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Primary tumor immune score fails to predict the prognosis of 
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Background: Increasing evidence suggests that the immune score is significantly associated with cancer 
prognosis. However, the prognostic role of primary tumor immune score in colorectal cancer liver metastases 
(CRLM) after hepatectomy in Chinese patients has not been reported. The present study is designed to 
investigate whether the immune score of primary tumor can predict the postoperative survival of liver 
metastases in Chinese patients.
Methods: A total of 131 patients diagnosed with CRLM were included, and the corresponding primary 
tumor and liver metastasis specimens were acquired. An immune score ranging from 0 to 4 was established 
based on the counts and densities of CD3+ and CD8+ T cells in the core tumor (CT) and the invasive margin 
(IM). Relapse-free survival (RFS) and overall survival (OS) were analyzed by Kaplan-Meier curves to assess 
the prognostic role of primary tumor immune score. Furthermore, we conducted a comprehensive search 
of the Gene Expression Omnibus (GEO) and selected stage IV colorectal cancer (CRC) patients with liver 
metastasis to compare the tumor-infiltrating T cell profiles of the primary tumor and liver metastases by 
CIBERSORT.
Results: Patients with high immune scores in the primary tumor has no significantly better RFS and OS 
after hepatectomy than those with low immune scores [median RFS (95% CI): 19.13 (10.07–28.20) vs. 27.13 
(15.97–38.29) months, P=0.604; median OS (95% CI): 64.37 (35.96–92.78) vs. 40.07 (32.54–47.59) months, 
P=0.652]. Data collected from the GEO indicates that the proportion of CD8+ T cells and total T cells in 
the primary tumor and liver metastatic lesion are also not significantly correlated (CD8+ T cells: r2 =0.030, 
P=0.468; total T cells: r2 =0.165, P=0.076).
Conclusions: The immune score of the primary tumor fails to predict the prognosis of CRLM after 
hepatectomy in Chinese patients.
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Introduction

Colorectal cancer (CRC) can be a fatal malignancy that 
has demonstrated an increasing incidence and mortality 
over the past few decades in China (1), and is currently 
ranked as the third most common cancer worldwide (2). 
Synchronous or heterochronous liver metastasis develops 
in 35–55% of CRC patients and is the major cause of death 
(3,4). Liver resection is the main curative treatment for 
colorectal cancer liver metastasis (CRLM) but more than 
60–80% of the patients experience recurrence after initial 
liver resection, with a 5-year survival rate of only 25–50% 
(5-8). Clinically, the most widely accepted predictive system 
for CRLM prognosis after hepatectomy is the clinical 
risk score (CRS) which was proposed by Fong et al. (9). 
However, survival varies among patients with the same 
CRS, suggesting that these clinicopathological parameters 
are not the only factors influencing survival.

The immune microenvironment plays an important role 
in the occurrence and progression of CRC. An immune 
score system, which evaluated the densities of CD3+ and 
CD8+ immune cells in the core tumor (CT) and the invasive 
margin (IM) of the primary tumor, showed encouraging 
performance in predicting the postoperative outcome of 
stage I–III CRC patients (10-12). Previously, both our 
research and that of Mlecnik B have reported that the 
immune score for liver metastases can predict the prognosis 
of CRLM patients who underwent hepatectomy (13,14). 
Nevertheless, pathological specimens of liver metastases 
cannot be obtained until liver resection, which limits the 
practicability of metastatic immune scores in the decision 
of hepatectomy. We therefore aimed to determine whether 
the primary tumor immune score could be a substitute for 
the metastatic immune score to predict prognosis of CRLM 
patients who underwent liver resection.

In this study, we validate whether the immune score 
of primary tumor have the potential prognostic value to 
predict survival outcomes after liver metastases resection and 
compare the immune infiltration between primary tumor and 
corresponding liver metastases. We present the following 
article in accordance with the TRIPOD reporting checklist 
(available at http://dx.doi.org/10.21037/atm-20-4932).

Methods

Patients

Consecutive patients with CRLM who underwent primary 
tumor resection as well as liver metastasis resection between 
June 2004 and June 2017 at the Sun Yat-sen University 
Cancer Center (Guangzhou, China) are included in the 
present study. The inclusion criteria are as follows: (I) 
pathologically diagnosed with CRLM; (II) underwent 
colorectal primary tumor resection as well as synchronous 
or heterochronous liver metastasis resection with a curative 
intent; (III) have adequate specimens of both the primary 
tumor and liver metastasis for immunohistochemical 
staining; and (IV) have sufficient clinicopathological 
information for analysis. The exclusion criteria include the 
following: (I) presence of metastasis outside the liver and (II) 
previous liver resection history. The study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013) of the World Medical Association. The study was 
approved by the institutional ethical review board of Sun 
Yat-sen University Cancer Center (Registration number: 
GZR2019-128) and individual consent for this retrospective 
analysis was waived.

