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A B S T R A C T   

Purpose: In recent years, immune checkpoint inhibitors have become a major therapeutic method 
for the treatment of metastatic colorectal cancer (mCRC). Growing evidence indicates that 
tumour-infiltrating lymphocytes (TILs) in the tumour microenvironment are a prerequisite for the 
effectiveness of PD-1/PD-L1 blockade therapy. In this study, we aimed to compare PD-L1 
expression and cluster of differentiation 4 (CD4) and CD8 TIL infiltration in primary tumours 
and paired metastases. 
Patients and methods: Altogether, 111 patients with mCRC who underwent surgery at our hospital 
were included. PD-L1, CD4, and CD8 expression were detected by immunohistochemistry in a 
tissue microarray. PD-L1 expression was assessed using the combined positivity score (CPS), and a 
score ≥1 was judged as positive. The area proportion of TILs with positive staining ≥10% was 
classified as “high”, while <10% was classified as “low”. 
Results: We observed the discordance of PD-L1 expression between primary tumours and paired 
metastases in 35/111 (31.5%) patients (κ = 0.137, P = 0.142). This heterogeneity was signifi
cantly correlated with discordance of CD8 TIL infiltration between primary tumours and paired 
metastases (P = 0.003). Compared with corresponding colorectal cancer tumours, lung metas
tases showed more CD8 TIL infiltration (P = 0.022, median: 8.5% vs. 5.0%), whereas liver me
tastases exhibited less CD8 TIL infiltration (P = 0.028, median: 3.0% vs. 5.0%). Area proportion 
of CD4+ and CD8+ TIL infiltration in lung metastases were all higher than those in liver metas
tases (P = 0.005, median: 15.0% vs. 9.0%; P = 0.001, median: 8.5% vs. 3.0%). Compared with p 
MMR (MSI-L/MS-S) subgroup, area proportion of CD8 TIL infiltration in primary tumours and 
CD4, CD8 TIL infiltration in paired metastases were all higher in d MMR (MSI-H) group (P =
0.026, median: 15.0% vs 5.0%; P = 0.039, median: 15.0% vs 9.0%; P = 0.015, median: 15.0% vs 
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5.0%). Preoperative chemo/radiotherapy may increase CD8 TIL infiltration in primary tumours 
(P = 0.045, median: 10.0% vs. 5.0%). CD8 TIL infiltration in primary tumours was an inde
pendent predictive factor for overall survival (HR 0.28, 95% CI 0.09–0.93, P = 0.038). 
Conclusion: Heterogeneity in PD-L1 expression and CD8 TIL infiltration was found between pri
mary tumours and paired metastases in mCRC. CD8 TIL infiltration in primary tumours could 
independently forecast the overall survival of patients with mCRC.   

1. Introduction 

Colorectal cancer (CRC) is the third most commonly diagnosed cancer in the world and the second leading cause of cancer-related 
deaths [1]. A previous study showed that approximately half of CRC patients develop distant metastases, especially in the lung or liver 
[2]. Immune checkpoint inhibitor therapy, which targets the programmed cell death-ligand 1 (PD-L1) and programmed cell death-1 
(PD-1) pathways, has been increasingly used in the treatment of metastatic colorectal cancer (mCRC) [3]. 

As a therapeutic target, PD-L1 expression in primary tumours and distant metastases jointly dictates the response to immuno
therapy. However, the expression pattern and prognostic value of PD-L1 can be altered during tumour progression and metastasis 
[4-7]. Discordance of PD-L1 expression in metastatic and primary tumours has been verified in a variety of cancers, including breast 
cancer, endometrial cancer and clear-cell renal cell carcinoma [8-10]. Wei et al. also reported that PD-L1 expression in simultaneous 
liver metastases was significantly greater than that in corresponding colorectal tumours [11]. However, whether this inconsistency of 
PD-L1 expression exists in other metastatic sites of mCRC has not been investigated. The prognostic value of PD-L1 expression in 
primary tumours of mCRC has been widely investigated, but the conclusion was quite conflicting [12,13]. Whether PD-L1 expression in 
metastases affects the prognosis of patients with mCRC has rarely been reported. 

