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Background: The aim of this study was to assess the prognostic value of CD8+ tumor infiltrating 
lymphocytes (TIL) combined with programmed cell death-ligand 1 (PD-L1) expression for patients with 
solitary colorectal cancer liver metastasis (SCLM) undergoing R0 resection
Methods: Patients undergoing curative hepatectomy for SCLM were reviewed. Immunohistochemical 
multiplex technique was used for quantifying CD8+ TIL, and immunohistochemical staining was used for 
assessing PD-L1 expression. The tumor immune microenvironment (TIME) was classified as strong for high 
CD8+ TIL and low PD-L1, weak for low CD8+ TIL and high PD-L1, and mild for the rest. Recurrence-
free survival (RFS) and overall survival (OS) was compared between these groups.
Results: Among the 94 patients included, a high CD8+ TIL and high PD-L1 expression was observed in 
51 (54.3%) and 47 (50.0%) patients, respectively. Strong, mild, and weak TIME was observed in 24 (25.5%), 
42 (44.7%), and 28 (29.8%) patients, respectively. Patients with a high CD8+ TIL had a significant longer 
RFS than patients with a low CD8+ TIL (3-year RFS rate, 71.6% vs. 55.3%, P=0.018). The 3-year RFS rate 
in the strong TIME group was significantly higher than that in the mild and weak TIME groups (89.5% vs. 
71.7% and 28.8%, P<0.001), as was the 3-year rate of OS (93.8% vs. 81.8% and 61.6%, P<0.001). CD8+ 
TIL combined with PD-L1 expression showed better predicting accuracy for RFS than CD8+ TIL alone.
Conclusions: The density of CD8+ TIL combined with PD-L1 expression in liver metastasis was a 
predictor of RFS for patients with SCLM undergoing R0 resection, and therefore can be used for guiding 
the postoperative treatment of these patients.
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Introduction

Colorectal cancer (CRC) is one of the leading causes of 
cancer-related death, with an estimate of 0.81 million 
mortality globally (1). Liver metastasis is the main reason 
for treatment failure, occurring in nearly 50% of CRC 
patients along the course of their disease (1-3). Surgery 
is the major potentially curative therapy for patients with 
CRC liver metastasis (CRCLM), but nearly 70% experience 
recurrence even after R0 resection (4,5). The Clinical Risk 
Score, proposed by Fong et al., is a widely used scoring 
system for patients with CRCLM (6). Patients with a 
higher score are more likely to develop new lesions after 
hepatectomy, and thus are recommended for postoperative 
chemotherapy (7). Predictors of recurrence are helpful for 
patient selection and decision-making on postoperative 
treatment.

The tumor immune microenvironment (TIME) has 
been suggested to play an important role in the fight against 
cancer cells (8). A higher density of tumor-infiltrating T 
cells (TILs) has been shown to provide better prognosis and 
higher sensitivity to chemotherapy for CRC patients (9,10). 
Although not all types of TILs are prognostic, CD8+ TILs, 
cytotoxic lymphocytes that can directly kill cancer cells, 
have been found to correlate with improved survival across 
a variety of cancers, including localized and metastatic  
CRC (11). However, the TIME has both pro- and anti-
tumor components in its environment, which means the 
density of CD8+ TILs alone does not stand for the whole 
immune landscape.

One of the most notable antagonistic markers is the 
programmed cell death-ligand 1 (PD-L1). PD-L1 is a 
protein expressed by a variety of cells in the tumor matrix, 
and when binding to its receptor the programmed cell death 
1 (PD-1) on activated CD8+ TILs, it can down-regulate 
T cell activity, leading to immune exhaustion (12,13). 
Overexpression of stromal PD-L1 has been suggested to 
be an adverse prognostic factor in many cancers including 
breast cancer, gastric cancer, and lung cancer, but it has 
not been validated in CRCLM (14-16). Question arises, 
therefore, as to whether the combination of CD8+ TIL and 
PD-L1 expression in the CRCLM is prognostic for patients 
with CRCLM.