Decisions on the preoperative chemotherapy protocol 
and administration before liver resection in the present 
study were made by the physicians of Sun Yat-sen University 
Cancer Center. In the current study, patients with 
CRLM received preoperative oxaliplatin- or irinotecan-
based chemotherapy protocols, which included XELOX 
[capecitabine (Roche, Basel, Switzerland) at 1,000 mg/m2 on 
D1–D14 and oxaliplatin (Sanofi, Paris, France) 130 mg/m2  
intravenous drip (i.v. drip) D1, q3w], FOLFOX [5-FU 
(Xudong Haipu, Shanghai, China) 2.4 mg/m2 continuous 
intravenous drip (civ) 46 h, 5-FU (Xudong Haipu, 
Shanghai, China) 0.4 mg/m2 intravenous injection (i.v.), 
leucovorin (Wyeth, Madison, NJ, USA) 200 mg/m2 i.v. drip 
and oxaliplatin (Sanofi, Paris, France) 85 mg/m2 i.v. drip 
q2w], FOLFIRI [5-FU (Xudong Haipu, Shanghai, China) 
2.4 mg/m2 civ 46 h, 5-FU (Xudong Haipu, Shanghai, 
China) 0.4 mg/m2 i.v., leucovorin (Wyeth, Madison, NJ, 
USA) 200 mg/m2 i.v. drip and irinotecan (Pfizer, New 
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York, USA) 180 mg/m2 i.v. drip, q2w] and FOLFIRINOX  
[5-FU (Xudong Haipu, Shanghai, China) 2.4 mg/m2 civ  
46 h, leucovorin (Wyeth, Madison, NJ, USA) 200 mg/m2 i.v. 
drip, oxaliplatin (Sanofi, Paris, France) 85 mg/m2 i.v. drip, 
and irinotecan (Pfizer, New York, USA) 180 mg/m2 i.v. drip, 
q2w]. Molecular-targeted agents, including bevacizumab 
(Avastin®, Roche, Basel, Switzerland) or cetuximab 
(Erbitux®, Merck, Darmstadt, German), were also used in 
combination with the chemotherapy protocols mentioned 
above. Bevacizumab was administered at the dosage of  
5 mg/kg i.v. drip every 2 weeks or 7.5 mg/kg i.v. drip every 
3 weeks and was suspended for 6 weeks before and after 
surgery. Cetuximab was administered at the dosage of  
500 mg/m2 i.v. drip every 2 weeks and was only administered 
in patients with both RAS and BRAF wild type.

Follow-up and data collection

We performed follow-ups by searching hospital records and 
making phone contact with the patients or their relatives 
who are aware of their disease status until October 2017. 
The routine clinical follow-up was performed by computed 
tomography or magnetic resonance imaging (MRI) scanning 
and carcinoembryonic antigen (CEA) and carbohydrate 
antigen 19-9 (CA19-9) detection every 3 months at Sun Yat-
sen University Cancer Center or the patients’ local hospital. 
The results were collected from hospital records or by 
phone contact and patients who were lost from the follow-
up will be excluded from the study. The clinicopathological 
information of patients in the current study, including age, 
gender, height, weight, tumor location, histological subtype, 
tumor grade and T and N stage of the primary tumor, 
was collected from hospital records and was recorded for 
further analysis. Tumor grade and T and N stage of the 
primary tumor were classified according to the Union for 
International Cancer Control (UICC) staging system (7th 
edition). Relapse-free survival (RFS) and overall survival 
(OS) were calculated from follow-up. Notably, in this study, 
RFS is defined as the interval from the date of hepatectomy 
to the date of relapse or metastasis was firstly found by 
radiographic imaging at any sites or death attributed to any 
cause other than relapse, and OS is defined as the interval 
from the date of liver metastasis resection to the date of 
death attributed to any cause.

Immunohistochemical techniques and image capture

Paraffin-embedded surgical specimens of both the 

primary tumor and corresponding liver metastasis of the 
same patients were collected after surgical resection. In 
patients with multiple liver lesions, a random metastatic 
specimen was selected to represent the immune status of 
all metastases. All of the specimens were sectioned and 
stained with immunohistochemical techniques that labeled 
the CD3+ and CD8+ T cells with specific antibodies: a 
rabbit anti-CD3 monoclonal antibody (ZSGS-BIO; Beijing, 
China; catalogue number: ZM-0417; dilution: commercial 
working solution) and a rabbit anti-CD8 monoclonal 
antibody (ZSGS-BIO; catalog number: ZA-0508; dilution: 
commercial working solution). After incubation with 
primary antibodies at 4 ℃ overnight, the slides were 
treated with a detection reagent mixture that included 
the corresponding secondary antibody, a streptavidin-
horseradish peroxidase complex and diaminobenzidine 
tetrahydrochloride (DAB) (Dako, Santa Clara, CA, USA; 
catalog number: K5007) and were incubated in the dark at 
37 ℃ for 30 minutes. Images of each slide were captured 
by a Nikon Eclipse 80i microscope (Nikon Corporation, 
Tokyo, Japan) at 20× magnification.

Immune score evaluation

The immune score evaluation was conducted according 
to Galon J, the establisher of the immune score system 
(10,11). We used ImageJ, a public domain image analysis 
program designed by the NIH (National Institute of 
Health, Bethesda, MD, USA) to assess the densities of 
positive lymphocytes in the CT area and IM area (15). The 
CT area is defined as the central area of tumor and the 
IM area was defined as the area within 0.5 mm from the 
tumor boundary (a representative image delineating the CT 
and IM area is shown in Figure S1). The outline of CT or 
IM was delineated by polygon selection and the area was 
calculated automatically (14). Two independent pathologists 
who were blinded to the clinical information gave assistance 
to determine the boundaries of CT and IM. DAB color 
deconvolution was conducted on the image to acquire the 
brown layer and Threshold Adjust command was carried 
out to highlight the positive cells. The count and density of 
positive cells were then calculated automatically by ImageJ. 
The immune scores were evaluated based on the densities 
of CD3+ and CD8+ T cells in the CT or IM of colorectal 
primary tumors or liver metastatic lesions by using the 
median densities as a cut-off to define the high or low value 
of each index (CD3+ in the CT, CD3+ in the IM, CD8+ in 
the CT and CD8+ in the IM) (14). A high value of each 
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index was scored as 1, while a low value was scored as 0, and 
the scores of the 4 indexes were added to calculate the final 
immune score, which ranged from 0 to 4 (10,11). Immune 
scores of primary tumors (immune score PT) and liver 
metastases (immune score LM) were then calculated and an 
immune score of 3 to 4 was defined as a high immune score, 
while a score of 0 to 2 was defined as a low immune score.

