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Main point: Our retrospective analysis of a large number of cases found in
patients with primary colorectal cancer (CRC) carrying positive HBsAg inhibited
the occurrence of synchronous liver metastases (SLM). However, liver cirrhosis
caused by non-HBV factors promoted the occurrence of SLM.

Objectives: This study aimed to investigate the effect of HBV on the occurrence
of synchronous liver metastases (SLM) of colorectal cancer (CRC).

Methods: Univariate and multivariate analyses were used to analyze the
influence of clinical parameters on the occurrence of SLM.

Results: A total of 6, 020 patients with primary CRC were included in our study,
of which 449 patients carrying HBsAg(+) accounted for 7.46%. 44 cases of SLM
occurred in the HBsAg(+) group, accounting for 9.80%, which was much lower
than 13.6% (758/5571) in the HBsAg(-) group (X=5.214, P=0.022). Among CRC
patients with HBsAg(-), the incidence of SLM was 24.9% and 14.9% in the group
with high APRI and FIB-4 levels, respectively, which were significantly higher than
that in the compared groups (12.3% and 12.5%, all P<0.05). Compared with the
control group, female patients, late-onset patients, and HBV-infective patients
had lower risks of SLM (HR=0.737, 95%Cl: 0.614-0.883, P<0.001; HR=0.752, 95%
Cl: 0.603-0.943, P=0.013; HR=0.682, 95%Cl: 0.473-0.961, P=0.034).

Conclusions: The carriage of HBsAg(+) status inhibited the occurrence of SLM
from CRC. HBV-causing liver cirrhosis did not further influence the occurrence
of SLM, whereas non-HBV-factor cirrhosis promoted the occurrence of SLM.
Nevertheless, this still required prospective data validation.
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Introduction

Colorectal cancer (CRC) was one of the most common
malignancies of the gastrointestinal tract. CRC ranked the third
in incidence and was the second leading cause of cancer-related
deaths worldwide (1). CRC was also one of the most prevalent
cancers in China, where the mortality rate of CRC was about 13.13/
100, 000, accounting for 7.8% of the total number of deaths among
patients with malignant tumors (2). Recurrence and distant
metastasis were the two main factors affecting the survival of
CRC (3).
hematogenous metastases of CRC was liver (4). Colonic venous

The most common target organ of distant

blood converged into the hepatic portal vein through the superior
and inferior mesenteric veins, respectively. It was the anatomical
structure and portal circulation pathway that made the liver the
preferred site for distant metastases. About 15-25% of patients
suffered from synchronous liver metastasis (SLM), while another
15-25% developed metachronous liver metastases postoperatively
(5). Ultimately, approximately 50% of patients developed liver
metastases at some point throughout the course of their disease
(6). Patients with untreated liver metastases had a median survival
of only 6.9 months (7). Although complete surgical resection was
provided, the median survival period was less than 35 months (7).
Obviously, CRC liver metastasis was a thorny problem in clinical
diagnosis and treatment.

According to WHO, 1.1 million people were newly infected
with chronic hepatitis B virus (HBV) in 2017 (7). As of 2016, there
were 267 million chronic hepatitis B (CHB) infections worldwide
and 1.4 million deaths from viral hepatitis, 96% of which were
caused by hepatitis B and C viruses (7, 8). China conducted the first
national hepatitis seroepidemiological survey in 1992, according to
which approximately 120 million people in China carried HBsAg
(+), and nearly 300, 000 died from HBV infection each year (9).
CRC patients with comorbid chronic HBV infection were also more
common in clinical practice. However, whether CHB promoted or
suppressed synchronous liver metastasis was controversial. Some
concluded that the incidence of liver metastases was reduced in
CRC patients with concomitant CHB infection (10). Obviously,
CHB infection had a suppressive effect on liver metastases, but the
sample size included was small. Although others thought that CRC
with concomitant CHB infection promoted liver metastases (11,
12), the inclusion criteria were controversial.

Thus, in our study, a retrospective analysis of a large sample was
conducted to explore the effect of HBV on SLM of CRC, aiming to
clarify a clear connection between HBV and SLM in CRC, to
provide a basis for further clinical and basic research on CRC
liver metastasis.