However, determining the prognostic value of this 
combination in CRCLM remains challenging because 
there are many other factors affecting the outcome of 
hepatectomy, including the number of liver metastases and 
whether the surgery achieves R0 resection (6). Here, we 

sought to evaluate the prognostic value of the combination 
of CD8+ TIL and PD-L1 expression in the hepatic TIME, 
with a specific subset of patients with solitary CRCLM 
(SCLM) who had undergone R0 resection, and who had 
no history of preoperative chemotherapy. We present the 
following article in accordance with the STROBE reporting 
checklist (available at http://dx.doi.org/10.21037/atm-20-
2762a).

Methods

Patient selection

Patients undergoing R0 hepatectomy in Sun Yat-sen 
University Cancer Center from Jan 2000 to Dec 2016 were 
reviewed. Primary tumors, if present, were also R0 resected 
concurrently. Patients with extrahepatic metastases or with 
a history of systemic chemotherapy within 3 months before 
liver surgery were excluded. Data on clinicopathological 
characteristics were extracted from hospital records, 
including age, sex, preoperative serum carcinoembryonic 
antigen (CEA), primary tumor location, and the size of liver 
metastasis. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013) and was 
approved by the institutional review board of Sun Yat-sen 
University Cancer Center (approval number: GZR2017-
006), and all patients gave written informed consent.

All of the patients were evaluated for the resectability of 
liver metastases by a multidisciplinary team. R0 resection 
was defined by negative pathological margins. Intra-
operative ultrasound was routinely used to delimit the 
tumor and to exclude the possibility of covert metastasis. 
After surgery, adjuvant chemotherapy with oxaliplatin-based 
regimens was routinely recommended. Follow-up with 
abdominal computed tomography scan was recommended 
every 3–6 months within 2 years, and every 6–12 months 
thereafter. 

Immunofluorescent and Immunohistochemical staining

We used tyramide signal amplification (TSA) multiplexing 
technique for the quantification of CD8+ T cells. The 
protocol has been previously described (17). In brief, 
paraffin-embedded tissues of the resected liver tumors 
were sliced into 4-μm-thick sections and immunostained 
with primary antibodies against CD3 and CD8. Nuclei 
were counterstained with DAPI. The filter cubes used for 
multispectral imaging were DAPE (440–680 nm), CD3  
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(520 nm), and CD8 (690 nm). Cells positive for CD3 and 
CD8 in the tumor were considered CD8+ T lymphocytes, 
and were quantified as total cell number X positivity using 
at least five representative fields at 200X magnification of 
the tumor areas.

PD-L1 expression was assessed by immunohistochemical 
staining of these slides using anti-PD-L1 rabbit monoclonal 
antibody (1:300 dilution, GB11339; Servicebio, Wuhan, 
China), and was scored by a semiquantitative method, 
according to the percentage and intensity of positively 
stained cells (18). The percentage of positively stained cells 

was scored as: 0, <5%; 1, 5–24%; 2, 25–49%; 3, 50–74%; 
4, 75–100%, and the intensity staining was scored as: 0, 
negative; 1, weak; 2, moderate; 3, strong. The IHC score of 
PD-L1 expression was the product of two scores.

Patient classifications

The CD8+ TIL density and PD-L1 expression was each 
divided into either high or low, according to their respective 
median value. Since a high CD8+ TIL density indicates 
strong immune infiltration and low PD-L1 expression 
suggests less immune exhaustion, we combined the two 
factors (referred to as CD8-PDL1) and divided the patients 
into three subgroups: ‘Strong’ for those with high CD8+ 
TIL and low PD-L1, ‘Weak’ for those with low CD8+ 
TIL and high PD-L1, and ‘Mild’ for the rest (High CD8+ 
TIL and High PD-L1 or Low CD8+ TIL and Low PD-
L1). We then compared their differences in recurrence-free 
survival (RFS), overall survival (OS), and the performance 
in predicting recurrence after hepatectomy.