Eligible GEO datasets acquisition and microarray data 
processing

A comprehensive search of the GEO (https://www.ncbi.nlm.
nih.gov/geo/) database was conducted to identify datasets 
that had data on the following criteria: (I) gene expression 
profiles of stage IV CRC patients; (II) the primary tumor 
and liver metastatic lesions; and (III) gene expression 
profiles that were generated from an Affymetrix Human 
Genome U133 Plus 2.0 Array or a U133A Array (GPL570 
or GP96 platform). Microarray data from 4 datasets, 
GSE28702, GSE40367, GSE41258, and GSE49355, were 
used in this study. Raw microarray data (.CEL files) were 
downloaded and normalized using a robust multiarray averaging 
method with the “affy” and “simpleaffy” packages (16). The 
Combat function of the “sva” package was used to remove 
batch effects (flowchart of data acquisition and sample 
selection included in the analysis was showed on Figure S2).

Statistical analysis

Kaplan-Meier curve with log-rank test was used to 
analyze the predictive value and statistical significance 
of the immune score PT in predicting RFS and OS after 
hepatectomy. Subgroup analyses were also carried out 
by using Kaplan-Meier curve with a log-rank test to 
compare postoperative survivals in patient with different 
immune score PT according to whether the patients (I) 
had synchronous or heterochronous liver metastasis, (II) 
received preoperative chemotherapy before the primary 
tumor resection or not, (III) had primary tumor located on 
right-sided or left-sided. Further, in patients underwent 
heterochronous resection of primary tumor and liver 
metastases, subgroup analyses were carried using the 
Kaplan-Meier curve with log-rank test according to whether 
pre-hepatectomy chemotherapy was administered or not 
during the interval between the primary tumor resection 
and hepatectomy. 

Univariate and multivariate Cox regression analyses 
were performed to screen for potential clinicopathological 

factors that were related to postoperative survival and to 
evaluate the prognosis-predictive value of the immune score 
PT and immune score LM using the hazard ratio (HR) 
and 95% confidence intervals (CIs). Further, univariate 
and multivariate Cox regression analyses were separately 
performed in patients who underwent heterochronous 
resection to find out whether the immune score PT has a 
predictive significance to this specific population.

To further investigate the correlation between immune 
score PT and immune score LM, the Pearson correlations 
as well as paired t-tests were applied to analyze the 
correlation and difference of CD8+ and CD3+ T cell 
densities between the primary tumor and liver metastasis. 
To examine the correlation between immune score PT 
and immune score LM, the Spearman correlation was 
performed. 

In the GEO datasets validation, the normalized 
gene expression data collected were uploaded to the 
CIBERSORT web portal (https://cibersort.stanford.
edu/) and the cell fractions of 22 hematopoietic cell 
were calculated by the deconvolution algorithm at 1,000 
permutations (17). P values deriving from the CIBERSORT 
deconvolution of each sample indicated the confidence of 
the results and only samples with a P<0.05 were included 
for the immune landscapes comparison between the 
primary tumors and liver metastases (18). A total of 20 
paired samples of CRC primary tumors and corresponding 
liver metastases were obtained from the GEO and paired 
t-test and Pearson correlation analyses were performed to 
analyze the difference and correlation between the immune 
cell proportions of the two sites.

All statistical analyses were carried out by the R software 
(version 3.6.0) and IBM SPSS software (version 22) using 
two-tailed tests. P values <0.05 were considered statistically 
significant.

Results

Patient characteristics

A total of 131 patients who were diagnosed with CRLM 
and underwent radical resection of the primary tumor as 
well as liver metastases were retrospectively analyzed in 
this study. Among them, 53 (40.5%) received preoperative 
chemotherapy, comprising of 15 (11.5%) who received the 
FOLFOX regimen, 25 (19.1%) who received the XELOX 
regimen, 5 (3.8%) who received the FOLFOXIRI regimen, 
4 (3.1%) who received the FOLFIRI regimen, 2 (1.5%) who 
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received bevacizumab in combination with chemotherapy 
(1 in combination with the XELOX regimen and 1 with the 
FOLFOX regimen) and 2 (1.5%) who received cetuximab 
in combination with chemotherapy (1 in combination 
with the FOLFOXIRI regimen and 1 with the FOLFOX 
regimen).

Of the 131 patients analyzed, 80 (61.1%) were classified 
as having a low immune score PT, while 51 (38.9%) were 
classified as having a high immune score PT. The baseline 
characteristics of the patients with low and high immune 
score PT are shown in Table 1. Notably, patients with 
high immune score PT received a higher proportion of 
preoperative chemotherapy than the low immune score PT 
(60.8% vs. 27.5%, P<0.001). In the present study, 75 (57.3%) 
patients were classified as having a low immune score LM, 
and 56 (42.7%) as having a high immune score LM (median 
densities of the 4 indexes in primary tumor and liver 
metastases were used as a cut-off and are shown in Table S1).  
Furthermore, patients were classified into subgroups 
according to the presence of synchronous metastases, 
preoperative chemotherapy status, primary tumor location 
and resection status and the median densities of the 4 
indexes in primary tumor of each subgroup were shown in 
Table S2.

Immune score PT is not correlated to survival in CRLM 
patients after liver resection

Of the 131 CRLM patients included in the present study, 
74 (56.49%) experienced relapses after radical resection of 
liver metastases and 43 (32.82%) died during the follow-
up period (until October 2017). We analyzed the RFS and 
OS after liver resection according the previous definition of 
a high immune score PT (3 to 4) and a low immune score 
PT (0 to 2). The RFS is not significantly different between 
patients with a high immune score PT and a low immune 
score PT [median RFS (95% CI): 19.13 (10.07–28.20) vs. 
27.13 (15.97–38.29) months, P=0.604]. Similarly, the OS of 
patients with a high immune score PT is not significantly 
better than that of those with a low immune score PT 
[median OS (95% CI): 64.37 (35.96–92.78) vs. 40.07 
(32.54–47.59) months, P=0.652] (Figure 1A,B).

