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Abstract

Colorectal carcinoma (CRC) is one of the most frequently encountered neoplasms
with high morbidity and mortality. Activation of the programmed death protein 1/
programmed death ligand 1 (PD-1/PD-L1) pathway results in tumor immune evasion
by suppressing the activity of T cells. The correlation of PD-L1 with clinicopathological
features, lymph node metastasis and prognosis is less clear. The aim of present
work was to study the relationship between PD-L1 and clinicopathological features
and prognosis of CRC patients. Three hundred and eighty-six patients were included
in this study. Serum PD-L1 was measured by ELISA, and PD-L1 on tumor cells
was evaluated by immunohistochemistry. Pretreatment levels of PD-L1 were
significantly elevated in CRC patient sera compared to healthy donors (P<0.001).
The mean value of PD-L1 in healthy donors, CRC with non-lymph node metastasis,
and CRC with lymph node metastasis were 229.22+54.7pg/mL, 400.77+66.3pg/
mL, and 414.291+59.1pg/mL, respectively. The positive rate of PD-L1 in metastatic
lymph node was higher than in primary tumor (P<0.001). PD-L1 negative patients
had higher five-year survival rate than PD-L1 positive patients (68.57% vs 46.98%,
P=0.012). The univariate analysis indicated that tumor differentiation, lymph node
metastasis, and PD-L1 were correlated with five-year survival rate of CRC patients
(all P < 0.018). Multivariate analysis showed that lymph node metastasis and PD-L1
were independent prognostic factors (all P < 0.008). Our study demonstrates that
PD-L1 negative patients have better five-year survival rate, and PD-L1 and lymph
node metastasis are independent prognostic factors in CRC patients.

Keywords: Colorectal cancer; Serum PD-LI1; Tissue PD-L1; Lymph node
metastasis; Prognosis

Introduction

Colorectal carcinoma (CRC) is a major health concern, being the third most
commonly diagnosed malignancy and the second leading cause of mortality among
cancer-related deaths worldwide [1]. The incidence and mortality of CRC are
trending to ascend each year, and over 2.2 million new cases and 1.1 million patient
deaths are expected by 2030 [2]. Despite the improvement in overall survival
(OS) due to new medications and therapies in CRC, local regional recurrence
and distant metastasis remain the major causes of treatment failure. About 25% of
CRC patients display metastasis at diagnosis, and 50% of those treated will develop
metastasis during their lifetime [3]. It is known that cancer immune suppression
and immune escape play the crucial roles in tumor progression, recurrence and
metastasis. Among these processes, the activation of the programmed death protein
1/programmed death ligand 1 (PD-1/PD-L1) signaling pathway was identified
as the key mechanism of tumor immune evasion through the inhibition of T-cell
proliferation and suppression of the CD8 cytotoxic immune response [4].

PD-L1 is mainly expressed on the surface of activated T cells. PD-1, the receptor
of PD-L1, is absent in resting T cells and is induced in activated T cells. PD-1
interacts with PD-L1 on the surface of T cells to form a negative feedback pathway
that suppresses the activity of T cells by impairing the immune surveillance function

of T cells through the phosphorylation of tyrosine kinase and phosphoinositide-3
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kinase to inhibit downstream signal transduction pathway, T
cell proliferation, cytokine secretion and cytotoxicity [S]. Over
expression of PD-L1 across a spectrum of different tumor cells
has been co-opted as a high efficient immunoediting approach to
evade immune attack and facilitate cancer growth [6]. Immune
checkpoint blockade as the oncological immune therapy with
antibodies against PD-1/PD-L1 pathways has shown clinical
efficacy in several types of cancers, including lung, melanoma,
renal cell carcinoma, esophageal , gastric, liver and CRC [7-12].
The expression level of PD-L1 on tumor cells is linked to the
response to anti-PD-1 blockade and plays an important role in
evaluating the prognosis of targeted immunotherapy [13-16].
PD-1/PD-L1 inhibitors represent a major step in the management
of CRC, although several questions remain in routine clinical
practice. PD-L1 immunohistochemistry (IHC) expression on
cancer cells has been used to the patients with high likelihood
to respond to immunotherapy, with some reported studies
showing inconsistency results as to whether PD-L1 level indicates
a better or worse prognosis [17-21]. Soluble PD-L1 (sPD-L1)
was detected in the serum or plasma from patients with various
cancer, and the elevated sPD-L1 is usually an indicative of poor
prognosis of cancer patients [22-27]. However, it is still less clear
on the clinicopathologic and prognostic characteristics of CRC
with PD-L1 expression either on tumor cells or in serum/plasma.
In addition, the correlation between the PD-L1 levels and overall
survival of CRC patients needs to be further investigated.

