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Programmed cell death-1 (PDCD1/PD-1) and its ligand programmed cell death 1 ligand 1 (CD274/PD-L1)
have been reported to suppress anti-tumor T cell-mediated immune responses. However, the clinical
significance of CD274 in colorectal cancer were still elusive. We aim to clarify the relationships between
CD8+ intratumor-infiltrating lymphocytes (TILs) and CD274 as well as their prognostic values in stage II-
1l colon carcinoma. Tumor differentiation, perineural invasion (PNI), pN stage and DNA mismatch repair
(MMR)-deficient were clearly correlated with CD8+ TILs counts within the tumor microenvironment
(p < 0.0001). Furthermore, tumor differentiation and PNI were suggestively correlated with tumor
CD274 expression (p=0.02 and p=0.0195). Tumor CD274 level was significantly correlated with higher
CD8+TILs (p < 0.0001) but was not associated with MMR-deficient status (p =0.14). High tumor CD274
expression [hazard ratio (HR) =2.16, 95% Cl =1.63-2.86, p < 0.0001] and CD8+ TILs [HR =1.51, 95%

: C1=1.19-1.91, p=0.0007] were associated with improved disease-free survival and overall survival.

. Additionally, the subgroup of patients who had a high CD8+ TILs/tumor CD274 have better survival

. outcomes compared with other subgroups (71% vs 53%; p < 0.0001). Therefore, the CD8+ TILs counts
and tumor CD274 may be prognostic factors to predict survival and therapeutic responses in stage I1-lll
colon carcinoma patients.

Immune checkpoints blockades (ICB) have emerged as a promising treatment strategy and have dramatically

improved long-term survival in several malignances such as melanoma’, non-small cell lung cancer? and renal

cell cancer®. Accumulating evidence indicates that the immune checkpoint mechanism plays an important role
* in suppressing tumor-specific immune responses within the tumor microenvironment. The immune checkpoint
. proteins programmed cell death 1 (PDCD-1/PD-1) and programmed cell death-ligand 1 (CD274/PD-L1) are
© expressed on both tumor cells and immune cells*. It is well known that the binding of CD274 (PD-L1) on tumor
: cells to PD-1 receptors on T cells suppresses anti-tumor T cell-mediated immune responses, inducing immuno-
. logical tolerance®. Therefore, the complex of tumor-host interactions influences the therapeutic efficacy of these
. T-cell-based immunotherapies.

Colorectal cancer (CRC) is driven by genetic alterations of tumor cells and is also influenced by tumor-host
© interactions. Recent reports have demonstrated a direct correlation between the densities of T lymphocyte sub-
. populations, such as CD8+-, CD45RO+ (PTPRC+), and FOXP3+ tumor-infiltrating lymphocytes (TILs), which
. are associated with a favorable clinical outcome in CRC, supporting a major role of T-cell-mediated immunity in
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repressing tumor progression of CRC. Moreover, the abundance of TILs is associated with a deficiency of DNA
mismatch repair (MMR) proteins and microsatellite instability (MSI-high). Recent studies showed that microsat-
ellite instability (MSI) and tumor-infiltrating lymphocytes (TILs) are potential biomarkers to predict the outcome
of immune checkpoint blockades in CRC®%. In addition, tumor CD274 upregulation within the tumor microen-
vironment has served as a negative feedback mechanism through CD8+ T cell infiltration and interferon-~*°
and is associated with improved survival in some malignances, such as esophageal, rectal, bladder and breast
cancer!'%13, Therefore, the complex interrelationship between tumor CD274 expression, tumor-infiltrating lym-
phocytes and major tumor molecular features is still elusive”4-16.

In the present study, we aimed to evaluate the relationship between CD274 expression and clinicopathological
characteristics, including CD8+ cell density and microsatellite instability, and the prognosis of tumors harboring
CD274 expression in a large cohort of resected colon carcinomas. In addition, we aimed to analyze the long-term
outcomes according to their immune status, focusing on CD274 expression and CD8+- cell density.