The T lymphocyte-mediated adaptive immune response plays an important role in antitumour processes. As the main effector 
lymphocytes, CD8 tumour infiltrating lymphocytes (TILs) are responsible for killing tumour cells, and CD4 TILs play an auxiliary role 
by secreting cytokines [4]. Growing evidence indicates that abundant TILs in the immune environment are a prerequisite for the 
effectiveness of immunotherapy [14-16]. Greater than half of dMMR/MSI-H mCRC patients could benefit from immunotherapy due to 
higher levels of neoantigens, which attract more infiltration of CD8+ TILs in the tumour microenvironment [17]. A small proportion of 
MMR-proficient colon cancers achieving pathological response to neoadjuvant immunotherapy also exhibited a high density of CD8 
TILs in tumours [18]. Previous literature has found that liver metastases are less sensitive to immunotherapy in metastatic melanoma 
and non-small-cell lung cancer [19]. Similar results were also observed in mCRC patients, indicating that patients with liver metastases 
exhibited significantly lower objective response rates and shorter median progression-free survival than those with extrahepatic 
metastases [20,21]. This phenomenon may be attributed to the unique immune microenvironment of liver metastases [11]. 

Based on the critical role of PD-L1 expression as well as TILs in predicting clinical benefits from immunotherapy, we investigated 
the heterogeneity of PD-L1 expression and CD4 and CD8 TIL infiltration in primary tumours and paired metastases as well as their 
impacts on prognosis. 

2. Materials and methods 

2.1. Patients and samples 

Altogether, 111 patients with mCRC who underwent surgery at the Fourth Hospital of Hebei Medical University between June 2009 
and October 2019 were included in this study. Primary and paired metastatic tumour specimens of these patients were collected. 
Completed clinicopathological information of all patients was obtained through the electronic case database of the Fourth Hospital of 
Hebei Medical University. An informed consent form was signed for the utilization of the postoperative pathology specimens. 

2.2. Tissue microarrays and immunohistochemistry 

Postoperative paraffin blocks were collected from each patient and then classified into primary tumour foci and paired metastases. 
Three representative areas in each paraffin block were selected for tissue microarrays (RP- 20, Servicebio, Wuhan, China). PD-L1, CD4, 
CD8 and DNA mismatch repair protein (MLH1, MSH2, MSH6, PMS2) were detected by immunohistochemistry. Briefly, paraffin 
sections were dewaxed and rehydrated. Primary antibodies (rabbit antibodies against PD-L1 (1:2000, Agilent Dako, California, USA), 
CD4 (1:500, Maixin Biotech, Fuzhou, China), CD8 (1:800, Maixin Biotech, Fuzhou, China), MLH1 (1:200, Abcam, Cambridge, En
gland), MSH2 (1:50, Roche, Mannheim, Germany), MSH6 (1:100, Roche, Mannheim, Germany), PMS2(1:100, Abcam, Cambridge, 
England)) were added and incubated overnight at 4 ◦C after endogenous peroxidase blocking and antigen restoration. Secondary 
antibody was added after washing with PBS and incubating for 20 min at room temperature. DAB staining was performed, and the 
nuclei were counterstained with haematoxylin. The sections were sealed with neutral gum and observed under a microscope. 

2.3. Scoring of immunohistochemistry 

Immunohistochemical results were scored by two highly experienced pathologists separately. PD-L1 expression was assessed using 

H. Xin et al.                                                                                                                                                                                                             



Heliyon 9 (2023) e13048

3

the combined positivity score (CPS) as described previously [22]. Tumour cells with any intensity of membrane staining and lym
phocytes and macrophages with membrane or cytoplasm staining were all judged to be positive, and a score ≥1 was recorded as 
positive. CD4 and CD8 expression were evaluated to assess the tumour-infiltrating immune cells as previously described [23,24]. TILs 
density is defined as the area proportion of TILs infiltration in the whole tumour area.The area proportion of immune cells with positive 
staining ≥10% was classified as “high”, whereas <10% was classified as “low” [11]. Simultaneous expression of the four mismatch 
repair proteins (MLH1, MSH2, MSH6, PMS2) was considered as proficient DNA mismatch repair (p MMR). Otherwise, the absence of at 
least one of the above four indexes is considered to be deficient DNA mismatch repair (d MMR). 

2.4. Statistical analysis 

Statistics were performed using SPSS 21.0 software. The correlation between PD-L1 expression and clinicopathological data was 
assessed using the chi-square test and Fisher’s exact test. The Kappa concordance test was used to analyse the concordance of PD-L1 
expression levels in primary and paired metastases. The Wilcoxon matched-pairs signed rank test and Mann–Whitney test were 
performed to compare the density of CD4- and CD8-infiltrating lymphocytes between different groups. Ordinal logistic model was used 
for multivariate analysis of factors associated with heterogeneity of CD8 TIL infiltration between primary tumours and paired 
metastases. 

Overall survival (OS) was calculated as the time interval between CRC diagnosis and the death attributed to CRC metastasis or 
censored at death from other causes or the last follow-up. Single-factor survival analysis was performed using the log rank test, and 
multifactor survival analysis was performed using the Cox proportional hazard model. The corresponding cumulative survival function 
curves were plotted using the Kaplan–Meier method. P < 0.05 was considered statistically significant. 