In the present study, we aimed to analyze the serum levels
of PD-L1 and expression of PD-L1 on tumor cells in patients
with CRC, and investigate the associations between PD-L1
level and clinicopathological features, lymph node metastasis,
and prognosis of CRC patients. In addition, the status of lymph
node metastasis and PD-L1 expression as the independent factors
of prediction and prognosis for immunotherapy were further

addressed.

Materials and Methods
Clinical sample collection

This study was approved by the institutional review board
of the ChangXing People Hospital, ChangXing, Zhejiang, PR.
China. To conduct research, permission of the Committee on
Bioethics of 2019ZLK-072 dated July 30, 2016, was obtained.
All patients gave informed consent to participate in the study.
The inclusion criteria were: (1) pathologically diagnosed CRC;
and (2) curative surgical resection as the initial treatment. The
exclusion criteria were: (1) previous or concurrent cancer; (2)
non primary metastatic CRC; (3) patients with heart, liver and
kidney insufficiency and serious complications; and (4) lack of
tumor tissue samples.

The control group was represented by 400 healthy individuals
matched for gender and age with the study groups. All donors of
the control group underwent a test of feces for occult blood and
fibrocolonoscopy screening. Therefor, the control group did not
include patients with colorectal cancer, polyposis, or other defects
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of the colon or rectum. The case group consisted of 400 patients
diagnosed with colorectal carcinoma who underwent surgical
resection of primary or metastatic tumors and clinical molecular
testing between the years 0of2010and 2015. All patients underwent
a general clinical examination at the outpatient stage. The clinical
diagnosis was established according to International Classification
of diseases, ICD 10. The TNM classification developed by the
International Cancer Union was used to classify the stage of
cancer and the degree of differentiation. We excluded 14 patients
who received radiotherapy or chemoradiotherapy before surgery.
A total of 386 patients were included in this study including CRC
without lymph node metastasis (n=194) and CRC with lymph
node metastasis (n=192). Clinicopathological characteristics
including age, gender, tumor size, grades of differentiation, and
stage of cancer were obtained from the electronic medical record

(Table 1).
Enzyme-linked immunosorbent assay, ELISA

Blood sampling was carried out in the morning, on an empty
stomach, before any treatment. The levels of PD-L1 in serum
were analyzed using Human B7H1/PD-L1 ELISA Kit (ELH-
B7H1, RayBiotech, Norcross, GA, USA). All experiments were
conducted according to the manufacturer’s instructions. In brief,
add 100 pL of standard or twofold-diluted serum sample to each
well, and incubated 2.5 h at RT with gentle shaking. Discard the
solution and wash 4 times by filling each well with Wash Buffer
(300 pL) using a multi-channel Pipette. After the last wash,
remove any remaining Wash Buffer by aspirating. Invert the plate
and blot it against clean paper towels. Add 100 pL of prepared
biotin antibody to each well and incubated 1 h at RT with gentle
shaking. Discard the solution, and repeat the wash step. Then,
add 100 pL of prepared Streptavidin solution was added to each
well and incubated 45min at RT with gentle shaking. Discard the
solution, and repeat the wash step followed by adding 100 yL of
TMB One-Step Substrate Reagent to each well and incubating
for 30min in the dark at RT with gentle shaking. Add 50 pL of
Stop Solution to each well and read at 450 nm immediately.
Calculate the mean absorbance for each set of duplicate standards
and samples, and subtract the average zero standard optical
density. Plot the standard curve using Sigma plot software, with
standard concentration on the x-axis and absorbance on the y-axis.
Finally, the best-fit straight line was drawn through the standard
points. The concentrations of all serum proteins detected were
determined according to the standard curve.