Patients and methods
Clinical information

A total of 6, 020 consecutive patients with CRC who were
admitted to Shanghai Changzheng Hospital from July 2010 to June
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2021 were selected. The study was approved by the ethics
committee of Shanghai Changzheng hospital. The clinical data
collected included age, gender, tumor metastasis, HBV carrier
status, blood type, CEA, CA199, AFP, primary tumor location,
primary tumor diameter, tissue type, degree of differentiation, and
depth of tumor invasion. Locations of the primary tumor were
divided into left colon, right colon, and rectum. Diameter of the
primary tumor was divided into <3 cm and >3 cm according to the
size. Tissue types were divided into adenocarcinoma and other
types (carcinoid, signet ring cell carcinoma, mucinous
adenocarcinoma, etc.). Degrees of differentiation were divided
into undifferentiated-poor differentiation and medium-well
differentiation. Depths of invasion were divided into T, group
and T34 according to the TNM staging standard formulated by
AJCC. Each patient selectively underwent X-ray, abdominal B-
ultrasound, chest CT, abdomen CT, abdominal MRI, or PET-CT
according to the diagnosis and treatment needs.

Inclusion and exclusion criteria

Inclusion criteria

(1) Colonoscopy biopsy or surgical pathology was performed
(2). Specific HBV carrier statuses were recorded, such as HBsAg,
HBsAg, HBsAg, HBeAb, and HBcAb (3). The diagnosis of distant
metastases was issued with clear imaging data support, such as B-
ultrasound, CT, MRI, or PET-CT.

Exclusion criteria

(1) Benign colorectal diseases: colorectal polyps, familial
polyposis, ulcerative colitis, Crohn’s disease. (2) Other diseases of
the colorectum: neuroendocrine tumors, lymphoma, intestinal
tuberculosis, typhoid fever, intestinal amebiasis, Intestinal
schistosomiasis, etc. (3) Serious lack of clinical data: such as age,
gender, primary tumor location, SLM information, etc. (4)
Combined with other archenteric malignant tumors. (5) Patients
who had undergone surgery or radiotherapy and chemotherapy at
the time of admission. (6) Patients who had lung metastasis and
concomitant metastases of other organs, such as liver metastasis.

Diagnostic criteria

1. CRC: all patients included in the study had a definite
diagnosis of CRC. Patients who underwent surgery had a
complete postoperative pathology report. Patients with advanced
stage or metastases who did not undergo surgery were diagnosed by
colonoscopy biopsy. 2. Liver cirrhosis: Aspartate aminotransferase-
to-platelet ratio index (APRI) and Fibrosis 4 Score (FIB-4) were
used as an indirect indicator for the diagnosis of liver cirrhosis with
the cut-off values of 0.5 and 1.45, respectively (13, 14). APRI lower
than 0.5 was generally considered to exclude liver cirrhosis, and
FIB-4 lower than 1.45 was generally considered to exclude liver
cirrhosis (14). 3. Definition of SLM of CRC: according to
international consensus (15) and the “Guidelines for the diagnosis
and comprehensive treatment of liver metastases of CRC in China
(2020)” (16), synchronous liver metastasis referred to liver
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metastases found before or at the time of diagnosis of CRC. 4.
Imaging diagnosis of SLM: at least 2 or more imaging physicians
with associate high title issued the corresponding diagnostic reports.
The confirmation of intraoperative liver metastases should be
determined by at least 2 experienced surgeons.

Statistical analysis

SPSS 20.0 statistical software was used for statistical analysis.
The numerical variables were converted into categorical variables,
which were uniformly tested by the chi-square test. Univariate
analysis was performed on the factors that might affect SLM, and
multivariate Logistic regression analysis was performed on the
statistically significant indexes. P<0.05 was statistically significant.

Results
Clinical characteristics

As shown in Table 1, a total of 6, 020 patients with primary CRC
were enrolled in this study, 3810 males and 2210 females, with an
age range of 14-105 years and a median age of 63.0 years. Among
them, there were 449 CRC patients with HBsAg(+), accounting for
7.46%. There were 802 patients with synchronous liver metastasis in

TABLE 1 Clinical parameters and characteristics.

Enrolled cases

HBsAg(+)

10.3389/fonc.2023.1109464

all cases, among which 44 patients with HBsAg(+) complicated with
synchronous liver metastasis, accounting for 9.80% in the HBsAg
(+) group; while 758 patients with HBsAg (-), accounting for 13.6%
in the HBsAg (-) group. Compared with the HBsAg (-) group, the
proportion of SLM was lower in the HBsAg(+) group. There was a
statistical difference between the two groups (P<0.05), which
suggested that HBV might inhibit the occurrence of SLM in CRC.