Statistics

RFS was defined as time from hepatectomy to recurrence 
or death from any cause, whichever occurred first, and 
OS was defined as time from hepatectomy to death from 
any cause. Associations between categorical variables were 
assessed by Chi-square test, Fisher’s exact test, or Wilcoxon 
rank-sum test, as appropriate. Kaplan-Meier methods 
were used to estimate RFS and OS probability, and log-
ranks test was used to compare the difference between 
subgroups. The performance of prediction for RFS was 
compared using area under the curve (AUC) from receiver 
operating characteristic (ROC) and time-dependent ROC. 
All P values were two-sided, and P<0.05 was considered 
statistically significant. All analyses were performed in R 
(version 3.5.3). Analysis was performed based on available 
data.

Results

Baseline characteristics

Baseline clinicopathological features are listed in Table 1.  
In total, 94 patients with SCLM that underwent R0 
resection were included. Of them, 39 (41.5%) were female, 
and the median age was 58 years. Metachronous metastasis 
was observed in 40 (42.6%) patients. The median size 

Table 1 Baseline characteristics (n=94)

Characteristics N Percent

Age (years)

<60 53 56.4

≥60 41 43.6

Sex

Female 39 41.5

Male 55 58.5

Primary site

Left colon 25 26.6

Right colon 36 38.3

Rectum 33 35.1

N stage*

Negative 31 37.3

Positive 52 62.7

Time of metastasis

Metachronous 40 42.6

Synchronous 54 57.4

Size of metastasis (cm)

≤3 70 74.5

>3 24 25.5

Preoperative CEA

≤5 33 37.1

>5 56 62.9

Postoperative chemotherapy

No 33 35.1

Yes 61 64.9

*, available for 83 patients. CEA, carcinoembryonic antigen.
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of metastases was 2.0 cm in diameter, and 24 (25.5%) 
had metastases >3 cm. Postoperative chemotherapy was 
delivered to 61 (64.9%) patients.

Clinicopathological features among CD8, PD-L1, and 
CD8-PD-L1 subgroups

Figure 1 shows the low and high density of CD8+ TIL 
(Figure1A,B) and PD-L1 expression (Figure1C,D). A low and 
high CD8+ TIL was observed in 51 (54.3%) and 43 (45.7%) 
patients, respectively. The low and high PD-L1 subgroups 
each accounted for 50% of the cases. When CD8+TIL and 
PD-L1+ cells were combined, the Strong, Mild, and Weak 
subgroups of CD8-PDL1 were observed in 24 (25.5%), 42 
(44.7%) and 28 (29.8%) patients, respectively.

Table 2 shows the comparisons of clinicopathological 
features between the CD8+ TIL and PD-L1 subgroups. 
High PD-L1 expression was more common among the 
patients with synchronous metastases (68.1 % vs. 31.9%, 
P=0.037). Similar trend was observed for high CD8+ TIL 
(74.4% vs. 25.6%, P=0.002). There were no differences 
in terms of sex, primary site, lymph nodes involvement, 

preoperative serum CEA level, and the size of metastasis. 
For the three subgroups of CD8-PDL1, all of the above 
factors were well balanced.

Comparisons of survival and predictive performance

After a median follow up of 36.4 (1.6–143.3) months, 
recurrence and death occurred in 38 and 25 patients, 
respectively. The median RFS was 72.3 months, and the 
median OS was not reached (Table 3). Of the 38 recurrences, 
22 (57.8%) were confined in the liver; the other 16 (42.2%) 
involved extrahepatic sites.

In the subgroup analysis (Figure 2), patients with a high 
CD8+ TIL had significantly longer RFS than patients with 
a low CD8+ TIL (median: not reached vs. 55.8 months, 
3-year RFS 71.6% vs. 55.3%, P=0.018). In contrast, patients 
with low PD-L1 expression had longer RFS than patients 
with high PD-L1 expression (median: not reached vs.  
24.9 months, 3-year RFS 88.6% vs. 38.4%, P<0.001). 
Patients with low PD-L1 expression had significant longer 
OS than patients with high PD-L1 expression, with the 
3-year OS of 92.9% vs. 65% (P<0.001).

Figure 1 Immunostaining of CD8+ TIL (A, low, 20×; B, high, 20×) and PD-L1 expression (C, low, 40×; D, high, 40×). TIL, tumor 
infiltrating lymphocytes.