3. Results 

3.1. Patient characteristics 

The detailed clinicopathological characteristics of the 111 patients are shown in Table 1. The average age of patients undergoing 
resection of primary tumours was 58.3 ± 9.9 years old. A total of 23.4% of tumours were found in the right colon, whereas 76.6% were 
found in the left colon. All primary tumours were histologically identified as adenocarcinoma. In total, 92.8% were moderately 

Table 1 
Basic clinicopathologic data for metastatic colorectal cancers.  

Characteristics Category N (%) 

Age Mean [years (SD)] 58.3 (9.9) 
Range 30–79 

Sex Male 84 (75.7) 
Female 27 (24.3) 

ECOG PS 0 17 (15.3) 
1 53 (47.7) 
2 28 (25.2) 
3 13 (11.8) 

Diameter of primary tumours Median [cm (IQR)] 4.0 (2.1) 
Range 1.3–10.0 

Diameter of paired metastases Median [cm (IQR)] 2.0 (2.0) 
Range 0.6–20 

Primary tumour location Right colon cancer 26 (23.4) 
Left colon cancer 85 (76.6) 

Histological type Adenocarcinoma 111 (100) 
Histopathological grade Moderately differentiated 103 (92.8) 

Poorly differentiated 8 (7.2) 
Blood vessel invasion Positive 5 (4.5) 

Negative 106 (95.5) 
Metastatic type Synchronous metastasis 79 (71.2) 

Metachronous metastasis 32 (28.8) 
Metastatic site Lung 22 (19.8) 

Liver 79 (71.2) 
Brain 2 (1.8) 
Peritoneum 8 (7.2) 

K-ras gene Wild type 35 (46.1) 
Mutant type 41 (53.9) 

MMR/MSI status d MMR (MSI-H) 7 (6.3) 
p MMR (MSI-L/MS-S) 104 (93.7) 

Preoperative chemo/radiotherapy for synchronous metastasis Yes 13 (16.5) 
No 66 (83.5) 

Abbreviations: d MMR, deficient mismatch repair; p MMR, proficient mismatch repair; MSI-H, microsatellite instability-high; MSI-L, microsat
ellite instability-low; MS-S, microsatellite stability. 
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differentiated, whereas 7.2% were poorly differentiated. A total of 93.7% of primary tumours were p MMR (MSI-L/MS-S), whereas 
6.3% were d MMR (MSI-H). A total of 71.2% of the cases exhibited synchronous metastases, and 28.8% of the cases exhibited 
metachronous metastases. A total of 71.2% of metastatic sites were liver, and 19.8% were lung. Metastasis in the peritoneum and brain 
were noted in 7.2% and 1.8% of cases, respectively. 

3.2. PD-L1 expression in primary and metastatic tumours 

PD-L1 was found to be positive in 20.7% of primary tumours and 27.0% of distant metastases (Fig. 1a and b). PD-L1 expression in 
primary tumours and paired metastases was associated with CD8 TIL infiltration (P < 0.001, P = 0.003) but not with any other 
clinicopathological factors. The high CD8+ lymphocyte infiltration group tended to have a higher PD-L1 positive rate (53.8% vs. 
10.6%, 45.7% vs. 18.4%) (Table 3). 

Fig. 1. Representative immunostaining of PD-L1, CD4 and CD8. (A) PD-L1 expression in primary tumour with a CPS score of 10.0; (B) PD-L1 
expression in corresponding liver metastasis with a CPS score of 30.0; (C) CD4 TIL in primary tumour with area proportion of 15.0%; (D) CD4 
TIL in corresponding pulmonary metastasis with area proportion of 15.0%; (E) CD8 TIL in primary tumour with area proportion of 10.0%; (F) CD8 
TIL in corresponding liver metastasis with area proportion of 1.0%. 
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In our study, 68.5% of patients had concordant PD-L1 expression in primary tumours and corresponding metastases. However, 
31.5% of patients were inconsistent. The Kappa test indicated poor consistency in PD-L1 expression between primary and paired 
metastatic tumours (κ = 0.137, P = 0.142) (Table 2). We also found that this heterogeneity was correlated with discordance of CD8 TIL 
infiltration between primary tumours and paired metastases (P = 0.003) (Table 3). 