Subgroup analyses were carried out according to (I) the 
presence of synchronous liver metastases, (II) preoperative 
chemotherapy status before the primary tumor resection, 
(III) primary tumor location, and (IV) resection status. 
A total of 114 (87.0%) patients had synchronous liver 
metastases. Patients with low immune score PT have no 

significant difference in OS or RFS when compared to 
patients with high immune score PT, regardless of their 
lesions being synchronous or heterochronous metastases. 
Patients with different preoperative chemotherapy statuses 
were also analyzed. Of the 53 (40.5%) CRLM patients 
who received preoperative chemotherapy before primary 
tumor resection, the low immune score PT patients show 
a tendency to have a worse OS and RFS but this difference 
is not statistically significant. Meanwhile, of the 78 (59.5%) 
patients who did not receive preoperative chemotherapy, 
those with low immune score PT show no significant 
difference in RFS or OS in comparison with those of 
high immune score. Similarly, the low immune score 
patients show no significant difference in RFS or OS when 
compared with high immune score patients, regardless of 
their primary tumor being right- or left-sided. Notably, in 
subgroup analyses classifying patients according to resection 
status and found that no significant difference in OS or 
RFS is observed between the low and high immune score 
patients, regardless of the resections of primary tumor and 
liver metastasis are synchronous or heterochronous.

Subgroup analyses were further carried out separately 
in patients who received heterochronous resection with 
different pre-hepatectomy chemotherapy status. In patients 
who had no pre-hepatectomy chemotherapy during the 
interval between primary tumor resection and hepatectomy, 
low immune score PT is found to be associated with both 
shorter OS and RFS without any statistical significance 
observed. In patients who received pre-hepatectomy 
chemotherapy, low immune score PT is related to shorter 
OS and RFS without statistical significance either. RFS and 
OS of subgroup analysis mentioned above are shown in 
Table 2.

The classification according to immune score for liver 
metastasis revealed that patients with high immune score 
LM present with prolonged RFS and OS when compared to 
patients with low immune score LM, and the OS difference 
is statistically significant [median RFS (95% CI): 30.50 
(13.72–42.78) vs. 12.70 (2.71–22.96) months, P=0.054; 
median OS (95% CI): 79.20 (40.83–117.58) vs. 37.57 
(26.93–48.21) months, P=0.003] (Figure 1C,D).

Univariate and multivariate analyses of prognostic factors

Univariate analysis revealed that patients with a high 
immune score LM is estimated to have a 59.5% lower risk 
of death compare to patients with a low immune score LM 
(HR: 0.405, 95% CI: 0.222–0.737, P=0.003) and remain 
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Table 1 Clinicopathological characteristics of patients with colorectal cancer liver metastases according to immune score PT

Characteristics Low immune score PT, n (%) High immune score PT, n (%) P value

Age

Median (range, years) 54.50 (44.25–62.00) 53.00 (44.00–64.00) –

≤65 years 67 (83.8) 40 (78.4) 0.443

>65 years 13 (16.3) 11 (21.6)

Gender

Male 50 (62.5) 37 (72.5) 0.235

Female 30 (37.5) 14 (27.5)

BMI

Median (range, kg/m2) 22.76 (20.03–24.44) 22.67 (20.79–25.39) –

<24 kg/m2 51 (63.8) 33 (64.7) 0.911

≥24 kg/m2 29 (36.3) 18 (35.3)

Primary tumor location

Right-sided 19 (23.8) 11 (21.6) 0.772

Left-sided 61 (76.3) 40 (78.4)

Histological subtype

Non-mucinous 75 (93.8) 50 (98.0) 0.404b

Mucinous 5 (6.3) 1 (2.0)

Primary tumor gradea

G1–2 23 (28.8) 11 (21.6) 0.361

G3 57 (71.3) 40 (78.4)

T-stagea

pT1–3 47 (58.8) 25 (49.0) 0.275

pT4 33 (41.3) 26 (51.0)

N-stagea

pN0 28 (35.0) 23 (45.1) 0.248

pN1–2 52 (65.0) 28 (54.9)

Synchronous liver metastasis

Present 69 (86.3) 45 (88.2) 0.742

Absent 11 (13.8) 6 (11.8)

Preoperative chemotherapy

Yes 22 (27.5) 31 (60.8) <0.001c

No 58 (72.5) 20 (39.2)
c, according to Union for International Cancer Control (UICC) staging system (7th edition); d, Fisher’s exact test; e, difference with a P value 
<0.05 was considered statistically significant and showed in bold. PT, primary tumor; BMI, body mass index.
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Figure 1 Survival curves of RFS (A,C) and OS (B,D) in patients with high and low immune score PT values (A,B) and LM values (C,D). 
RFS, relapse-free survival; OS, overall survival; PT, primary tumor; LM, liver metastases.  

statistically significant after adjusting for clinicopathological 
factors including age, gender, body mass index (BMI), grade, 
primary tumor location, T and N stage of primary tumor, 
synchronous or heterochronous metastasis, synchronous or 
heterochronous resection and preoperative chemotherapy 
status in multivariate Cox regression analyses (HR: 0.507, 
95% CI: 0.261–0.983, P=0.044). High immune score 
LM also confers a 38.3% lower risk of relapse compared 
to low immune score LM in univariate analysis. High 
immune score PT is estimated to confer a better OS and 
RFS in multivariate analysis but neither reached statistical 
significance. Other clinicopathological factors indicating 
worse postoperative survival in multivariate analysis include G3 
primary tumor grade, preoperative chemotherapy in OS and 
heterochronous resection in RFS (predictive factors for RFS in 
all patients are shown in Table 3 and predictive factors for OS 
are shown in Table 4). The regression coefficients in multivariate 
Cox regression of Tables 3,4 are shown in Table S3.