A

C

B
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Table 2 Comparison of baseline features between CD8 and PD-L1 subgroups

Parameters
CD8 TIL PD-L1 expression CD8-PDL1

Low (n=51) High (n=43) P Low (n=47) High (n=47) P Strong (n=24) Mild (n=42) Weak (n=28) P

Sex 0.364 0.834 0.127

Female 19 (37.3) 20 (46.5) 20 (42.6) 19 (40.4) 9 (37.5) 22 (52.4) 8 (28.6)

Male 32 (62.7) 23 (53.5) 27 (57.4) 28 (59.6) 15 (62.5) 20 (47.6) 20 (71.4)

Primary site 0.084 0.778 0.644

Left colon 12 (23.5) 13 (30.2) 11 (23.4) 14 (29.8) 7 (29.2) 10 (23.8) 8 (28.6)

Right colon 16 (31.4) 20 (46.5) 19 (40.4) 17 (36.2) 11 (45.8) 17 (40.5) 8 (28.6)

Rectum 23 (45.1) 10 (23.3) 17 (36.2) 16 (34.0) 6 (25.0) 15 (35.7) 12 (42.9)

N stage* 0.887 0.269 0.642

Negative 16 (38.1) 15 (36.6) 17 (43.6) 14 (31.8) 10 (45.5) 12 (33.3) 9 (36.0)

Positive 26 (61.9) 26 (63.4) 22 (56.4) 30 (68.2) 12 (54.5) 24 (66.7) 16 (64.0)

Time of metastasis 0.002 0.037 0.528

Metachronous 29 (56.9) 11 (25.6) 25 (53.2) 15 (31.9) 8 (33.3) 20 (47.6) 12 (42.9)

Synchronous 22 (43.1) 32 (74.4) 22 (46.8) 32 (68.1) 16 (66.7) 22 (52.4) 16 (57.1)

CEA** 0.286 0.764 0.457

>5 32 (68.1) 24 (57.1) 27 (61.4) 29 (64.4) 11 (47.8) 13 (32.5) 9 (34.6)

≤5 15 (31.9) 18 (42.9) 17 (38.6) 16 (35.6) 12 (52.2) 27 (67.5) 17 (65.4)

Size of metastasis 0.347 0.344 0.337

>3 15 (29.4) 9 (20.9) 10 (21.3) 14 (29.8) 5 (20.8) 9 (21.4) 10 (35.7)

≤3 36 (70.6) 34 (79.1) 37 (78.7) 33 (70.2) 19 (79.2) 33 (78.6) 18 (64.3)

*, available for 83 patients; **, available for 89 patients. CEA, carcinoembryonic antigen; TIL, tumor infiltrating lymphocytes; CD8-PDL1, 
combination of CD8 TIL and PD-L1 expression.

For the CD8-PDL1, median RFS and OS were not 
reached for the Strong and Mild subgroups, and were 13.6 
and 43.2 months respectively for the Weak group (P<0.001). 
The 3-year RFS rate in the Strong group was significantly 
higher than that in the Mild and Weak groups (89.5% vs. 
71.7% and 28.8%, P<0.001), as was the 3-year rate of OS 
(93.8% vs. 81.8% and 61.6%, P<0.001) (Figure 2). The 
preoperative CEA level and postoperative chemotherapy 
history were not associated with RFS and OS.

In the ROC analysis (Figure 3A), the CD8-PDL1 
displayed larger AUC than the CD8 and PD-L1 alone 
[0.79 (0.711–0.879) vs. 0.64 (0.543–0.739) and 0.77 (0.679–
0.851)], suggesting greater ability to predict recurrence 
after R0 resection for CRCLM. In the time-dependent 
ROC analysis, the CD8-PDL1 showed good predictive 
performance at multiple time points (12, 24, 36, 48, 60, 

and 72 months), and the AUC stabilized after 60 months  
(Figure 3B).