3.3. CD4 and CD8 TIL infiltration in primary and metastatic tumours 

In this study, the discrepancy in CD4 and CD8 TIL infiltration between primary tumours and paired metastases was investigated 
(Fig. 1c–f). Compared to corresponding primary tumours, area proportion of CD8 TIL infiltration was found to be higher in lung 
metastases (P = 0.022, median: 5.0% vs. 8.5%) and lower in liver metastases (P = 0.028, median: 5.0% vs. 3.0%) (Table 4). After 
adjusting for diameter of primary tumours and paired metastases, metastatic type, preoperative chemo/radiotherapy, MMR/MSI 
status, metastatic site was an independent factor associated with heterogeneity of CD8 TIL infiltration between primary tumours and 
paired metastases (OR 3.51, 95% CI 1.10–9.11, P = 0.033) (Table 5). No differences were observed in CD4 TIL infiltration between 
primary tumours and corresponding lung (P = 0.060, median: 8.5% vs. 15.0%) or liver metastases (P = 0.387, median: 8.0% vs. 9.0%). 
Analysis was not performed in peritoneum and brain metastases due to the limited case numbers (Table 4). 

Clinical or pathological parameters that could influence CD4 and CD8 TIL infiltration were also assessed in this study. The data 
indicated that preoperative chemo/radiotherapy might increase CD8 TIL infiltration in primary tumours (P = 0.045, median: 10.0% 

Table 2 
Correlation of clinicopathological characteristics with PD-L1 expression in primary tumours and paired metastases.  

Characteristic Primary tumours(P) Paired metastases(M) P∕=Mb P valuea 

PD-L1 (+) P valuea PD-L1 (+) P valuea 

Sex [no (%)] 0.443 0.178 0.817 
Male 16/84 (19.0) 20/84 (23.8) 26/84 (31.0) 
Female 7/27 (25.9) 10/27 (37.0) 9/27 (33.3) 
Age [no (%)] 0.993 0.056 0.771 
≤60 12/58 (20.7) 11/58 (19.0) 19/58 (32.8) 
＞60 11/53 (20.8) 19/53 (35.8) 16/53 (30.2) 
Primary tumour location [no (%)] 0.830 0.319 0.924 
Right colon cancer 5/26 (19.2) 9/26 (34.6) 8/26 (30.7) 
Left colon cancer 8/85 (21.2) 21/85 (24.7) 27/85 (31.7) 
Histopathological grade [no (%)] 0.886 1.000 1.000 
Moderately differentiated 22/103 (21.4) 28/103 (27.2) 32/103 (31.1) 
Poorly differentiated 1/8 (12.5) 2/8 (25.0) 3/8 (37.5) 
Blood vessel invasion [no (%)] 1.000 1.000 0.940 
Positive 1/5 (20.0) 1/5 (20.0) 1/5 (20.0) 
Negative 22/106 (20.8) 29/106 (27.4) 34/106 (32.1) 
K-ras gene [no (%)] 0.518 0.352 0.835 
Wild type 9/35 (25.7) 7/35 (20.0) 12/35 (34.3) 
Mutant type 8/41 (19.5) 12/41 (29.3) 15/41 (36.6) 
MMR/MSI status [no (%)] 0.633 0.385 0.676 
d MMR (MSI-H) 2/7 (28.6) 3/7 (42.9) 3/7 (42.9) 
p MMR (MSI-L/MS-S) 21/104 (20.2) 27/104 (26.0) 32/104 (30.8) 
Metastatic type [no (%)] 0.479 0.760 0.968 
Synchronous metastasis 15/79 (19.0) 22/79 (27.8) 25/79 (31.6) 
Metachronous metastasis 8/32 (25.0) 8/32 (25.0) 10/32 (31.3) 
Metastatic site [no. (%)] 0.582 0.806 0.923 
Lung 6/22 (27.3) 7/22 (31.8) 7/22 (36.4) 
Liver 15/79 (19.0) 23/79 (29.1) 26/79 (31.6) 
Preoperative chemo/radiotherapy for synchronous metastasis [no (%)] 0.425 0.551 0.120 
Yes 4/13 (30.7) 5/13 (71.4) 7/13 (30.8) 
No 11/66 (16.7) 17/66 (36.9) 18/66 (31.8) 
CD4 TIL infiltration [no (%)] 0.091 0.192  
Low 8/56 (14.3) 14/63 (22.2)  
High 15/55 (27.3) 16/48 (33.3)  
CD8 TIL infiltration [no (%)] ＜0.001 0.003  
Low 9/85 (10.6) 14/76 (18.4)  
High 14/26 (53.8) 16/35 (45.7)  
Discordance of CD4 TIL infiltration between primary and metastatic tumours [no (%)] 0.736 
Yes 20/66 (30.3) 
No 15/45 (33.3) 
Discordance of CD8 TIL infiltration between primary and metastatic tumours [no (%)] 0.003 
Yes 16/73 (21.9) 
No 19/38 (50.0) 