Materials and Methods

Tissue microarray construction. The TMA used for this study included tumor tissue from 911 unselected,
non-consecutive and primary stage II-III colon carcinoma patients treated between 2006 and 2014 and corre-
sponding normal mucosa specimens from China Medical University Hospital. The TMA was constructed with
materials collected from the Department of Pathology and Translation Research Core. This institution performs
translational research with the approval of the Institutional Review Board (IRB) in China Medical University
Hospital for the use of tissue specimens [Protocol number: CMUH105-REC2-073]. The method was carried out
in accordance with the committee’s approved guidelines. Construction of this TMA has been previously described
in detail"’. Briefly, areas of tumor were marked on the hematoxylin & eosin (H & E)-stained slides by pathologist.
The corresponding area on the matching formalin-fixed, paraffin-embedded tissue (donor block) was then iden-
tified and marked. Tissue cylinders with a 2 mm diameter were punched from representative tissue areas of each
donor tissue block and placed into one recipient paraffin blocker (AutoTiss 10 C system, EverBio Technology Inc.,
Taipei, Taiwan). Each TMA spot included at least 50% tumor cells.

Immunohistochemistry. Immunohistochemistry (IHC) was performed using 3-pm-thick histological
TMA sections. The antibodies used in this study were the following: anti-PD-L1 (ab205921, Abcam, Cambridge,
UK), anti-MSH2 (ab92372, Abcam, Cambridge, UK), anti-MLH1 (ab92312, Abcam, Cambridge, UK), anti-MSH6
(ab92471, Abcam, Cambridge, UK), anti-PMS2 (ab110638, Abcam, Cambridge, UK) and anti-CD8 (ab4055,
Abcam, Cambridge, UK). TMA slides were stained individually with horseradish peroxidase-conjugated avidin
biotin complex (ABC) using a Vectastain Elite ABC Kit (Vector Laboratories, Burlingame, CA) and NovaRed
chromogen (Vector Laboratories) and were counterstained in hematoxylin. Staining for CD8 was defined as pos-
itive when detected in the cytoplasm or in the cell membrane of intratumoral infiltrating lymphocytes (TILs) and
was evaluated using microscopy (OLYMPUS BX53, Tokyo, Japan) according to the intensity of CD8+ TILs. Two
pathologists, blind to all information about the samples, evaluated the infiltration of CD8+ TILs. With respect to
the detection of CD8+ TILs, the tissue was reviewed at 40 X magnification, and the area with the highest density
of CD8+ TILs within the tumor microenvironment was counted at x400 (No. of CD8+ TILs/high-power field).
The average number of CD8+ TILs in five high-power fields was included in the evaluation. For CD8, a count of
zero CD8+ TILs in a high-power field was assigned a score of 0, 1-3 CD8+ TILs was assigned a score of 1, 4-10
CD8+ TILs was assigned a score of 2, and >10 CD8+ TILs was assigned a score of 3. For tumor CD274 (PD-L1),
tumor CD274 expression was evaluated based on immunostaining in the membrane of tumor cells according to
the intensity and extent on a semiquantitative scale (0-3+) as follows: 0, absent; 1+, weak; 2+, moderate; 3+,
strong membrane staining. The percentage of membranous CD274 tumor cells was recorded as follows: a score
of 0 was assigned when no staining or positive tumor cell proportion was detected in <5% of the cells; a score of
1 was assigned when membranous staining was present in >5% of the positive cell proportion. The 5% threshold
was based on a previous phase I trial of anti-PD-1 agents and studies for other malignancies'®!?.

For evaluation of the DNA mismatch repair status, MMR-proficient tumors were defined as those simulta-
neously expressing MutL homolog 1 (MLH1), MutS homolog 2 (MSH2), MutS homolog 6 (MSH6), and PMS1
homolog 2 (PMS2), while MMR-deficient tumors were defined as those lacking expression of at least one of
these markers. Based on these features, 867 colon cancers in this cohort could be classified as MMR-proficient or
MMR-deficient.