Discussion

The role of TIME in carcinogenesis is complex because 
there are both pro- and anti-tumor immunological 
components in the same environment (19). In this study, we 
confirmed that the density of CD8+ TIL was a favorable 
prognostic factor of RFS and OS for patients with SCLM 
undergoing R0 resection. Moreover, when it was combined 
with PD-L1 expression, the factor CD8-PDL1 was able 
to discriminate patients with different outcomes, and its 
predictive accuracy for RFS was superior to that of CD8+ 
TIL alone.

Although recurrence is common among patients with 
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Table 3 Survival analysis of RFS and OS

Parameters N
RFS rates (%) OS rates (%)

1-year 3-year 5-year P 1-year 3-year 5-year P

Total 94 84.0 63.1 54.6 96.7 78.9 68.7

Primary site 0.584 0.880

Left colon 25 88 73 56.9 NR 80.7 69.2

Right colon 36 83.3 50.4 50.4 91.7 77.3 64.9

Rectum 33 81.8 68 56.7 97 79 70.7

N stage* 0.042 0.097

Negative 31 96.8 80.3 61.8 96.8 92.9 78.4

Positive 52 78.8 51.9 48.2 96.1 70.8 64.4

Time of metastasis 0.78 0.800

Metachronous 40 77.5 65.5 60.1 95 83 70.2

Synchronous 54 88.9 61.4 50.6 96.3 75.5 67.8

Size of metastasis 0.842 0.525

>3 24 75 65.6 56.2 91.7 77.9 64.3

≤3 70 87.1 62.2 53.8 97.1 79.1 70.2

CEA** 0.091 0.158

>3 33 93.9 78.5 60.0 97 84.4 76.7

≤3 56 78.6 57 53.4 94.6 75.7 69.0

Postoperative chemotherapy 0.362 0.837

No 33 93.9 72.3 60.2 97 85 65.4

Yes 61 78.7 58.9 51.1 95 76.2 68.6

CD8+ TIL 0.018 0.102

Low 51 74.5 55.3 46.2 92.1 76 62.6

High 43 95.3 71.6 65.1 NR 82 77.4

PD-L1+ cells <0.001 <0.001

Low 47 93.6 88.6 83.9 95.7 92.9 86.1

High 47 74.5 38.4 26.6 95.7 65 50.3

CD8-PDL1 <0.001 <0.001

Strong 24 NR 89.5 89.5 NR 93.8 85.2

Mild 42 88.1 71.7 63.7 95.2 81.8 78.4

Weak 28 64.3 28.8 17.3 92.9 61.6 38.0

*, available for 83 patients; **, available for 89 patients. CEA, carcinoembryonic antigen; TIL, tumor infiltrating lymphocytes; CD8-PDL1, 
combination of CD8 TIL and PD-L1 expression.
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Figure 2 RFS and OS for patients with different CD8+ TIL (A and D), PD-L1 expression (B and E), and CD8-PDL1 (C and F). RFS, 
recurrence-free survival; OS, overall survival; TIL, tumor infiltrating lymphocytes; CD8-PDL1, combination of CD8+ TIL and PD-L1 
expression.

Figure 3 Prediction performance of CD8, PD-L1, and CD8-PDL1. (A) ROC of CD8+ TIL, PD-L1 expression and CD8-PDL1 for 
predicting RFS. (B) Time-dependent ROC for CD8-PDL1 for predicting RFS at 12, 24, 36, 48, 60, and 72 months after hepatectomy. 
ROC, receiver operating curve; TIL, tumor infiltrating lymphocytes; CD8-PDL1, combination of CD8+ TIL and PD-L1 expression.

CRCLM undergoing liver resection, those with solitary 
metastasis have longer survival. Fong et al. found that 
patients with solitary CRCLM had a 5-year OS rate of 44% 
after liver surgery, significantly higher than that of patients 
with ≥2 CRCLM (6). In our study, all patients had solitary 
CRCLM, and the 5-year OS rate were 68.7%, higher than 
previously reported. The major reason for this may be that 

the sizes of the liver metastases in this study were relatively 
small, with a median diameter of 2.0 cm and only one 
fourth being ≥3 cm. According to previous studies, patients 
with CRCLM <3 cm have longer survival than those with 
CRCLM ≥3 cm (20).