In order to know the published data on the effect of HBV on
CRC liver metastasis in the past 20 years, we searched CRC patients
in PubMed, Web of Science, and Embase with the keywords HBsAg,
HBV, CRC, colon cancer, rectal cancer, and liver metastasis. We
searched 13 retrospective analyses, of which 10 articles were
published by Chinese scholars, 2 by Italian scholars, and 1 by
Japanese scholars. Among them, 4 suggested that HBV promoted
CRC liver metastasis, and 9 suggested that HBV inhibited CRC liver
metastasis (Table 2). In studies with over 3, 000 CRC patients
enrolled, HBV was believed to promote the occurrence of liver
metastases. However, the definitions of liver metastases above were
controversial and failed to distinguish SLM from metachronous
liver metastases (Table 2). Even for SLM, the established criteria
were inconsistent.

In addition, we also found that the status of HBsAg in CRC
patients was also related to age and AFP. Early-onset CRC patients
(age <50 years old) accounted for 27.2% (122/449) in HBsAg(+)
group, which was more than 15.0% (834/5571) in HBsAg (-) group.
Among the patients with HBsAg(+), elevated AFP levels accounted

Clinical parameters N=6020 N=449 P value
Gender 3.674 0.055
male 3810 303(67.5%) 3507(63.0%)
female 2210 146(32.5%) 2064(37.0%)
Age (years) 46.304 0.000
<50 956 122(27.2%) 834(15.0%)
=50 5064 327(72.8%) 4737(85.0%)
Blood type 6.273 0.180
0 1918 159(35.4%) 1759(31.6%)
A 1919 140(31.2%) 1779(31.9%)
B 1526 99(22.0%) 1427(25.6%)
AB 561 47(10.5%) 514
(9.2%)
missing data 96 4 92
(0.9%) (1.7%)
CEA 0.936 0.632
normal 3365 261(58.1%) 3104(55.7%)
high 2596 184(41.0%) 2412(43.3%)
missing data 59 4 55
(0.9%) (1.0%)
(Continued)
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TABLE 1 Continued

Clinical parameters Fieee) G LA P value
N=6020 N=449
CA199 2.655 0.265
normal 4813 353(78.6%) 4460(80.1%)
high 1103 84(18.7%) 1019(18.3%)
missing data 104 12 92
(2.7%) (1.7%)
AFP 10.519 0.012
normal 5860 427(95.1%) 5433(97.5%)
high 13 4 9
(0.9%) (0.2%)
missing data 147 18 129
(4.0%) (2.3%)
Tumor location 0.773 0.679
right colon 1380 102(22.7%) 1278(22.9%)
left colon 1520 121(26.9%) 1399(25.1%)
rectum 3120 226(50.3%) 2894(51.9%)
Tumor size (cm) 0.942 0.642
<3 1756 139(31.0%) 1617(29.0%)
>3 4239 308(68.6%) 3931(70.6%)
missing data 25 2 23
(0.4%) (0.4%)
Pathological type 0.243 0.622
adenocarcinoma 5221 386(86.0%) 4835(86.8%)
*others 799 63(14.0%) 736(13.2%)
Differentiation 2.320 0.313
G1-G2 342 31 311
(6.9%) (5.6%)
G3-G4 5389 401(89.3%) 4988(89.5%)
missing data 289 17 272
(3.8%) (4.9%)
Invasion depth 1.686 0.430
TI-T2 1715 120(26.7%) 1595(28.6%)
T3-T4 3929 305(67.9%) 3624(65.1%)
missing data 376 24 352
(5.3%) (6.3%)
SLM 5214 0.022
yes 802 44 758(13.6%)
(9.8%)
no 5218 405(90.2%) 4813(86.4%)

* other types: carcinoid, signet ring cell carcinoma, mucinous adenocarcinoma, etc. P<0.05 was statistically significant. P-values less than 0.5 are marked in bold.

for 0.9% (4/449), higher than 0.2% (9/5571) in the HBsAg(-) group.  inhibited SLM in CRC patients. However, HBsAg status was not
We assumed that this was probably because the infection of HBV  related to gender, blood type, CEA, CA199, tumor location, tumor
could cause damage to hepatic cells, leading to the elevation of AFP,  size, tissue type, degree of differentiation, and depth of invasion
which seemed not to contradict the conclusion that HBsAg(+)  (P>0.05) (Table 1).
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TABLE 2 Effects of HBV on CRC liver metastases published during 1999-2022.