Multivariate analyses performed separately in patients 
who underwent heterochronous resection reveal that high 
immune score LM predicts 57.1% lower risk of relapse 
and 66.0% lower risk of death when compared with low 
immune score LM (RFS: HR: 0.429, 95% CI: 0.208–0.882, 
P=0.021; OS: HR: 0.340, 95% CI: 0.130–0.889, P=0.028), 
but high immune score PT confers no significant benefit 
in RFS or OS. Other clinicopathological factors indicating 
worse postoperative survival in multivariate analysis include 
preoperative chemotherapy before hepatectomy in RFS 

and BMI ≥24 kg/m2, G3 primary tumor grade, preoperative 
chemotherapy before primary tumor resection or metastasis 
resection in OS (predictive factors for RFS in patients 
underwent heterochronous resection are shown in Table 5 
and predictive factors for OS are shown in Table 6).

Correlation between immune score PT and immune score 
LM

Four immune score indexes (CD3+ cells in the CT, CD3+ 
cells in the IM, CD8+ cells in the CT, and CD8+ cells in the 
IM) were compared between both the primary tumor and 
metastatic liver specimens, and Pearson correlation analyses 
were performed (a representative image of the 4 indexes is 
shown in Figure 2). The CD3+ and CD8+ T cell densities 
in the primary tumor specimens are higher than those in 
the metastatic liver specimens in both the CT and IM areas 
(Figure 3). Pearson correlation analysis shows no significant 
association between the densities of CD8+ T cells in the 
primary tumor and liver metastasis (CT: r2 <0.001, P=0.971; 
IM: r2 =0.016, P=0.152; Figure 4A,B) in both the CT and 
IM areas. Similarly, significant correlations are not observed 
in the CD3+ T cell densities between the primary tumor and 
metastatic liver specimens in either the CT or IM areas (CT: 
r2 <0.001, P=0.809; IM: r2 =0.004, P=0.483; Figure 4C,D). 
Furthermore, Spearman analysis also finds no significant 
correlation between immune score PT and immune score 
LM (r2 <0.001, P=1.000). 

A B

C D

P=0.604 P=0.652

P=0.003P=0.054

https://cdn.amegroups.cn/static/public/ATM-20-4932-supplementary.pdf
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Table 2 Relapse-free survivals and overall survivals in subgroup analysis according to clinicopathological factors

Characteristics
Relapse-free survivals (95% CI) Overall survivals (95% CI)

Low immune score PT High immune score PT P value Low immune score PT High immune score PT P value

Synchronous metastases

Present 26.90 (14.16–39.64) 19.13 (10.58–27.69) 0.551 43.10 (32.08–54.12) 64.37 (30.75–97.98) 0.576

Absent 30.57 (9.63–51.51) 8.67 (7.16–10.17) 0.769 38.30 (36.18–40.42) 35.37 (18.48–52.26) 0.491

Preoperative chemotherapy

Yes 12.43 (0.88–23.99) 19.07 (4.59–33.54) 0.847 28.67 (25.34–32.00) 64.37 (not reached) 0.354

No 30.50 (21.10–39.90) 19.23 (5.51–32.95) 0.862 47.20 (24.82–69.58) 65.40 (9.43–121.37) 0.642

Primary tumor location

Right-sided 37.5 (22.40–52.60) 19.07 (8.75–29.39) 0.360 47.20 (13.92–80.48) Not reached 0.971

Left-sided 21.03 (5.42–36.65) 19.23 (6.40–32.07) 0.926 37.57 (29.55–45.59) 64.37 (16.41–112.32) 0.450

Resection status

Synchronous 36.87 (21.52–52.21) 19.23 (12.86–25.61) 0.594 47.20 (Not reached) 65.4 (not reached) 0.712

Heterochronous 12.43 (2.05–22.86) 13.13 (0.00–26.84) 0.811 36.13 (27.21–45.05) 64.37(not reached) 0.487

Chemotherapy before synchronous resection

Yes 37.50 (not reached) 19.13 (1.40–36.87) 0.970 23.83 (2.47–45.20) Not reached 0.588

No 36.87 (not reached) 21.23 (not reached) 0.700 Not reached Not reached 0.837

Chemotherapy before hepatectomy in heterochronous resection

Yes 8.67 (6.83–10.51) 9.37 (4.14–14.60) 0.851 30.50 (23.78–37.22) Not reached 0.360

No 30.57 (10.82–50.31) Not reached 0.580 38.30 (19.49–57.11) 64.37 (not reached) 0.850

CI, confidence interval; PT, primary tumor. 

GEO dataset validation

The landscape of 22 subpopulations of immune cells 
infiltrating the primary tumor and liver metastasis was 
obtained from 117 stage IV CRC primary tumors and 58 
liver metastases and was summarized by the CIBERSORT 
algorithm (Figure 5A,B). Notably, liver metastases are 
infiltrated by a higher proportion of memory B cells, 
activated NK cells, M2 macrophages and neutrophils in 
comparison to primary tumors, whereas the proportion 
of naïve B cells, plasma cells, and activated dendritic cells 
is relatively lower. However, no significant difference is 
observed in the proportion of total T cells (CD3+ T cells) or 
CD8+ T cells (Figure 5C,D). 