The density of CD8+ TIL, in both primary and 
metastatic lesions, have been proven to be a prognostic 
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factor of survival in a variety of cancers (11). In CRC, Pagès 
et al. found that a higher density of CD8+ TIL in primary 
CRC was associated with fewer signs of early metastatic 
invasion and better survival, and Mlecnik et al. found that 
the predicting performance of TIL was better than that 
of MMR status and TNM stage (21-23). Consistent with 
those reports, our results showed that patients with a higher 
CD8+ TIL had a better outcome, with 3-year RFS rate 
being 71.6% vs. 55.3%. Moreover, since TIL varies between 
liver metastases and can be affected by chemotherapy, by 
incorporating only patients with solitary metastasis and 
with no history of neoadjuvant chemotherapy, our study 
provided unequivocal high-quality evidence supporting the 
favorable role of TIL in CRCLM (24,25).

However, the density of TIL is not the only factor that 
determines the immune activity in the TIME; there are 
other factors affecting the function of immune cells, among 
which PD-L1 expression is the most known one. The 
interaction between PD-1 and PD-L1 puts a brake on the 
activated CD8+ T cells, inhibiting their release of cytotoxic 
cytokines such as Granzyme B and Interferon-γ (12). In 
human hepatocellular carcinoma, Gao et al. demonstrated 
that overexpression of PD-L1 was significantly associated 
with tumor aggressiveness and a high recurrence rate after 
resection (26). In gastric cancer, Thompson et al. found 
that, tumors with an increased CD8+ TIL were usually 
accompanied by overexpression of PD-L1, and that PD-
L1 expression counteracted the immunological effect of 
TIL, leading to worse survival in patients with a higher 
density of TIL (14). Other studies have found that tumor-
associated macrophages and several cytokines are linked to 
immune cell exhaustion in the tumor microenvironment 
(27,28). Together, these findings suggest that the immune 
environment as a whole, rather than the aggregation of T 
cells alone, is responsible for the anti-cancer effect of the 
immune system.

In this study, when classified into two groups according 
to PD-L1 expression, patients with a higher PD-L1 had 
significantly worse RFS and OS than those with a lower 
PD-L1, supporting the immunosuppressive role of PD-
L1 in the setting of CRCLM. Moreover, when CD8+ TIL 
and PD-L1 expression were combined, CD8-PDL1 was 
able to divide patients into three groups with different 
outcomes: those with the strong immune reaction (high 
CD8+ TIL and low PD-L1) had the longest survival, while 
those with the mild immune reaction (high CD8+ TIL 
and high PD-L1 or low CD8+ TIL and low PD-L1) had 
shorter survival—but it was still longer than those with 

the weak immune reaction (low CD8+ TIL and high PD-
L1). In addition, with regard to the predicting accuracies 
for recurrence, the model of CD8-PDL1 had significantly 
larger AUCs than the CD8 model. In time-dependent 
ROC analysis, CD8-PDL1 also showed high accuracy 
for predicting recurrence. Therefore, CD8-PDL1 can 
be used as a prognostic marker for patients with SCLM 
undergoing hepatectomy, thus providing guidance for their 
postoperative treatment.

Our study has some limitations. First, it is a single-center 
study and its sample size is relatively small, therefore the 
results it yielded should be validated in large-scale cohorts. 
Second, apart from CD8+ TIL and PD-L1 expression, there 
are many other factors that can influence immune reaction, 
including the infiltration of macrophages, neutrophils and 
other cells (11). These were not taken into account in the 
study. Last, the outcome of metastatic CRC is also affected 
by the genotype of some genes such as KRAS and BRAF (29).  
These two genes were tested in less than one fifth of the 
patients and thus were not analyzed.

Conclusions

The density of CD8+ TIL and PD-L1 expression were 
predictors of RFS for patients with solitary CRCLM 
undergoing R0 liver resection. The TIME, as measured 
by PD-L1 expression and CD8+ TIL density, was able to 
further discriminate these patients with different outcomes, 
providing reliable guidance for postoperative treatments.
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