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Background: Liver metastasis is common in colorectal cancer patients. Inmunotherapy covers a wide
range of tumor types and is safer than traditional radiotherapy and chemotherapy. However, its overall
effective rate is only 20-40%. At present, there is a lack of relevant research clarifying whether the changes
and clinical significance of the immune microenvironment in colorectal cancer patients with liver metastasis
are conducive to enhancing the promotion and further improving the efficacy of immunotherapy.

Methods: We retrospectively collected the data of 50 colorectal cancer patients with liver metastasis treated
in Chonggqing University Cancer Hospital from January 2017 to January 2019. Liver metastatic cancer tissues
and normal liver tissues were collected to detect the levels of immune cells in the two samples. At the same
time, the correlation between T-cell subsets in the liver metastatic cancer tissue immune microenvironments
of colorectal cancer patients and prognosis was analyzed.

Results: Compared with the normal liver tissues, the level of T helper cell 1/T helper cell 2 (Th1/Th2) in
the liver metastatic cancer tissues was significantly decreased (0.88+0.24 vs. 1.34=0.27, P=0.000), while the
levels of regulatory T cells were markedly increased (8.57+2.31 vs. 6.89+1.71, P=0.000). The Th1/Th2 level
in liver metastatic cancer tissue exhibited a good predictive value for recurrence and survival 3 years after
surgery, and the areas under the curves were 0.783 (95% confidence interval: 0.649-0.916, P=0.002) and 0.763
(95% confidence interval: 0.628-0.898, P=0.001), respectively. Moreover, the regulatory T-cell level in liver
metastatic cancer tissue had a good predictive value for recurrence and survival at 3 years postoperatively,
and the areas under the curves were 0.788 (95% confidence interval: 0.656-0.919, P=0.002) and 0.763 (95%
confidence interval: 0.628-0.897, P=0.001), respectively.

Conclusions: The immunosuppressive condition of liver metastasis in colorectal cancer patients was

related to poor prognosis.
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Introduction

The liver is one of the most common metastatic sites of
advanced solid tumors (1-4). Hematological metastasis
is the main cause of liver metastasis in colorectal cancer.
Colorectal cancer contains very rich blood vessels. Most
colorectal cancer cell metastasize to the liver along the
portal vein after invading the small veins. Liver metastasis
often involves multiple and wide-ranging diseases that
cannot be treated surgically. In clinical practice, it is often
observed that the target lesion of an advanced solid tumor
can be controlled following systematic treatment, such as
chemotherapy and targeted therapy; however, the size and
number of liver metastatic tumors may still increase, resulting
in clinical problems. Immunotherapy covers a wide range
of tumor types and is safer than traditional radiotherapy
and chemotherapy. Yet, its overall effective rate is only
20-40% (5). The tumor microenvironment phenotype is
the key factor determining the effect of immunotherapy
and chemotherapy. And immunotherapy and chemotherapy
can also affect the tumor microenvironment phenotype (6).
Meanwhile, tumor proliferation and invasiveness depend
on the internal characteristics of tumor cells as well as
the microenvironment (7,8). Tumor microenvironments
at different anatomical locations are specific, regulate
tumor growth and progression, and affect the therapeutic
response. Therefore, it is crucial to explore the immune
microenvironment changes and its clinical significance in
the liver metastasis of colorectal cancer. Given the lack of
relevant research that is currently available, we designed the
present study. We present the following article in accordance
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with the STARD reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-22-1169/rc).

Methods
General information

We retrospectively collected the data of 50 colorectal
cancer patients with liver metastasis treated in Chongqing
University Cancer Hospital from January 2017 to January
2019. Liver metastatic cancer tissues and normal liver
tissues were also collected. The inclusion criteria were as
follows: (I) the primary lesion was pathologically diagnosed
as colorectal cancer accompanied by solitary resectable
liver nodules (diameter >1 cm), and the postoperative
pathological diagnosis was liver metastatic cancer from
colorectal cancer; (II) aged 18-80 years old; (III) no lung
metastasis, bone metastasis, brain metastasis, etc.; and
(IV) patients who received simultaneous resection of
colorectal cancer and liver metastasis from which we could
obtain tissue samples and complete clinical records. The
exclusion criteria were as follows: (I) recurrent colorectal
cancer; (II) primary liver cancer; (III) complicated with
other malignant tumors; (IV) patients with abnormal
portal vein and mesenteric artery and vein structure; (V)
those with hepatic insufficiency; (VI) patients who received
special treatments, such as radiotherapy, chemotherapy,
immunotherapy, and targeted therapy, preoperatively; and
(VII) patients with other major diseases. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). This study was approved by the Ethics
Committee of Chongqing University Cancer Hospital
(No. 20220174), and owing to its retrospective nature,
the requirement for written informed consent from the
participants was waived.