Of the 20 paired samples of CRC primary tumors 
and corresponding liver metastases obtained from the 
GEO, paired t-test and Pearson correlation analyses were 
performed. Our findings show no significant difference 

or correlation between the proportion of CD8+ T cells or 
total T cells (CD3+ T cells) in the primary tumor and liver 
metastatic lesions (CD3+ T cells: r2 =0.165, P=0.076; CD8+ 
T cells: r2 =0.030, P=0.468, shown in Figure 5E,F,G,H).

Discussion

In the present study, our findings reveal that the immune 
score of primary tumor is not related to neither OS nor 
RFS after hepatectomy in Chinese patients with CRLM, 
regardless of metastasis being synchronous or heterochronous, 
preoperative chemotherapy status or primary tumor location. 
Immune score PT also shows no significant association 
with post-hepatectomy survivals in patients who underwent 
heterochronous resection with different pre-hepatectomy 
chemotherapy status. However, consistent with both 
our reports and that of Mlecnik B, the present results of 
multivariate Cox regression analysis suggest that patients with 
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Table 3 Predictive factors for relapse-free survival by univariate and multivariate analysis in all patients

Characteristics
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age

>65 vs. ≤65 years 0.650 (0.343–1.232) 0.186 0.780 (0.398–1.528) 0.469

Gender

Male vs. female 0.926 (0.585–1.466) 0.742 0.796 (0.488–1.299) 0.362

BMI

≥24 vs. <24 kg/m2 1.378 (0.866–2.192) 0.176 1.438 (0.867–2.387) 0.159

Primary tumor gradea

G3 vs. G1–2 1.136 (0.680–1.900) 0.626 1.149 (0.672–1.965) 0.612

Primary tumor location

Right-sided vs. left-sided 1.378 (0.783–2.425) 0.266 1.153 (0.627–2.119) 0.647

T-stagea

pT4 vs. pT1–3 1.466 (0.936–2.295) 0.094 1.441 (0.878–2.364) 0.148

N-stagea

pN1–2 vs. pN0 1.749 (1.073–2.850) 0.025b 1.452 (0.867–2.434) 0.157

Synchronous metastases

Present vs. absent 0.930 (0.500–1.731) 0.820 0.577 (0.281–1.186) 0.135

Resection status

Heterochronous vs. synchronous 1.803 (1.144–2.840) 0.011b 1.850 (1.081–3.165) 0.025b

Preoperative chemotherapy before primary tumor resection

Yes vs. no 1.525 (0.965–2.410) 0.071 1.528 (0.902–2.587) 0.115

Immune score LM

High vs. low 0.617 (0.385–0.989) 0.045b 0.677 (0.409–1.120) 0.129

Immune score PT

High vs. low 1.115 (0.707–1.759) 0.640 0.986 (0.577–1.684) 0.958
a, according to Union for International Cancer Control (UICC) staging system (7th edition); b, P value <0.05 was defined as statistically 
significant. BMI, body mass index; LM, liver metastases; PT, primary tumor. 

higher immune score LM can predict the prognosis of CRLM 
patients who underwent hepatectomy, implying the immune 
heterogeneity between primary and liver metastatic sites. 

Difference and correlation of immune infiltration 
between the primary tumor and metastatic lesions have 
been studied and discussed in the past decade, but the 
results are still controversial. A retrospective study involving 
24 metastatic CRC (mCRC) patients with lung and liver 
metastases reported that infiltrating CD4+, CD8+ and FOXP3+ 
T cell densities in primary CRC were significantly associated 

with those in lung and liver metastasis lesions (19). Similarly, 
small sample research of breast cancer also reported the 
resemblance of types of tumor-infiltrating lymphocytes 
(TILs) in any metastasis and corresponding primary 
tumors (20). However, a retrospective study focusing on 
mCRC with liver-exclusive metastasis found that there 
was a significantly heterogeneous distribution of CD3+, 
CD8+, and granzyme B+ lymphocytes between the primary 
tumor and liver metastasis but no evident correlation was 
observed (21). Recently, a large sample retrospective study 
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Table 4 Predictive factors for overall survival by univariate and multivariate analysis in all patients

Characteristics
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age

>65 vs. ≤65 years 1.154 (0.573–2.324) 0.688 1.440 (0.656–3.159) 0.363

Gender

Male vs. female 0.990 (0.552–1.775) 0.974 0.810 (0.441–1.487) 0.496

BMI

≥24 vs. <24 kg/m2 1.809 (1.002–3.266) 0.049b 1.694 (0.876–3.276) 0.117

Primary tumor gradea

G3 vs. G1–2 2.301 (1.235–4.286) 0.009b 2.419 (1.249–4.683) 0.009b

Primary tumor location

Right-sided vs. left-sided 1.412 (0.660–3.024) 0.374 1.113 (0.466–2.658) 0.810

T-stagea

pT4 vs. pT1–3 1.301 (0.735–2.302) 0.367 1.564 (0.807–3.035) 0.185

N-stagea

pN1–2 vs. pN0 1.695 (0.913–3.145) 0.095 1.087 (0.545–2.169) 0.812

Synchronous metastases

Present vs. absent 1.388 (0.704–2.736) 0.343 0.738 (0.321–1.697) 0.475

Resection status

Heterochronous vs. synchronous 1.687 (0.931–3.057) 0.085 1.961 (0.939–4.094) 0.073

Preoperative chemotherapy before primary tumor resection

Yes vs. no 1.577 (0.871–2.854) 0.133 2.146 (1.047–4.399) 0.037b

Immune score LM

High vs. low 0.405 (0.222–0.737) 0.003b 0.507 (0.261–0.983) 0.044b

Immune score PT

High vs. low 0.802 (0.443–1.452) 0.465 0.636 (0.314–1.288) 0.209
a, according to Union for International Cancer Control (UICC) staging system (7th edition); b, P value <0.05 was defined as statistically 
significant. BMI, body mass index; LM, liver metastases; PT, primary tumor. 