Statistical analysis. SAS statistical software, version PC 9.4 (SAS Institute, NC, USA) was used to per-
form the statistical analysis. All tests reported two-sided p values with the significance level set at 0.005%°, and
0.005 < p < 0.05 labelled as suggestive evidence®. Student’s t test, Pearson’s chi-square and Fisher’s exact test were
used to perform group comparisons. Cox regression analysis was used to estimate the hazard ratios (HRs) and
95% confidence intervals (CIs) for univariate and multivariate models. Influential factors correlated with the
rectal cancer patient survival rate were adjusted in the Cox models, including sex (male versus female), age (>65
versus <65), pT stage (tumor grade 3-4 versus tumor grade 1-2), and pN stage (positive versus negative), tumor
location (proximal colon versus distal colon), CD8+ TILs (high versus low) and tumor PD-L1 (high versus low).
The Kaplan-Meier estimation method assessed the five-year overall survival and disease-free survival. Survival
time was defined as the time from diagnosis until relapse or death. The univariate comparison was performed
using log-rank tests.
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Figure 1. Expression patterns of tumor CD274 (PD-L1) within the tumor microenvironment of colon
carcinoma. (A) Negative CD274 immunohistochemical staining within the tumor microenvironment. (B) Weak
cytoplasmic CD274 expression. (C) Strong positive cytoplasmic CD274 expression. (D) Weak cytoplasmic

and positive membranous CD274 expression in patients with adenocarcinoma. (E) Moderate positive CD274
expression with a membranous pattern. (F) Strong tumor membranous CD274 expression surrounding high
CD274-positive inflammatory cells. Scale bar =50 um.

Results

Tumor CD274 expression and clinicopathological characteristics. We examined the expression
levels of the CD274 protein in 867 cases of colon carcinoma treated at China Medical University Hospital in a
retrospective cohort study. We scored tumor CD274 expression levels in the membrane (absent or present, based
on the criteria of 5% tumor membranous staining) (Fig. 1). We used the sum of the cytoplasmic and membrane
scores (ranging from 0 to 4) in each case for further analyses. Representative staining of the tissues under inves-
tigation, as observed upon incubation with antibodies specific for CD274 (clone 28-8 mAb), are shown in Fig. 1.
CD274 was detectable in epithelial cells from normal colonic mucosa (Fig. 1A), and, importantly, in cancer cells
(Fig. 1B-E). Intra-tumoral CD8+ TILs were detected within tumor microenvironment (Fig. 2)

Clinical, pathological and molecular characteristics according to the tumor CD274 expression, CD8+ intra-
tumoral infiltrating lymphocytes (CD8+ TILs) score and the status of microsatellite instability (MSI) status in
colorectal cancer are summarized in Table 1. In 867 cases of colon carcinoma, 384 patients (44%) had high tumor
CD274 expression, 480 patients (56%) had low tumor CD274 expression and 4 patients had no results (tissues not
available). Moreover, 283 patients (33%) were observed to have high CD8+ TILs, and 584 patients (67%) had low
CD8+ TILs within the tumor microenvironment. In 867 cases of colon carcinoma, 795 MMR-proficient (92%)
and 68 MMR-deficient cases (8%) were observed.

The density of CD8+ TILs within the tumor microenvironment was significantly higher in the proximal colon
(p=0.02), nodal metastasis-negative (pN stage-negative, p < 0.0001), early pathological TNM stage (p < 0.0001),
poor differentiation (p < 0.0001), absence of perineural invasion (PNI, p < 0.0001), and MMR-deficient
(p <0.0001) colon carcinoma patients (Table 1). High tumor CD274 expression has the suggestive associated
with poor differentiation (p = 0.02) and with an absence of perineural invasion (PNI, p=0.0195).

Tumor CD274 expression correlates with high CD8+ T-cell infiltration in colon carcinoma.
Interestingly, in stage II-III colon carcinoma, a direct correlation between CD274 expression in tumor cells
and CD8+ TILs (Table 2) was observed; 160 of 384 (41.9%) CD274-high tumors contained a high number of
CD8+ TILs, and the remaining 223 (58.1%) CD274-high tumors had low CD8+ TILs. Only 123 of 480 (25.6%)
CD274-low tumors in which immunohistochemistry for tumor infiltrating lymphocytes could be examined had
a high number of CD8+ TILs. Therefore, CD8+ infiltration was significantly higher in high CD274-positive
tumors than in low CD274-positive tumors (p < 0.0001, Table 2). Moreover, the density of CD8+ TILs was sig-
nificantly correlated with the level of tumor CD274 in both MMR-proficient (p < 0.0001) and MMR-deficient
(p=10.0068) colon carcinoma patients (Table 2).
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Figure 2. Intra-tumoral CD8+ TILs within the tumor microenvironment of colon carcinoma. (A) Low intra-
tumoral CD8+ TILs immunohistochemical staining within the tumor microenvironment. (B) High intra-
tumoral CD8+ TILs immunohistochemical staining within the tumor microenvironment.

