and PD-L1 immunohistochemistry is
feasible in colorectal carcinoma, and in this tumor
type, high-level expression of these markers is a
feature tightly associated with mismatch-repair
deficiency. Our results may serve as a foundation
to further explore whether there is indeed added
value of PD-1/PD-L1 immunohistochemistry to MSI
in selecting colorectal carcinoma that might respond
to anti-PD-1 therapy. Furthermore, our data indi-
cated that immunohistochemical detection of PD-1
and PD-L1 has the potential to refine our under-
standing of the prognostic value of tumor-infiltrating
lymphocytes in colorectal carcinoma; PD-L1 expres-
sion may allow the identification of the mismatch-
repair-deficient colorectal cancers that have a poor
prognosis despite having high-level tumor-infiltrat-
ing lymphocytes.
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