Note: 
a Chi-square test or Fisher’s exact test was used. Bold indicates p < 0.05. 
b P∕=M indicates discordant PD-L1 expression in primary tumours and paired metastases. 
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vs. 5.0%). Moreover, compared with p MMR (MSI-L/MS-S) subgroup, area proportion of CD8 TIL infiltration in primary tumours and 
CD4, CD8 TIL infiltration in paired metastases were all higher in d MMR (MSI-H) group (P = 0.026, median: 15.0% vs 5.0%; P = 0.039, 
median: 15.0% vs 9.0%; P = 0.015, median: 15.0% vs 5.0%). In addition, area proportion of CD4 and CD8 TIL infiltration in lung 

Table 3 
PD-L1 expression in primary tumours compared to their paired distant metastases.  

Distant metastases Overall (κ = 0.137) Lung (κ = 0.238) Liver (κ = 0.112) 

P valuea 0.142 0.219 0.115 
Primary tumours Positive Negative Positive Negative Positive Negative 
Positive 9 (8.1%) 14 (12.6%) 3 (13.6%) 3 (13.6%) 6 (7.6%) 9 (11.4%) 
Negative 21 (18.9%) 67 (60.4%) 4 (18.2%) 12 (54.6%) 17 (21.5%) 47 (59.5%) 

Note: 
a Kappa test was used. 

Table 4 
Comparison of CD4 and CD8 TIL infiltration in primary tumours and paired metastases.  

Characteristic Area proportion of CD4 TIL (median, %) P valueb  Area proportion of CD8 TIL (median, %) P valueb 

Primary 
tumours 

P 
valuea 

Paired 
metastases 

P 
valuea  

Primary 
tumours 

P 
valuea 

Paired 
metastases 

P 
valuea  

Overall 8.0    9.0  0.113 5.0    5.0  0.346 

Sex  0.200  0.272   0.994  0.906  
Male 9.0  9.0  0.440 5.0  5.0  0.328 
Female 5.0  10.0  0.054 5.0  5.0  0.855 
Age  0.104  0.126   0.128  0.417  
≤60 9.0  9.0  0.394 5.5  5.0  0.298 
>60 7.0  7.0  0.166 5.0  5.0  0.844 
Primary tumour location  0.382  0.620   0.792  0.794  
Right colon 8.0  10.0  0.128 5.0  5.0  0.963 
Left colon 7.0  9.0  0.559 5.0  5.0  0.265 
Histopathological grade  0.639  0.762   0.376  0.880  
Moderately differentiated 8.0  9.0  0.157 5.0  5.0  0.467 
Poorly differentiated 8.5  15.5  0.612 9.0  5.0  0.233 
Blood vessel invasion  0.284  0.977   0.123  0.242  
Positive 15.0  6.0  1.000 6.0  3.0  0.082 
Negative 8.0  9.5  0.109 5.0  5.0  0.609 
K-ras gene  0.272  0.986   0.248  0.287  
Wild type 8.0  10.0  0.054 5.0  5.0  0.436 
Mutant type 9.0  12.0  0.261 8.0  5.0  0.095 
MMR/MSI status  0.728  0.039   0.026  0.015  
d MMR (MSI-H) 10.0  15.0  0.344 15.0  15.0  0.813 
p MMR (MSI-L/MS-S) 8.0  9.0  0.171 5.0  5.0  0.288 
Diameter of primary tumours  0.392  0.889   0.863  0.639  
≤4 cm 9.0  9.0  0.617 5.0  5.0  0.334 
>4 cm 8.0  10.0  0.090 5.0  5.0  0.803 
Diameter of paired metastases  0.108  0.142  0.235 

0.380   
0.380  

≤2 cm 10.0  10.0  0.728 8.0  5.0  0.248 
>2 cm 7.0  7.5  0.588 5.0  5.0  0.881 
Metastatic type  0.123  0.918   0.265  0.976  
Synchronous metastasis 8.0  10.0  0.062 5.0  5.0  0.733 
Metachronous metastasis 9.0  9.0  0.737 7.0  5.0  0.228 
Metastatic site  0.570  0.005   0.670  0.001  
Lung 8.5  15.0  0.060 5.0  8.5  0.022 
Liver 8.0  9.0  0.387 5.0  3.0  0.028 
Preoperative chemo/ 

radiotherapy for 
synchronous metastasis  

0.053  0.128   0.045  0.163  

Yes 10.0  15.0  0.327 10.0  8.0  0.988 
No 8.0  9.0  0.052 5.0  3.0  0.765 

Note: 
a Mann-Whitney test was used to compare area proportion of CD4 and CD8 TIL infiltration between different subgroups. 
b Wilcoxon matched-pairs signed rank test was used to compare area proportion of CD4 and CD8 TIL infiltration between primary tumours and 

paired metastases within subgroups. Bold indicates p < 0.05. 
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metastases were all greater than those in liver metastases (P = 0.005, median: 15.0% vs. 9.0%; P = 0.001, median: 8.5% vs. 3.0%) 
(Table 4). 