Rate of CRLM:

Years Nation Cases HBsAg-+ratio HBsAg(+) vs HBsAg() Inhibit or promote Journal
2019 China (17) 7187 5.12% 13.40% vs. 8.54% + Annals of Oncology
2018 China (12) 4033 6.1% 15.57% vs. 8.60% + Clinical infectious diseases
2022 China (18) 3914 13.19% 16.95% vs. 13.06% + Scientific Report
2022 China (11) 3132 13.2% 16.5% vs. 12.7% + Cancer Management and Research
2014 China (19) 1413 - 9.4% vs. 23.9% - Hepatogastroenterology
2011 China (10) 1298 2.9% 14.2% vs. 28.2% - World journal of gastroenterology
2020 China (20) 884 33.60% 1.68% vs. 5.28% - International Journal of Colorectal Disease
2005 Ttaly (21) 630 9.21% 17.2% vs. 33.1% - Minerva chirurgica
2001 China (22) 512 14.45% 13.51% vs. 27.17% - American journal of surgery
2013 Ttaly (23) 488 6.35% 3.2% vs. - Annali italiani di chirurgia
9.4%
1999 Japan (24) 438 8.45% 8.11% vs. 21.20% - American journal of surgery
2012 China (25) 354 19.77% 2.86% vs. 16.9% - Hepatogastroenterology
2018 China (26) 289 12.1% 18.42% vs. 81.58% - Journal of Cancer

+: Promote; -: Inhibit. CRLM: CRC liver metastasis.

APRI, FIB-4 promoted SLM in non-HBsAg
(+) group

We further explored the effects of e-antigen, liver cirrhosis
indicators, and virus carrier status on the occurrence of
simultaneous liver metastases. In 449 HBsAg(+) patients, the effects
of e-antigen, liver cirrhosis index, and virus carrier status on the
occurrence of SLM were analyzed. Different from a previous report

and FIB-4), and virus replication status [HBsAg/HBeAg/HBcAb(+)
and HBsAg/HBeAb/HBcAb(+)] had any effect on the occurrence of
simultaneous liver metastases in HBsAg(+) CRC patients (P>0.05)
(Table 3). Interestingly, in the non-HBsAg+ group, the incidence of
SLM in the high APRI and FIB-4 groups was 24.9% and 14.9%,
respectively, which was significantly higher than that in the low APRI
and FIB-4 groups (12.3% and 12.5%, P < 0.05) (Table 4), suggesting
that cirrhosis or liver fibrosis may promote the occurrence of SLM in

(12), we did not find that e-antigen, liver cirrhosis indicators (APRI ~ non-HBV-infected CRC.

TABLE 3 Effect of e-antigen, liver cirrhosis, and virus carrier status on CRLM in HBsAg(+) group.

Group SLM, N (%) No SLM, N (%) P value
HBeAg 1.000
+ 5(10.9%) 41(89.1%)
- 39(9.7%) 364(90.3%)
APRI 0.111
APRI high level 4(5.0%) 76(95.0%)
APRI low level 40(10.8%) 329(89.2%)
FIB-4 0.963
FIB-4 high level 22(9.7%) 204(90.3%)
FIB-4 low level 22(9.9%) 201(90.1%)
Virus carrier status 0.499
HBsAg/HBeAg/HBcAb(+) 5(11.6%) 38(88.4%)
HBsAg/HBeAb/HBcAb(+) 21(8.4%) 228(91.6%)
Unknown 18(11.5%) 139(88.5%)

CRLM: CRC liver metastasis. P<0.05 was statistically significant.
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TABLE 4 Effect of liver cirrhosis index on CRLM in non-HBsAg+ group.

10.3389/fonc.2023.1109464

Group SLM, N (%) No SLM, N (%) P value
APRI <0.001
APRI high level 148(24.9%) 446(75.1%)
APRI low level 610(12.3%) 4367(87.7%)
FIB-4 0.004
FIB-4 high level 427(14.9%) 2441(85.1%)
FIB-4 low level 331(12.2%) 2372(87.8%)

CRLM: CRC liver metastasis. P<0.05 was statistically significant.

Univariate and multivariate analysis on SLM
in CRC

Univariate analysis showed that gender, age, CEA, CA199,
tumor location, tumor size, tissue type, degree of differentiation,
depth of infiltration, and HBsAg status were factors influencing the
occurrence of CRC SLM (P<0.05). Further, we found that gender,
age, CEA, CA199, tumor size, tissue type, degree of differentiation,
depth of invasion and HBsAg status were independent factors
affecting the occurrence of SLM in CRC (P<0.05)
(Supplementary Table 1).