comparing the immune infiltration of CD3+, CD8+, CD20+, 
CD45RO+ and FoxP3+ lymphocytes between primary 
tumors and metastases based on European population also 
reported that primary and corresponding metastatic lesion 
have a heterogeneous immune environment (22). In the 
present study, we involved CRLM patients who underwent 
liver resection, to make comparison between the immune 
infiltration of primary tumor and corresponding liver 
metastasis by evaluating CD3+ (representing total infiltrating 
T lymphocytes) and CD8+ (representing cytotoxic T 

lymphocytes) T cells densities, by which the immune score 
was calculated. Our observation supports that immune 
infiltration between primary tumor and corresponding 
liver-exclusive metastasis is highly heterogeneous in 
Chinese population and is further supported by validation 
using the GEO datasets. The densities of CD3+ and CD8+ 
lymphocytes in primary tumor are significantly higher than 
those in liver metastases but no correlation is observed 
in between. Although the immune infiltrates in liver 
metastases predict post-hepatectomy survivals, the immune 
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Table 5 Predictive factors for relapse-free survival by univariate and multivariate analysis in patients underwent heterochronous resection

Characteristics
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age

>65 vs. ≤65 years 0.316 (0.096–1.041) 0.058 0.478 (0.116–1.964) 0.306

Gender

Male vs. female 0.763 (0.413–1.408) 0.387 0.591 (0.272–1.287) 0.185

BMI

≥24 vs. <24 kg/m2 1.257 (0.689–2.294) 0.455 1.982 (0.967–4.063) 0.062

Primary tumor gradea

G3 vs. G1–2 1.390 (0.682–2.832) 0.365 1.692 (0.669–4.281) 0.267

Primary tumor location

Right-sided vs. left-sided 1.045 (0.371–2.941) 0.934 1.351 (0.452–4.035) 0.590

T-stagea

pT4 vs. pT1–3 1.430 (0.777–2.631) 0.250 1.299 (0.609–2.770) 0.498

N-stagea

pN1–2 vs. pN0 1.164 (0.621–2.182) 0.635 0.831 (0.390–1.770) 0.632

Preoperative chemotherapy before primary tumor resection

Yes vs. no 1.227 (0.668–2.257) 0.510 1.380 (0.564–3.377) 0.481

Preoperative chemotherapy before liver resection

Yes vs. no 3.074 (1.442–6.555) 0.004b 3.479 (1.421–8.518) 0.006b

Immune score LM

High vs. low 0.577 (0.308–1.081) 0.086 0.429 (0.208–0.882) 0.021b

Immune score PT

High vs. low 1.076 (0.590–1.964) 0.811 1.536 (0.618–3.819) 0.355
a, according to Union for International Cancer Control (UICC) staging system (7th edition); b, P value <0.05 was defined as statistically 
significant. BMI, body mass index; LM, liver metastases; PT, primary tumor. 

infiltration in primary tumor show no association with 
prognosis of hepatectomy. Controversies of the results of 
previous reports may be caused by the difference in sample 
size and study design. Studies that reported metastatic 
lesion shared a similar immune infiltration with primary 
tumors involved a relatively small population of patients 
and analyzed metastasis at all sites. However, large sample 
retrospective studies involving liver-exclusive or liver-
dominated metastasis reported that the immune infiltration 
was highly heterogeneous between primary tumor and liver 
metastasis.

The mechanisms underlying the different immune 
infiltration between the primary tumor and liver metastases 

remain unclear (23). One hypothesis suggested that 
chemotherapy may change the immune microenvironment 
and lead to the difference between primary tumor and 
metastases, since the cytotoxic effect of preoperative 
chemotherapy can cause the death of tumor cells and release 
antigen, resulting in enhanced immune infiltration (22).  
Our present study shows that patients with high immune 
score PT have a higher proportion of receiving preoperative 
chemotherapy than patients with low immune score PT, 
indicating that chemotherapy may alter the immune 
infiltration. Other previous studies have reported that 
in patients who underwent heterochronous resection 
and received pre-hepatectomy chemotherapy during the 
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Table 6 Predictive factors for overall survival by univariate and multivariate analysis in patients underwent heterochronous resection

Characteristics
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age

>65 vs. ≤65 years 0.357 (0.083–1.536) 0.166 1.121 (0.200–6.285) 0.896

Gender

Male vs. female 0.738 (0.345–1.580) 0.435 0.808 (0.309–2.116) 0.664

BMI

≥24 vs. <24 kg/m2 1.655 (0.782–3.502) 0.188 2.656 (1.066–6.618) 0.036b

Primary tumor gradea

G3 vs. G1–2 2.321 (1.010–5.332) 0.047b 5.400 (1.675–17.414) 0.005b

Primary tumor location

Right-sided vs. left-sided 1.388 (0.324–5.940) 0.658 1.614 (0.359–7.255) 0.532

T-stagea

pT4 vs. pT1–3 1.304 (0.612–2.777) 0.491 1.440 (0.537–3.862) 0.468

N-stagea

pN1–2 vs. pN0 1.273 (0.588–2.755) 0.540 0.553 (0.195–1.567) 0.265

Preoperative chemotherapy before liver resection 

Yes vs. no 1.289 (0.614–2.703) 0.502 4.167 (1.362–12.743) 0.012b

Preoperative chemotherapy before liver resection

Yes vs. no 1.646 (0.717–3.779) 0.240 3.280 (1.088–9.886) 0.035b

Immune score LM

High vs. low 0.438 (0.200–0.959) 0.039b 0.340 (0.130–0.889) 0.028b

Immune score PT

High vs. low 0.766 (0.360–1.628) 0.488 0.502 (0.157–1.600) 0.244
a, according to Union for International Cancer Control (UICC) staging system (7th edition); b, P value <0.05 was defined as statistically 
significant. BMI, body mass index; LM, liver metastases; PT, primary tumor. 