Detection methods

Intraoperatively, liver metastatic cancer tissue samples and
normal liver tissues (liver tissues more than 1 ¢cm from the
tumor edge) were taken to prepare the cell suspensions.
Lymphocytes in the tissues were separated by density
gradient centrifugation, washed with phosphate-buffered
solution (PBS), added with corresponding monoclonal
antibodies, and reacted at room temperature for 30 minutes.
The Epics XL flow cytometer (Beckman Coulter, USA) was
used to detect the level of T helper cell 1/T helper cell 2
(Th1/Th2) and regulatory T cells within 60 minutes.
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Table 1 Clinical and pathological data of colorectal cancer patients
with liver metastasis

Variable Number (n=50)
Age (years) (mean + SD) 54.62+8.12
Gender, n (%)

Male 29 (58.00)

Female 21 (42.00)
BMI (kg/m?) (mean + SD) 26.72+2.88
Diabetes, n (%)

Yes 6 (12.00)

No 44 (88.00)
Hypertension, n (%)

Yes 5 (10.00)

No 45 (90.00)
Location of primary lesion, n (%)

Colon cancer 28 (56.00)

Rectal cancer 22 (44.00)
Maximum diameter of primary lesion (cm) 4.36+1.22
(mean = SD)
T stage, n (%)

T3 30 (60.00)

T4 20 (40.00)
Lymph node metastasis, n (%)

Yes 41 (82.00)

No 9 (18.00)
Diameter of liver metastasis (cm) (mean + SD) 2.42+0.86
Pathological type, n (%)

Adenocarcinoma 45 (90.00)

Non-adenocarcinoma 5(10.00)
Degree of differentiation, n (%)

Moderately and poorly differentiated 35 (70.00)

Well differentiated 15 (30.00)
Recurrence 3 years after operation, n (%) 36 (72.00)
Death 3 years after operation, n (%) 26 (52.00)

SD, standard deviation; BMI, body mass index.
Observation indicators
(I) General data: age, gender, body mass index (BMI),

diabetes, and hypertension; (II) pathological characteristics:
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location of the primary lesion, maximum diameter of
the primary lesion, T stage, lymph node metastasis, liver
metastasis diameter, pathological type, and degree of
differentiation; (III) prognosis: the recurrence and mortality
rates at 3 years postoperatively were followed up through
outpatient visits and telephone interviews.

Statistical analysis

SPSS 26.0 (IBM, Chicago, USA) was used to complete the
data analysis in this study, and a two-tailed P value <0.05
was considered statistically significant. All measurement
data conformed to a normal distribution, and the paired
t-test was used to analyze the T-cell subset differences
between the liver metastatic cancer tissues and normal
liver tissues, which were expressed as the mean + standard
deviation (SD). The counting data were expressed as n (%).
A receiver operating characteristic (ROC) curve was used to
analyze the predictive value of T-cell subpopulations for the
survival and recurrence of colorectal cancer patients with
liver metastasis after surgery.

Results

Clinical and pathological data of colorectal cancer patients
with liver metastasis

A total of 50 patients were enrolled, including 29 males and
21 females, with an average age of 54.62+8.12 years old. The
average BMI of the included patients was 26.72+2.88 kg/m’.
Six patients were complicated with diabetes and five patients
were complicated with hypertension. Twenty-eight patients
were diagnosed with colon cancer and 22 patients were
diagnosed with rectal cancer. The average maximum diameter
of the primary lesions was 4.36+1.22 cm, of which 30 cases
were T3 stage and 20 cases were T4 stage. Moreover, there
were 41 cases of lymph node metastasis. The average diameter
of the liver metastases was 2.42+0.86 cm. There were 45 cases
of adenocarcinoma and five cases of non-adenocarcinoma,
including 35 cases with moderately and poorly differentiated
adenocarcinomas and 15 cases with well-differentiated
tumors. A total of 36 cases recurred 3 years after surgery,
and 26 patients had died at 3 years postoperatively (7able I).

Differences of T-cell subsets between liver metastatic cancer
tissues and normal liver tissues

Compared with the normal liver tissues, the Th1/Th2
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Variable n Th1/Th2 Regulatory T cells
Liver metastatic cancer tissue (mean + SD) 50 0.88+0.24 8.57+2.31
Normal liver tissue (mean + SD) 50 1.34+0.27 6.89+1.71

t value - 9.481 4.396

P value - 0.000 0.000

SD, standard deviation; Th1/Th2, T helper cell 1/T helper cell 2.
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Figure 1 Predictive value of the T helper cell 1/T helper cell 2

level in liver metastatic cancer tissues for the recurrence of patients

3 years after surgery.
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Figure 2 Predictive value of the T helper cell 1/T helper cell 2
level in liver metastatic cancer tissues for the survival of patients 3

years after surgery.
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levels in the liver metastatic cancer tissues were significantly
decreased (0.88+0.24 vs. 1.34+0.27, P=0.000), while the
regulatory T-cell levels were markedly increased (8.57+2.31
vs. 6.89+1.71, P=0.000) (Table 2).