Immunohistochemistry, IHC

Hematoxylin and eosin-stained sections of all formalin-fixed
paraffin-embedded (FFPE) resected CRC tumor tissues were
reviewed by two pathologists to confirm the presence of adequate
lesional tissue for tissue microarray (TMA) construction and to
evaluate pathological features including tumor histology, grade,
abundance of tumor-infiltrating lymphocytes, vascular, and
pattern of advancing border. Tissue microarrays were constructed
using three 2-mm cores of representative tumor tissue from each
case, along with multiple cores of non-neoplastic colonic tissue as
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controls. Immunohistochemistry (IHC) was performed on 6-pym
section cut from TMA block using an automated staining platform
(Bond Rx, Leica Microsystems, Bannockburn, IL, USA) using
anti-PD-L1 antibody. The paraffin sections were deparaffinized
with xylene and rehydrated through a graded alcohol series.
Antigen retrieval was accomplished by boiling citrate buffer
and endogenous peroxidase activity was blocked with 3% H,0,
followed by staining with anti-PD-L1 antibody (clone:E1L3N
#13684, Cell Signaling Technology, Danvers, MA, USA) at
37°C for 90min at a dilution of 1:150. Bound antibody was then
visualized using the EnVision KitTM (#KS007, Agilent, Santa
Clara, CA, USA) according to the manufacturer’s directions.
PD-L1 expression on tumor cells was evaluated using a three-
tiered grading system: 0 =<5% of the tumor cells; 1=549% of
tumor cells; and 2=>50% tumor cells with membranous staining
of any intensity. Cytoplasmic staining was not considered in this
study. Scores of 1 and 2 were considered to be positive for PD-L1
expression.

Follow-up

All CRC patients underwent regular follow-ups at our hospital
every 3 months for the first 2 years, every 6 months in years 35,
and annually after that. The primary endpoints were overall
survival (OS) and disease-free survival (DFS). OS was calculated
from the date of surgery to either the date of death or the last
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follow-up. DES was defined as the time from surgery to the time
of recurrence (local or distant) or the date of the last follow-up.

Statistical analysis

The 95% confidence interval (CI) of all results was calculated.
Continuous variables were presented on Mean and Standard
Deviation (SD) while categorical variables as Number (#) and
Percentage (%). Survival analysis was conducted using the
KaplanMeier method and Cox proportional hazard regression.
The multivariate Cox model included all variables with P < 0.10
in the univariate model. Fisher’s exact test was used to assess the
association of PD-L1 expression with clinicopathological features.
MannWhitney U test was performed by SPSS software (version
25.0, IBM, Armonk, NY, USA). Statistical significance was
determined when as P < 0.05.

Results
Patient characteristics

A total of 386 patients were included in the study. By the end
of the follow-up period, 257 (66.58%) patients had relapsed,
and 178 (46.1%) patients had died of cancer-related causes.
The median DFS and OS times for the whole population were
44.8 months (95% CI 22.3-53.7 months) and 53.2 months
(95% CI 38.6-58.1 months), respectively. A summary of patients
characteristics is presented in Table 1.

Table 1: Patient characteristics.

Control Group

CRC without lymph node

CRC with lymph node p-value

(n=400) metastasis (n=194) metastasis (n=192)
Age, years
18~65 166 (41.50) 81 (41.75) 78 (40.63) 0.958
>65 234 (58.50) 113 (58.25) 114 (59.37)
Gender
male 231 (57.75) 112 (57.73) 109 (56.77) 0.589
female 169 (42.25) 82 (42.27) 83 (43.23)
Tumor size
<5.0cm - 123 (63.40) 119 (61.98) 0.585
25.0cm - 71 (36.60) 73 (38.02)
Tumor differentiation
Well - 58 (29.90) 57 (29.69)
Moderate - 108 (55.67) 106 (55.21) 0.784
Poor - 28 (14.43) 29 (15.10)
T status
T - 20 (10.31) 19 (9.89)
T2 - 22 (11.34) 23 (11.98)
T3 - 93 (47.94) 92 (47.92) 0835
T4 - 59 (30.41) 58 (30.21)
Stage
I - 42 (21.65) 41 (21.35)
Il - 63 (32.47) 64 (33.33) 0.547
I - 89 (45.88) 87 (45.31)
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Serum PD-L1 levels in CRC patients

The serum level of PD-L1 was detectable in all patients
and control group. The median values in control group, CRC
without lymph node metastasis and CRC with lymph node
metastasis were 229.22 (range 122.99390.6 pg/mL), 400.77
(range 300.89671.63 pg/mL) and 414.29 pg/mL (range
342.46594.63 pg/mL), respectively. We observed that the level of
serum PD-L1 was significantly elevated in CRC patient compared
with the control group, and serum PD-L1 level in CRC group with
lymph node metastasis is higher than the CRC group without
lymph node metastasis (all p<0.001, Figure 1).