CD274 expression and CD8+ TILs are significantly associated with 5-year DFS and 5-year OS.
For the 5-year follow-up period, the estimated 5-year disease-free survival (DFS) and overall survival (OS) rates
were 64% and 71%, respectively (Table 3). By Kaplan-Meier analysis of 5-year DFS, the following factors differed
significantly between the two groups: pN stage (negative = 71% vs positive = 56%, p < 0.0001), the level of tumor
membranous CD274 expression (high =70% vs low = 57%, p =0.0006, Fig. 3A) and the density of CD8+ TILs
(high =78% vs low=57%, p < 0.0001, Fig. 3D).

Tumor differentiation (well to moderate =65% vs poor =54%, p=0.01) and pT stage (pT1-2=283% vs
pT3-4=63%, p=0.02) are also suggestive associated with the risk of 5-yeasr DFS.

In the 5-year OS analysis, patients with pN-negative stage (78% vs 63%, p < 0.0001), distal colon carcinoma
(74% vs 67%, p=0.02) and well to moderate differentiation (72% vs 62%, p = 0.02) had better survival outcome.
Moreover, patients with high membranous tumor CD274 level (78% vs 65%, p=0.0002, Fig. S1A) and high den-
sity of CD8+ TILs (82% vs 65%, p < 0.0001, Fig. S1D) had a significantly better survival outcome (Table 3). In
addition, tumor PD-L1 and CD8+- TILs were associated with 5-year DFS and 5-year OS in MMR-proficient colon
carcinoma (Figs 3B,E, S1B and S1E). However, no significant association between CD8+ TILs and tumor CD274
with 5-year DES and 5-year OS was found (Figs 3C,E, S1C and S1F).

Next, we assessed the survival differences between groups classified by these two factors. Within the combined
group of CD8+ TIL and tumor CD274 subsets, patients with both high CD8+ TILs and tumor CD274 level
showed a significantly better DFS (79%) and OS (84%); in contrast, patients with both low CD8+ TILs and tumor
CD274 were associated with poorer DFS (53%) and OS (60%). Patients with either high CD8+ TILs or tumor
CD274 had similar DFS (75% and 63%) and OS (79% and 73%). These results suggest that combined CD8+ TILs
and tumor CD274 expression can be a good prognostic factor for stage II-III colon carcinoma patients.

Prognostic significance of CD8+ TILs and tumor CD274 expression.  In the univariate analysis of
5-year DFS, the following parameters were associated with patient survival rate: sex, age, pT stage, pN stage and
tumor location. Moreover, CD8+ TIL counts and tumor CD274 level were statistically associated with 5-year
DFS. Patients carrying a low density of CD8+ TILs had an increased risk for a lower 5-year DFS (HR =2.16, 95%
CI=1.63-2.86, p < 0.0001), and those with a low tumor CD274 also had an increased risk for a lower 5-year DFS
(HR=1.51,95% CI=1.19-1.91, p=0.0007) compared with patients carrying a high CD8+ TIL count and high
tumor CD274 (Table 4). Moreover, patients with both a low CD8+ TIL count and tumor CD274 had a higher
risk in terms of 5-year DFS (HR =1.88, 95% CI = 1.49-2.36, p < 0.0001). Similar results were also observed in
the univariate analysis of 5-year OS (Table S1). These results indicate that CD8+ TILs and tumor CD274 have
significant prognostic value for stage II-III colon carcinoma patients.

Subsequently, we examined whether the inclusion of other variables significantly associated with stage
II-I1I colon carcinoma survival affected the parameter estimate for CD8+ TILs and tumor CD274 (Table 5).
Patients with a low density of CD8+ TILs (HR =1.86, 95% CI=1.40-2.49, p < 0.0001) and tumor CD274 level
(HR=1.37,95% CI=1.08-1.74, p=0.009) presented an increased risk for poor DFS (Table 5).