interval between primary tumor resection and hepatectomy, 
liver metastases may have immune landscapes different 
from primary tumor (13,22). However, our results also 
show that immune score PT fails to predict postoperative 
survival and do not correlate to immune score LM in 
patients who received synchronous resection, nor in 
patients who received heterochronous resection without 
pre-hepatectomy chemotherapy during the interval 
between primary tumor resection and hepatectomy. A 
possible hypothesis may be that metastatic tumor cells were 
originate from different malignant clones derived from 
the primary tumor and are characterized by significantly 
different genetic and epigenetic alterations compared to 

the primary tumor during the metastatic process, causing 
the heterogenous immune landscapes observed between the 
primary tumor and liver metastases (24-27). Our analysis 
of the GEO datasets also suggests that immune infiltration 
for liver metastasis tend to have a lower proportion of 
antigen presenting cells and higher proportion of M2 pro-
tumor phenotype macrophages, implying that immune 
suppression in liver metastasis may be more obvious than 
in primary tumor. Notably, this significant heterogeneity 
was observed in liver-exclusive or -dominated metastasis, 
implying that the distinct interactions between the 
hepatic microenvironment and metastatic tumor cells may 
contribute to this phenomenon (28,29).
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Figure 2 Representative pictures of low and high densities of CD3+ and CD8+ T cells infiltrated in core tumor (CT) and invasive margin (IM). 
The two columns on the left were images captured from colorectal primary tumor and the two columns on the right were images captured 
from liver metastases (right) (IHC stain, scale bar =100 μm). CT, core tumor; IM, invasive margin.

Multivariate Cox regression analyses showed that in 
addition to low immune score LM, other clinicopathological 
factors including G3 primary tumor grade and receiving 
preoperative chemotherapy are related to worse postoperative 
OS. However, patients who received preoperative 
chemotherapy are more likely to present with unfavorable 
clinicopathological factors, such as higher CRS scores which 
may contribute to the high risk of recurrence and short 
postoperative survival.

Several limitations of the current study need to be 
mentioned. Firstly, this study was designed retrospectively 
and only involved samples from a single institution which 
may have caused selection bias and impair the stringency of 
the findings. Secondly, the present study focused on only 
two immune indexes (CD3 and CD8). To further evaluate 
the predictive value of primary tumor immune status, a 

comprehensive analysis of the overall immune status between 
primary and liver metastatic lesions are needed. In addition, 
the underlying mechanisms causing the discordance between 
the immune score of the primary tumor and that of liver 
metastases were not elucidated in this study.

However, to our knowledge, the present study is the first 
to evaluate the value of the primary tumor immune score 
in predicting the survival of CRLM after hepatectomy in 
Chinese patients. Primary tumor immune score fails to 
predict prognosis after hepatectomy and no significant 
correlation is observed between the immune status of 
primary tumor and liver metastasis. Future studies are 
required to make a comparison between immune status of 
primary and metastatic lesion and fundamental research is 
needed to thoroughly elucidate the mechanism of different 
lymphocytes infiltration formation.
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Figure 4 Correlation of lymphocyte densities between the colorectal primary tumor and liver metastases. (A,B) Correlation of CD8+ T cells 
in the CT and IM between colorectal primary tumors and liver metastases. (C,D) Correlation of CD8+ T cells in the CT and IM between 
colorectal primary tumors and liver metastases. CT, core tumor; IM, invasive margin.

Figure 3 Densities of CD8+ and CD3+ T cells in CT and IM areas of primary tumors and corresponding liver metastases. Dark grey spots 
stand for T cells densities and the T cells densities of primary tumors and corresponding liver metastases are connected by light grey lines. 
(A) Densities of CD8+ T cells in the CT area, P=0.043. (B) Densities of CD8+ T cells in the IM area, P<0.001. (C) Densities of CD3+ T cells 
in the CT area, P=0.004. (D) Densities of CD3+ T cells in the IM area, P<0.001. *, P<0.05; **, P<0.01; ***, P<0.001; ****, P<0.0001. CT, core 
tumor; IM, invasive margin. 
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Figure 5 The proportions and correlations of immune cells between colorectal primary tumors and metastases analyzed by GEO dataset. 
(A,B) Bar graphs of the proportions of 22 subpopulations of immune cells obtained from 117 stage IV CRC primary sites (A) and 58 CRLM 
metastatic sites (B). (C,D) Violin graph of the proportions of immune cells between primary tumors and metastatic sites: (C) violin graph 
of the proportions of immune cells except for T cells; (D) violin graph of the proportions of T lymphocytes. (E,F,G,H) Difference and 
correlation of CD3+ and CD8+ T cell proportions between primary tumors and liver metastases in data collected from GEO: (E,F) difference 
in CD3+ (E) and CD8+ (F) T cell proportions between primary tumors and liver metastases, the dark grey dots represent the proportion 
of CD3+ T cells and CD8+ T cells of each case in primary tumor and liver metastasis. The proportions of CD3+ T cells and CD8+ T cells 
infiltrated in primary tumor and corresponding liver metastasis were connected by light grey lines (CD3+: P=0.086, CD8+: P=0.282). (G,H) 
Correlation of CD3+ (G) and CD8+ (H) T cell proportions between primary tumors and liver metastases. CRC, colorectal cancer; CRLM, 
colorectal cancer liver metastases; GEO, Gene Expression Omnibus. 
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Conclusions

The present study reveals that primary tumor immune score 
is not sufficient in predicting post-hepatectomy survival in 
Chinese patients with CRLM. Different immune infiltration 
exists between primary tumor and liver metastases.
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