800 *

Serum PD-L.1 level (pg/mL)

200+

Control Group CRC without CRC with
Iymph node Iymph node
metastasis metastasis

Figure 1: Serum PD-L1 levels in Control Group and CRC patients.
*p <0.05, ***p < 0.001, Mann-Whitney U test
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Correlation between the serum PD-L1 levels and
clinicopathological features

There is no correlation between the serum level of PD-
L1 from patient with CRC and the size of tumor and degree of
tumor differentiation (all p>0.05, Table 2). Serum PD-L1 level
was significantly increased with the clinicopathologic staging (all
p<0.001, Figure 2).

PD-L1 expression in primary tumor and metastatic
lymph nodes

The positive rate of PD-L1 within the metastatic lymph nodes
of CRC is significantly higher compared with the primary lesions,
and the CRC without lymph node metastasis. PD-L1 positive
rates from CRC without lymph node metastasis, primary lesions
of CRC with lymph node metastasis, and metastatic lymph nodes
of CRC were 57.73%, 70.83% and 88.02%, respectively (Table 3).

Association of PD-L1 expression and prognosis of CRC
patients

The five-year survival rate of CRC patients enrolled in this
study (n=386) was 53.89% (208/386), and the median survival
time was 56.8 months. CRC patients with positive PD-L1 had less
median survival time (44.8 months) and lower five-year survival
rate (46.98%) compared with the PD-L1 negative patients that
had 53.2 months of median survival time and 68.57% of five-
year survival rate. The Cox proportional hazards regression
analysis showed that the tumor sizes, serum PD-L1 levels and
clinicopathologic stages were not correlated with the CRC
prognosis (all p>0.45, Table 4). However, the univariate analysis
indicated that the PD-L1 expression on tumor cells, the degree of
tumor differentiation, and lymph node metastasis were statistically
associated with the prognosis of CRC patient (all p<0.02, Table
4). The multivariate analysis further demonstrated that the PD-

A Kk

Fededkd

600

400

Serum PD-L1 level (pg/mL)

200+ . . )

l T T l
T1 T2 T-3 T4
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600 -

500

400

300

Serum PD-L1 level (pg/mL)
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100 T 1 1
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Figure 2: Correlation beteen serum PD-L1 levels and clinicopathological features *p < 0.05, ***p < 0.001, ****p < 0.0001, Mann-Whitney U test
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L1 expression on tumor cells and lymph node metastasis were
independent prognostic factors of CRC (all p<0.00S, Table 4).

Discussion

In present study, we performed a comprehensive analysis
of PD-L1 in a cohort of CRC including the patients with lymph
node metastasis (n=192) and the patients without lymph node

Table 2: Serum PD-L1 levels and clinicopathological features.

| PDAL1[X +s],pgimt | P-value

Tumor size
<5.0cm 242 367.63+53.2 0.088
25.0cm 144 391.51455.5
Tumor differentiation
Well 115 370.36+58.7 0.341
Moderate 214 381.12+61.5
Poor 57 397.07464.1
T status
T1 39 319.214£59.0 0.001
T2 45 340.56453.1
T3 185 373.48456.0
T4 117 427.13£57.9
Stage
I 83 335.25+54.5 0.001
1l 127 371.92+58.7
I 176 415.86156.6

Volume 6 ¢ Issue 3 | 266

metastasis (n=194), together with a healthy control (n=400).
Notably, the examination of PD-L1 levels in serum revealed
that serum PD-L1 was significantly elevated in CRC patient
compared with the healthy control. Thus, our observations have
the implication that serum PD-L1 may be served as a potential
biomarker for the diagnosis of CRC, together with other markers
analyzed in currently clinical practices including CEA, CA19-9
and CA24-2 [28]. We didn’t identify the prognosis value of serum
PD-L1 in present study although a few reports had addressed
the association of serum PD-L1 with the prognosis of patients,
including the study with contrasting result in lung cancer [25-
26] and no correlation in gastric cancer and nasopharyngeal
carcinoma [29]. Serum PD-L1 may act as a paracrine negative
immune regulator within the tumor [30], and derive from
protumor inﬂammatory responses, antitumor immune-responses
and intrinsic splicing activities in tumor cells.