Moreover, patients with either a low density of CD8+ TILs or a low tumor CD274 level within the tumor
microenvironment presented an increased risk for poor DFS (HR=1.77,95% CI=1.41-2.22, p < 0.0001, Table 5)
after adjustment for sex, age, and pT stage, pN stage and tumor location. These results show that the combination
of the CD8+ TILs and tumor CD274 level is an independent prognostic factor (Table 5).
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867 283 (33%) | 584 (67%) 864 384 (44%) | 480 (56%)
Sex 0.39 0.7
Female 401 (46%) | 125 (44%) | 276 (47%) 401 (46%) | 181 (47%) | 220 (46%)
Male 466 (54%) | 158 (56%) | 308 (53%) 463 (54%) | 203 (53%) | 260 (54%)
Age 0.16 0.59
<65 387 (45%) | 136 (48%) | 251 (43%) 385 (45%) | 175 (46%) | 210 (44%)
>65 480 (55%) | 147 (52%) | 333 (57%) 479 (55%) | 209 (54%) | 270 (56%)

Tumor location 0.02 0.68
Proximal colon 425 (49%) | 155 (55%) | 270 (46%) 423 (49%) | 185 (48%) | 238 (50%)
Distal colon 442 (51%) | 128 (45%) | 314 (54%) 441 (51%) | 199 (52%) | 242 (50%)

pT stage <0.0001* 0.001*
Tis 2(02%) | 1(04%) | 1(0.2%) 2(02%) | 1(0.3%) | 1(0.2%)
pT1 3(0.4%) 0(0%) 3(0.5%) 3(0.4%) 2(0.5%) 1(0.2%)
pT2 29(3%) | 15(5%) | 14 (2%) 29(3%) | 15(4%) | 14 (3%)
pT3 701 (81%) | 239 (84%) | 462 (79%) 698 (81%) | 311 (81%) | 387 (81%)
pT4 132 (15%) | 28 (10%) | 104 (18%) 132(15%) | 55(14%) | 77 (16%)

PN stage <0.0001* 0.85
Negative 457 (53%) | 176 (62%) | 281 (48%) 456 (53%) | 204 (53%) | 252 (53%)
Positive 410 (47%) | 107 (38%) | 303 (52%) 408 (47%) | 180 (47%) | 228 (48%)

pathological TNM stage <0.0001* 0.85
Stage IT 457 (53%) | 176 (62%) | 281 (48%) 456 (53%) | 204 (53%) | 252 (53%)

Stage III 410 (47%) | 107 (38%) | 303 (52%) 408 (47%) | 180 (47%) | 228 (48%)

Tumor differentiation <0.0001* 0.02
Well to moderate 734 (85%) | 217 (77%) | 517 (89%) 732 (85%) | 313 (82%) | 419 (87%)

Poor 121 (14%) | 63 (22%) | 58 (10%) 120 (14%) | 65 (17%) | 55 (11%)
Unknown 12 (1%) 3(1%) 9 (2%) 12 (1%) 6(2%) 6(1%)

Lymphovascular invasion (LVI) 0.3103 0.3034
Absent 421 (49%) | 144 (51%) | 277 (47%) 419 (48%) | 194 (51%) | 225 (47%)
Present 441(50%) | 137 (48%) | 304 (52%) 440 (51%) | 188 (49%) | 252 (52%)
Unknown 5(1%) 2 (1%) 3(1%) 5 (1%) 2 (1%) 3(1%)

Perineural Invasion (PNI) <0.0001* 0.0195
Absent 534 (62%) | 203 (72%) | 331 (57%) 533 (62%) | 221 (57%) | 312 (65%)
Present 326 (%) 78 (27%) | 248 (42%) 324 (37%) | 161 (42%) | 163 (34%)
Unknown 7 (1%) 2 (1%) 5(1%) 7 (1%) 2 (1%) 5 (1%)

MMR status <0.0001* 0.14
MMR-proficient 795 (92%) | 245 (87%) | 550 (94%) 794 (92%) | 347 (90%) | 447 (93%)
MMR-deficient 68(8%) | 38(13%) |30 (5%) 68(8%) |36(9%) | 32(7%)

NA 4(0%) 0(0%) 4 (1%) 2(0.2%) 1(0.3%) 1(0.2%)

Table 1. Tumor Characteristics and immune status in stage II-III colon carcinoma patient. NA: not available.
Fisher’s exact test was used when >25% of the cells have expected counts less than 5. The Pearson’s chi-
square and Fisher’s exact test did not include the “NA” and “unknown” group. *p < 0.005 is significant and
0.005 < p < 0.05 is suggestive evidence.