3.4. Survival analysis 

A complete follow-up profile was available for 82 patients with a median follow-up time of 36.5 months. The log rank test revealed 
no prognostic value of PD-L1 expression in primary and paired metastatic tumours (P = 0.393, P = 0.246) (Table 6, Fig. 2a). More CD8 
lymphocyte infiltration in either primary tumours or paired distant metastases predicted a good prognosis (P = 0.036, P = 0.031) 
(Table 6, Fig. 2b). In multivariate analysis, CD8 TIL density in primary tumours was an independent predictive factor for overall 
survival (HR 0.28, 95% CI 0.09–0.93, P = 0.038) (Table 6, Fig. 2e). 

To further investigate the prognostic significance of PD-L1 expression in different immune microenvironments, patients were 
divided into four subgroups: PD-L1 negative/CD8 high (n = 10), PD-L1 positive/CD8 high (n = 10), PD-L1 negative/CD8 low (n = 54), 
and PD-L1 positive/CD8 low (n = 8). Interestingly, PD-L1 expression in primary tumours had a significant effect on prognosis 
exclusively in the high CD8 TIL density group (HR 0.20, 95% CI 0.05–0.85, P = 0.03) (Fig. 2c and d). 

The prognostic significance of PD-L1 expression and CD8 TIL infiltration was also examined in different MMR/MSI status. In 
d MMR (MSI-H) subgroup, CD8 TIL density in primary tumours was significant prognostic factor (P = 0.038). In p MMR (MSI-L/MS-S) 
subgroup, CD8 TIL density in primary tumours and paired metastases were all significant prognostic factors (P = 0.036, P = 0.031). 

Table 5 
Multivariate analysis of factors associated with heterogeneity of CD8 TIL infiltration between primary tumours and paired metastases.  

Characteristic Estimate (s.e.) Odds Ratio (95%CI) P valuea 

Diameter of primary tumours 
≤4 cm vs > 4 cm 

0.352 (0.428) 1.42 (0.63–3.29) 0.410 

Diameter of paired metastases 
≤2 cm vs > 2 cm 

− 0.065 (0.414) 0.94 (0.42–2.11) 0.875 

Metastatic type 
Synchronous vs metachronous metastasis 

0.713 (0.523) 2.04 (0.73–5.69) 0.173 

Metastatic site 
Lung vs liver 

1.256 (0.590) 3.51 (1.10–9.11) 0.033 

Preoperative chemo/radiotherapy 
No vs yes 

1.022 (0.665) 2.78 (0.76–8.22) 0.124 

MMR/MSI status 
d MMR (MSI-H) vs p MMR (MSI-L/MS-S) 

0.355 (0.827) 1.43 (0.28–7.20) 0.668 

Note: 
a Ordinal logistic model was used for multivariate analysis. The heterogeneity of CD8 TIL infiltration was split into 3 groups: 1. P > M, primary 

tumours (high) and paired metastases (low); 2. P = M, primary tumours (high) and paired metastases (high), primary tumours (low) and paired 
metastases (low); 3. P < M, primary tumours (low) and paired metastases (high). Bold indicates p < 0.05. 

Table 6 
Univariate and multivariate analysis of overall survival.  

Characteristic Univariate analysis  Multivariate analysis   

HR(95%CI) P valuea HR(95%CI) P value# 

Sex 
Male vs female 

0.84 (0.41–1.71) 0.603 0.84 (0.38–1.89) 0.677 

Age 
≤60 vs > 60 

0.44 (0.24–0.79) 0.005 0.44 (0.21–0.92) 0.030 

ECOG PS 
≤2 vs > 2 

0.43 (0.21–1.14) 0.034 0.82 (0.37–1.83) 0.633 

Metastatic type 
Metachronous vs synchronous metastasis 

0.25 (0.14–0.46) 0.001 0.26 (0.11–0.59) 0.001 

The number of metastatic organs 
Single vs multi-organ metastasis 

0.45 (0.21–0.95) 0.009 0.48 (0.24–0.97) 0.041 

MMR/MSI status 
d MMR (MSI-H) vs p MMR (MSI-L/MS-S) 