Predictive value of the Th1/Th2 level in liver metastatic
cancer tissues for the recurrence and survival of patients

3 years after surgery

The Th1/Th2 level in liver metastatic cancer tissue
exhibited a good predictive value for the recurrence and
survival of patients 3 years after surgery, and the areas
under the curves were 0.783 (95% confidence interval:
0.649-0.916, P=0.002) and 0.763 (95% confidence interval:
0.628-0.898, P=0.001), respectively (Figures 1,2).

Predictive value of the regulatory T-cell level in liver
metastatic cancer tissues for the recurrence and survival of
patients 3 years after surgery

The regulatory T-cell level in liver metastatic cancer tissue
had a good predictive value for the recurrence and survival
of patients 3 years after surgery, and the areas under the
curves were 0.788 (95% confidence interval: 0.656-0.919,
P=0.002) and 0.763 (95% confidence interval: 0.628-0.897,
P=0.001), respectively (Figures 3,4).

Discussion

Previous studies have sought to identify novel tumor
biological indicators, provide new targets for treatment,
and accurately predict the prognosis of patients (9-11).
The immune microenvironment is not only a key factor
in the occurrence and development of tumors, but
also has an important impact on the effectiveness of
immunotherapy. The present study explored the changes
and clinical significance of T-cell subsets in the immune
microenvironment of colorectal cancer patients with liver
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Figure 3 Predictive value of the regulatory T-cell level in liver
metastatic cancer tissues for the recurrence of patients 3 years after

surgery.
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Figure 4 Predictive value of the regulatory T-cell level in liver
metastatic cancer tissues for the survival of patients 3 years after

surgery.

metastasis. The results showed that the Th1/Th2 level
was significantly reduced and the regulatory T cell level
was substantially increased in colorectal cancer patients
with liver metastasis, indicating that liver metastasis is an
immunosuppressive condition. In addition, we found that
the decreased Th1/Th2 level and the increased regulatory

T-cell level in liver metastasis were related to the poor
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prognosis of colorectal cancer patients.

The liver is composed of 80% parenchymal cells and
20% non-parenchymal cells and has a dual blood supply
from the portal vein and inferior vena cava. It is an
important organ for carbohydrate and lipid metabolism in
the human body and also participates in immune regulation.
Due to long-term exposure to a large number of harmless
antigens and the need to maintain tolerance to these
antigens, the liver is normally in an immunosuppressive
condition. The special immune microenvironment of the
liver is closely related to its specific cellular components
and immunosuppressive cells. Therefore, the immune
microenvironment of liver tumor tissues is also different
from that of tumor tissues in other organs. A previous
study in patients with primary liver cancer showed that the
balance of peripheral blood Th1/Th2 in patients shifted
to Th2, indicating that the Th1/Th2 ratio decreased (12).
At this time, the killing ability of the body to tumor cells
is reduced, then the tumor cells can rapidly proliferate and
metastasize, which was related to poor patient prognosis.
Th1 is the main T cell responsible for killing tumor cells
in the human body. The decrease in the Th1/Th2 ratio
indicates that Th1 function is inhibited, suggesting that the
patient is in an immunosuppressive condition, which may
eventually lead to a poor prognosis. In addition, regulatory
T cells are immunosuppressive cells; down-regulation of
regulatory T cells can improve the prognosis of patients,
while elevated levels of regulatory T cells are indicative
of a poor prognosis (13,14). In this study, the increase of
regulatory T cell levels in liver metastatic cancer tissues
inhibited the infiltration of immune cells into the tumor
tissue, which promoted the growth and metastasis of tumor
cells, and ultimately led to the poor prognosis of patients.
The role of regulatory T cells has also been confirmed in
the studies of other malignant tumors, further supporting
the findings of the present study (15-20).

Limitations

The present study had some limitations that should be
noted. This was a retrospective clinical study, and the
sample size was relatively insufficient to further explore the
molecular mechanism of poor prognosis caused by changes
in the immune microenvironment of liver metastasis.
Moreover, we did not dynamically monitor the changes of
immune microenvironment of liver metastases. Finally, we
failed to study the local immune microenvironment in this
retrospective study.
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Conclusions

"This study showed that the immunosuppressive condition of
liver metastatic cancer tissues in colorectal cancer patients
was related to poor prognosis. However, further studies are
needed to explore the molecular mechanism.
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