Discussion

The aim of this study was to analyze the interrelationship between tumor CD274, CD8+- TILs and microsatellite
instability in a large cohort of patients with colon carcinoma and to evaluate its clinical relevance. Here, we report
that CD274 expression is positively correlated with CD8+ T cells infiltration and is associated with a favorable
survival outcome in colon carcinoma.

Several different mechanisms have been proposed for CD274 upregulation in tumor cells: (1) innate intrinsic
induction: constitutive oncogenic signaling within tumor cells, such as ALK and EGFR, that lead to elevated
expression of CD274 (PD-L1)*"*%; and (2) adaptive immune resistance: induction of CD274 (PD-L1) expres-
sion on tumor cells in response to local inflammatory signals produced by active immune response, such as
CD8+ cytotoxic T lymphocytes??*. Recent studies have observed the association between CD274 expression
and immune cell infiltration within the tumor microenvironment. Interferon-~ (IFN-~) secreted by the infil-
trated CD8+ T lymphocytes was required for CD274 induction, implying that upregulation of CD274 (PD-L1)
within the tumor microenvironment served as a negative feedback mechanism, which represents a compensatory
immune response by CD8+ T cells and IFN-~ within the tumor microenvironment®®. Furthermore, classification
of tumors based on the status of CD274 (PD-L1) and the abundance of TILs has been proposed to be a predictive
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All cases
CD8+ TILs 864 <0.0001*
Low 581 1
High 283 2.073 1.554-2.766
MMR-proficient
CD8+ TILs 794 <0.0001*
Low 549 1
High 245 1.904 1.404-2.582
MMR-deficient
CD8+ TILs 68 0.0049*
Low 30 1
High 38 4.332 1.559-12.035

Table 2. Correlation between CD8+ TILs and tumor CD274/PD-L1 in stage II-III colon carcinoma patients
(n=23864). *p < 0.005 is significant.

867 | 64% 71%
Sex 0.52 0.39
Female 401 | 65% 71%
Male 466 | 63% 70%
pT stage 0.02 0.13
pT1-2 32 83% 83%
pT3-4 833 | 63% 70%
PN stage <0.0001* <0.0001*
Negative 457 | 71% 78%
Positive 410 | 56% 63%
Tumor location 0.09 0.02
Distal colon 442 | 66% 74%
Proximal colon 425 | 61% 67%
Tumor differentiation 0.01 0.02
Well to moderate 734 | 65% 72%
Poor 121 | 54% 62%
CD8+ TILs <0.0001* <0.0001*
High 283 | 78% 82%
Low 584 | 57% 65%
Tumor CD274/PD-L1 0.0006* 0.0002*
High 384 | 70% 78%
Low 480 | 58% 65%
CD8+ TILs/Tumor CD274(PD-L1) <0.0001* <0.0001*
High/High 160 | 80% 84%
High/Low 123 | 75% 79%
Low/High 224 | 63% 73%
Low/Low 357 | 53% 60%
CD8+ TILs and tumor CD274 (PD-L1) <0.0001* <0.0001*
High or high 507 | 71% 78%
Low/Low 357 | 53% 60%

Table 3. Correlation between clinicopathologic parameters, 5-year DES and 5-year OS. ®Number of cases may
differ due to missing data. *p < 0.005 is significant and 0.005 < p < 0.05 is suggestive evidence.