0.47 (0.17–1.31) 0.282 0.96 (0.18–5.05) 0.958 

PD-L1 in primary tumours 
Positive vs negative 

0.72 (0.36–1.44) 0.393 1.50 (0.61–3.68) 0.371 

PD-L1 in paired metastases 
Positive vs negative 

0.66 (0.35–1.25) 0.246 0.76 (0.32–1.77) 0.518 

CD8 TILs in primary tumours 
High vs low 

0.39 (0.20–0.76) 0.036 0.28 (0.09–0.93) 0.038 

CD8 TILs in paired metastases 
High vs low 

0.46 (0.25–0.85) 0.031 0.97 (0.39–2.44) 0.950 

Note: 
a Univariate analysis of overall survival was performed using the log rank test. # Multivariate analysis of overall survival was performed using the 

Cox proportional hazard model. Bold indicates p < 0.05. 
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However, PD-L1 expression in primary tumours and paired metastases showed no prognostic value in both subgroups (Table 7). 

4. Discussion 

In recent years, immunotherapy has become a mainstay of treatment for gastrointestinal tumours and other types of solid tumours, 
including metastatic colorectal cancer. Searching for markers that predict response to immunotherapy as well as other combination 
therapeutics to enhance the effectiveness of immunotherapy has become an pressing challenge [25–28]. As a target for immuno
therapy in mCRC, better characterization of the PD-L1 expression pattern and extent of heterogeneity in primary and paired metastases 
is of great significance to clinical treatment. The heterogeneous features of PD-L1 expression in various tumours have been extensively 
described previously, hampering its predictive value for prognosis and immunotherapy efficacy [22,29–31]. Previous studies have 
reported that PD-L1 expression is enhanced in recurrent and metastatic tumours during colorectal cancer progression or metastasis 
[32]. Similar inconsistencies were also observed in a subgroup of mCRC patients undergoing simultaneous resection of primary and 
liver metastatic lesions [11]. In the present study, we observed discordant PD-L1 expression between primary tumours and paired 
metastases in 31.5% of patients. Therefore, in addition to primary tumours, it is also necessary to assess PD-L1 expression status in 

Fig. 2. Kaplan-Meier curves for overall survival (OS) of metastatic colorectal cancer patients. (A) PD-L1 expression in primary tumours(P) and 
paired distant metastases(M) does not affect overall survival; (B) High CD8 lymphocytes infiltration in primary tumours(P) or paired distant me
tastases(M) predicts a good prognosis; (C) In high CD8 lymphocytes infiltration group, PD-L1 positive expression in primary tumours predicts a 
worse prognosis; (D) In low CD8 lymphocytes infiltration group, PD-L1 expression in primary tumours does not affect overall survival; (E) CD8 TIL 
infiltration in primary tumours were independently predictive factors for overall survival. 
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distant metastases of mCRC before immunotherapy. Additionally, in our study, we found that the heterogeneity of PD-L1 expression 
correlated with discordance of CD8 TIL density between primary tumours and paired metastases. It has been confirmed that the cy
tokines released by T lymphocytes may upregulate PD-L1 expression in tumour cells and thus promote immune escape [5]. Therefore, 
discrepant infiltration of CD8+ TILs might be partly responsible for the discordance in PD-L1 expression. Detailed mechanisms un
derlying the correlations need to be further explored. 

Previous clinical trials have indicated that liver metastases of patients with mCRC are less sensitive to immunotherapy [20,21]. In 
the present study, we found that both CD4 and CD8 TIL densities in liver metastases were lower than those in lung metastases. 
Moreover, compared with corresponding colorectal tumours, liver metastases showed less CD8 TIL infiltration, whereas lung me
tastases exhibited more CD8 TIL infiltration. In contrast to colorectal tumours and lung metastases, liver metastases tend to exhibit a 
state of immunosuppression, which may partially explain the poor benefit from immunotherapy in mCRC with liver metastases in 
clinical trials. The low antigenicity of metastatic tumour cells and hepatic immune tolerance may collectively result in diminished CD4 
and CD8 TIL infiltration in liver metastases. Due to the selection of local and systemic immune pressure during colorectal tumour 
metastasis, subclones with low immunogenicity tend to escape from the immune system and colonize the liver. Thus, liver metastases 
tend to have lower antigenicity, resulting in insufficient activation and lower infiltration of CD4+ and CD8+ TILs [33]. Hepatic immune 
tolerance can maintain homeostasis of the liver environment by preventing excessive immune responses to large amounts of antigens 
from the portal vein. Moreover, hepatic immune tolerance also mediates weaker antitumour immunity in liver metastases [34]. A 
previous study reported that tumour-associated macrophages (TAMs), myeloid-derived suppressor cells (MDSCs) and regulatory T 
cells (Tregs) were recruited in the vicinity of liver metastases to maintain a state of immunosuppression by restraining CD4 and CD8 
lymphocyte cell-mediated adaptive immunity [35,36]. Therefore, breaking hepatic immune tolerance to increase the infiltration of 
effector T cells in liver metastases may be critical to improve the efficacy of immunotherapy for mCRC. In addition, we found relatively 
increased infiltration of CD4+ and CD8+ TILs in lung metastases. Frequent exposure to pathogens from the atmospheric environment 
leads to a high infiltration of immune cells in the basal state, which may shape a specific immune landscape in pulmonary metastases 
[37]. 