Our results also demonstrated that the level of serum PD-L1
is higher in CRC patients with lymph node metastasis compared
to CRC patients without lymph node metastasis. We found that
serum PD-L1 isn’t associated with clinical characteristics such as
age, gender, tumor size and tumor differentiation, and prognosis.
Serum PD-L1 is more a general marker of an inflammatory status
than just a marker of active, immuno-suppressive cancer cells.
It reflects the function of PD-L1 expressed in inflamed tissues.
However, serum PD-L1 contributes to immune regulation
together with PD-L1 on tumor cells. Thus, additional studies on
the role of serum PD-L1 are needed to prob the diagnosis potential
for early detection, predictive value for treatment response and
prognostic function in CRC.

Table 3: Comparison of PD-L1 positive rate between CRC without lymph node metastasis and CRC with lymph node metastasis.

Location PD-L1 positive rate p-value
CRC with lymph node metastasis (n=192) Primary lesions 136 (70.83%) 0.0028
CRC without lymph node metastasis (n=194) Tumor tissues 112 (57.73%)
CRC with lymph node metastasis (n=192) Metastatic lymph nodes 169 (88.02%) 0.001
CRC with lymph node metastasis (n=192) Primary lesions 136 (70.83%)
Table 4: Prognosis analysis (Cox proportional hazards model).
HR (95% CI) p-value
Univariate analysis
Tumor size 0.92 (0.474~1.234) 0.465
Tumor differentiation 1.68 (1.264~2.456) 0.017
T-status 1.10 (0.842~1.876) 0.512
P-stage 1.37 (0.453~2.764) 0.654
Lymph node metastasis 3.08 (2.358~4.852) 0.005
PD-L1 expression on tumor cells 1.83 (1.118~3.468) 0.006
Serum PD-L1 levels 1.12 (0.718~2.071) 0.508
Multivariate analysis
Lymph node metastasis 1.79 (1.124~2.276) 0.006
PD-L1expressiom on tumor cells 1.77 (1.149~2.877) 0.007
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PD-L1 expression on tumor cells has been recognized as a key
factor of immune evasion through down-regulation of the active
T-cell-mediated immune response [4-5]. Our study showed that
PD-L1 expression on tumor cells and lymph node metastasis, as
the two independent prognostic factors of CRC, were significantly
associated with a poor prognosis. Higher risk of immune evasion
is attribute to the PD-L1 expression and lymphocyte attack.
Early study suggests that PD-L1 expression is the consequence
of higher oncogenic signaling in some CRC. This is in line with
a previous study reporting up-regulation of PD-L1 expression by
EGFR activation and BRAFV600E [31-32]. We also identified
that patients with negative PD-L1 had better five-year survival rate
and median survival time in comparison with the PD-L1 positive
patients regardless the tumor size, clinicopathologic stage and
serum PD-L1 level. To our best knowledge, most of the published
works primarily addressed the prognostic relevance of PD-L1,
whereas little is known about their predictive value as well as
their relationship with molecular genetic alterations in CRC. The
identification of patients that are likely to receive a benefit from
PD-1/PD-L1 inhibition therapy remains a challenge. The lack of
detection of common CRC related genes including EGFR, KRAS,
BRAF and pS53 in tumor together with CEA, CA19-9 and CA24-2
in serum is the limitation of this study.

Our future work will focus on the integration of PD-L1 level in
serum and PD-L1 expression on tumor cells in a separate cohort
to investigate the role of serum PD-L1 on diagnosis for early
detection of CRC, prediction to the therapy, risk evaluation of
lymph node metastasis, and prognosis of patients. The examination
of CRC related genes and common serum biomarkers mentioned
above will also be taken to support new finding and elucidate the
molecular mechanism of therapeutics.
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