biomarker for the efficacy of PD-1/PD-L1 immunotherapy: type I (PD-L1+/TIL+; adaptive immune resistance),
type II (PD-L1—/TIL—; immunological ignorance), type III (PD-L1+/TIL—; intrinsic induction) and type IV
(PD-L1—/TIL+; tolerance)*%. Among these classifications, type I tumors are most likely to benefit from PD-1/
PD-L1 immunotherapy, as these tumors have evidence of preexisting intra-tumor T cells that are turned off by
PD-L1 engagement. Therefore, being able to correctly define this subset may allow selection of cases that can ben-
efit from PD-1/PD-L1 immunotherapy. Attractively, the type I PD-L1+/TIL+ subset also predicts the therapeutic
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Figure 3. The association of CD8-+ TILs and tumor CD274 level in disease-free survival (DFS) among stage
II-1II colon carcinoma. (A) Stage II-III colon carcinoma patients with high tumor CD274 level within the tumor
microenvironment had better 5-year DFS (n =864, p=0.0006). (B) High tumor CD274 level in stage II-III
MMR-proficient colon carcinoma patients within the tumor microenvironment had improved 5-year DFS
(n=794, p=10.0006). (C) In stage II-IIl MMR-deficient colon carcinoma patients, patients with high tumor
CD274 level have no association with 5-year DFS (n =68, p=0.3298). (D) Stage II-III colon carcinoma patients
with high density of CD8+ TILs had better 5-year DFS (n=2867, p < 0.0001). (E) High density of CD8+ TILs

in stage II-III MMR-proficient colon carcinoma patients within the tumor microenvironment had improved
5-year DFS (n="795, p <0.0001). (F) In stage II-III MMR-deficient colon carcinoma patients, patients with high
CD8+ TILs have no association with 5-year DFS (n=68, p=0.7552).

Sex 0.53
Female 401 133 1.00
Male 466 166 1.08 0.86-1.35

Age <0.0001*
<65 387 103 1.00
>65 480 195 1.67 1.32-2.12

pT stage 0.03
T1-2 32 5 1.00
T3-4 833 293 2.65 1.10-6.42

PN stage <0.0001*
Negative 457 125 1.00
Positive 410 173 1.75 1.39-2.20

Tumor location 0.09
Proximal colon 425 157 1.00
Distal colon 442 141 0.82 0.66-1.03

CD8+ TILs <0.0001*
High 283 60 1.00
Low 584 238 2.16 1.63-2.86

Tumor CD274(PD-L1) 0.0007*
High 384 108 1.00
Low 480 190 1.51 1.19-1.91

CD8+ TILs/Tumor CD274 (PD-L1) <0.0001*
High or high 507 137 1.00
Low/Low 360 161 1.88 1.49-2.36

Table 4. Univariate analysis of DFS and known prognostic factors in stage IT-III colon carcinoma patients. “Number
of cases may differ due to missing data. *p < 0.005 is significant and 0.005 < p < 0.05 is suggestive evidence.

SCIENTIFICREPORTS| (2018) 8:15658 | DOI:10.1038/s41598-018-33927-5 7



www.nature.com/scientificreports/

Parameters No. atrisk® | Events | HR | 95% CI pvalue HR | 95% CI pvalue
Sex 0.24 0.26
Female 401 133 1.00 1.00
Male 466 166 1.15 | 0.91-1.45 1.14 | 091-1.44
Age <0.0001* <0.0001*
<65 387 103 1.00 1.00
>65 480 195 1.64 | 1.29-2.08 1.68 | 1.32-2.13
pT stage 0.009 0.007
T1-2 32 5 1.00 1.00
T3-4 833 227 326 | 1.34-7.94 3.39 | 1.39-8.26
PN stage <0.0001* <0.0001*
Negative 457 125 1.00 1.00
Positive 410 173 1.83 | 1.45-2.31 1.90 | 1.50-2.40
Tumor location 0.04 0.06
Proximal colon 425 157 1.00 1.00
Distal colon 442 141 0.78 |0.62-0.98 0.81 |0.64-1.01
CD8+ TILs <0.0001
High 283 60 1.00
Low 584 238 1.86 | 1.40-2.49 - —
Tumor CD274(PD-L1) 0.009
High 384 108 1.00
Low 480 190 1.37 | 1.08-1.74 — —
CD8+ TILs and tumor CD274(PD-L1) <0.0001
High or high 507 137 1.00
Low/Low 360 161 — — 1.77 | 1.41-2.22

Table 5. Multivariate analysis of DFS and known prognostic factors in stage II-III colon carcinoma patients.
“Number of cases may differ due to missing data. *p < 0.005 is significant and 0.005 < p < 0.05 is suggestive
evidence.