In the present study, we also found that radiotherapy or chemotherapy might promote CD8 TIL infiltration in colorectal tumours. 
Similar results have also been reported previously by Monjazeb et al. [38]. Preoperative chemo/radiotherapy may remodel the tumour 
immune microenvironment and turn the so-called “cold tumours” into “hot tumours”. Tumour cells damaged by radiotherapy or 
chemotherapy may generate new antigens that are presented to T lymphocytes and trigger the activation and infiltration of CD4+ and 
CD8+ TILs [39]. Therefore, chemo/radiotherapy and immune checkpoint inhibitors might have synergistic effects in treating mCRC, 
which still remains to be verified in more clinical trials. Additionally, in this study, CD8 TIL density in primary tumours and CD4, CD8 
TIL density in paired metastases were all found higher in d MMR (MSI-H) group than p MMR (MSI-L/MS-S) subgroup. As has been 
reported previously, tumour cells with d MMR (MSI-H) signature have high overall mutation burden and present more neoantigen 
peptides through MHC class I molecules [26,28]. Thus, these tumours are more likely to be identified as non-self and highly infiltrated 
by immune cells, especially CD8+ cytotoxic T cells, CD4+ T helper 1(Th1) cells and macrophages [40]. This accounts for the fact that 
more than half of mCRC patients with d MMR (MSI-H) signature can benefit from immunotherapy [17]. 

The prognostic significance of PD-L1 expression in mCRC is quite controversial in previous studies. Zhang et al. found that patients 
with higher PD-L1 expression in colorectal tumours tended to have a worse prognosis [13]. Liu et al. reported no association between 
PD-L1 expression in colorectal tumours and the overall survival of patients with mCRC [12]. Our data showed that PD-L1 expression in 
primary tumours exhibited prognostic value only in the high CD8 TIL density group, not in the whole cohort, indicating that high 
infiltration of CD8 lymphocytes in the tumour microenvironment might be a prerequisite for PD-L1 expression to affect overall sur
vival. In addition, we found that CD8 TIL infiltration in primary tumours but not in paired metastases was an independent factor 
affecting prognosis, suggesting that CD8 TIL infiltration in primary tumours was more important for predicting overall survival in 
patients with mCRC. 

There were some limitations in this study. First, cases with other sites of metastases, such as the peritoneum and brain, were too 
limited to achieve statistical analysis. Second, three representative areas for PD-L1 expression evaluation might not be representative 
of whole tissue sections. Third, only CD4 and CD8 TILs were evaluated without further subdivision of their subsets. Fourth, the 
infiltration of intratumoral and stromal TILs and their prognostic implications were not assessed separately, which deserves more 

Table 7 
Univariate analysis of overall survival in different MMR/MSI subgroups.  

Characteristic d MMR (MSI-H) p MMR (MSI-L/MS-S)  

HR (95%CI) P valuea HR (95%CI) P valuea 

PD-L1 in primary tumours 
Positive vs negative 

0.23 (0.01–4.71) 0.343 0.81 (0.39–1.67) 0.590 

PD-L1 in paired metastases 
Positive vs negative 

1.15 (0.07–18.58) 0.919 0.65 (0.34–1.26) 0.245 

CD8 TILs in primary tumours 
High vs low 

0.10 (0.01–0.31) 0.008 0.37 (0.15–0.92) 0.026 

CD8 TILs in paired metastases 
High vs low 

0.62 (0.04–10.68) 0.728 0.47 (0.25–0.88) 0.046 

Note: 
a Univariate analysis of overall survival was performed using the log rank test. Bold indicates p < 0.05. 
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attention in future investigations. Finally, this study is limited to a Chinese population with a relatively small sample size. More 
detailed studies remain to be conducted in the future. 

5. Conclusion 

In summary, heterogeneity in PD-L1 expression and CD8 TIL infiltration was found between primary tumours and paired metas
tases in mCRC. CD8 TIL infiltration in primary tumours was an independent factor affecting the overall survival of patients with mCRC. 
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