26-28

efficacy of chemotherapy in breast cancer**-?*, suggesting that the type I PD-L1+/TIL+ subset may not only
predict the efficacy of PD-1/PD-L1 immunotherapy but also the response to chemotherapy.

Moreover, chemoradiotherapy has been reported to induce CD274 (PD-L1) upregulation, which is associated
with favorable survival in esophageal, bladder and rectal cancer!*!1%230_ Clinical studies have indicated that
chemoradiotherapy synergistically improved PD-1/PD-L1 immunotherapy in tumor control*'-%. The suspected
mechanism is that chemoradiotherapy-induced immune reactions leads to tumor CD274 (PD-L1) upregula-
tion, which will be accessibly targeted by PD-1/PD-L1 immunotherapy’'*% Therefore, a deeper understanding
of the interactions within the tumor microenvironment and tumor site immune modulation is necessary for
further therapeutic approaches. Consistent with these findings, our results showed that tumor CD274 expression
and CD8+ TILs within the tumor microenvironment of resected colon carcinoma are associated with favorable
5-year DFS and 5-year OS. Moreover, our results showed that high infiltration of CD8+ T1ILs is positively corre-
lated with the level of tumor CD274 either in MMR-proficient or MMR-deficient colon carcinoma patients. These
results suggested that upregulation of CD274 in colorectal carcinoma is due to an adaptive immune response,
based on the association of PD-L1 expression and frequency of CD8+ TILs.

Accumulating evidence indicates that alternations of tumor molecular pathological properties by environ-
mental factors such as diet, nutrients and smoking influence tumor-immune interactions, eventually impacting
tumor progression, aggravation and clinical outcome®*-3. Therefore, the integration of immunological assess-
ment and molecular pathological epidemiology (MPE) within the tumor microenvironment can provide more
insights into for the use of therapeutic approaches®. Indeed, the increased knowledge of MPE of CRCs has per-
mitted characterization of different molecular subtypes. These advances in MPE will help dissecting the environ-
mental influence on the microenvironment, implementation of personalized therapies and better management of
colorectal cancer patients*. Indeed, colorectal carcinoma patients with MSI-high status showed a high response
rate to PD-1/PD-L1 immunotherapy and a good survival rate, suggesting that a higher mutational burden may
result in the formation of more tumor antigens (neoantigens) to trigger a robust anti-tumor immune response
and to upregulate tumor CD274 expression*"*2. In addition, our results showed that MMR-deficiency was signif-
icantly correlated with a high density of CD8+ TILs but it was not associated with the level of tumor CD274. In
our cohort of colon carcinoma, we found that only 8% were MMR-deficient, which is relatively low compared to
that in western countries’. These results suggest that there are other unknown mechanisms involved in upregulat-
ing CD274 expression within the tumor microenvironment in colon carcinoma.

Since there is an inflammatory microenvironment in colorectal cancer, the commensal microbiota influences
the intestinal immune system to attract T cell infiltration®*, which is associated with an improved prognosis in
CRC*##_On the other hand, recent studies showed that the gut microbiome influences the therapeutic efficacy
of PD-1/PD-L1 immunotherapy by increasing the recruitment of T lymphocytes®*’. Therefore, as a consequence
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of this environment, CD274 and CD8+ TILs may be considered to be independent prognostic factors for colon
carcinoma. Our study also confirms the link between CD8+ TILs and CD274 expression in stage II-III colon car-
cinoma and supports the idea that upregulation of CD274 in colorectal carcinoma may be a result of an adaptive
immune response, which may have prognostic value and be a therapeutic target for PD-1/PD-L1 immunotherapy.

Ethical approval. This study was reviewed and approved by the Internal Review Board (IRB) of China
Medical University Hospital [Protocol number: CMUH105-REC2-073]. The method was carried out in accord-
ance with the committee’s approved guidelines.

Informed consent. Informed consents were obtained from all participants in the study.
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