Excluding groups with incomplete data on clinical parameters
(CEA, CA199, tumor size, tissue type, degree of differentiation, and
depth of infiltration), gender, age, and HBsAg status were
independent factors influencing the occurrence of SLM (P< 0.05),
while tumor location was not an independent factor (P>0.05).
Compared with the control group, female patients had a lower
risk of developing CRC synchronous liver metastasis (HR=0.737,
95%CI: 0.614—0.883, P<0.001). Similar results have been observed
in late-onset CRC patients (HR=0.752, 95%CI:0.603—0.943,
P=0.013) and CRC patients with HBsAg(+) (HR=0.682, 95%
CIL:0.473—0.961, P=00.034) (Supplementary Table 5).

Effect of HBV on SLM in the early-onset
CRC group

The above results suggested that the proportion of HBsAg(+) in
early-onset CRC patients was higher, suggesting that early-onset
CRC might be a suppressive factor for SLM.

Therefore, in order to further explore whether the low incidence
of SLM in early-onset CRC was related to HBV infection, we
investigated the effect of HBsAg status on SLM. As seen in
Supplementary Table 2, in the early-onset CRC group, HBsAg
status was not associated with the occurrence of SLM (P=0.108).
Apparently, the occurrence of SLM in early-onset CRC was more
closely related to exposure factors, dietary habits, body immune
status, gene expression, and mutation correlation.

Similarly, Supplementary Table 3 showed that in the early-onset
CRC with HBsAg+ group, e-antigen, liver cirrhosis indicators, and
virus carrier status were not associated with the occurrence of SLM.

Frontiers in Oncology 06

Effect of HBV on SLM in colon cancer

Although we found that after dividing the CRC into the left half,
right half, and rectum according to the tumor location, the tumor
part was not an independent factor affecting the occurrence of
synchronous liver metastasis. However, after dividing CRC into
colon and rectum, the rate of concurrent liver metastases from
colon cancer was 15.2% (442/2458), which was higher than that in
rectal cancer (10.11%, 360/3562), also being an independent factor
influencing the occurrence of SLM (P<0.5), consistent with the data
reported in the literature (16). Therefore, we further explored the
effect of HBV on synchronous liver metastasis in colon cancer. In
Supplementary Tables 4, 5, we found that HBsAg status, e-antigen,
APRI, and FIB-4 were unrelated to the occurrence of SLM (P>0.05).
We speculated that the higher incidence of SLM in the colon might
be more attributed to anatomical superior and inferior mesenteric
venous reflux to the portal system, while the rectal portion returned
to the inferior vena cava (body circulation).

Effect of HBV on synchronous extrahepatic
(lung) metastases

The effect of HBV on extrahepatic metastasis, especially lung
metastasis, remained unclear. Our study found that the rates of
synchronous lung metastases in HBsAg(+) and HBsAg(-) were
1.7% and 1.53%, respectively. There was no statistical difference
between them (P=0.576) (Table 5). This suggested that the
occurrence of synchronous lung metastases was not related to the
status of HBV infection, but more probably associated with
systemic blood circulation and lung microenvironment.

Discussion

Recurrence and metastasis were the leading causes of death in
CRC patients (27). The liver was the most common metastatic
organ of CRC (28). Resection of liver metastases was the preferred
method for the treatment of CRC with liver metastases (29).
However, approximately 75% of patients relapsed within 2 years
(30). Due to a large number of HBV infective patients and CRC
patients worldwide, so what was the relationship between HBV
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TABLE 5 Influence of HBsAg status on lung metastasis.

10.3389/fonc.2023.1109464

2

Parameters Synchronous lung metastases, N (%) No synchronous lung metastases, N (%) Total X P value
HBsAg 0313 0.576
+ 6(1.7%) 443(98.3%) 449
94(1.53%) 5477(98.47%) 5571
Total 100(1.7%) 5920(98.3%) 6020

P<0.05 was statistically significant.

infection and CRLM? Before discussing the relationship between
HBV and CRLM, we first defined the definition of synchronous
CRLM. The Expert Group on the Treatment of Liver Metastases
discussed this issue and reached a consensus (31) that SLM were
referred to as simultaneously discovered liver metastases detected at
the time of primary CRC tumor diagnosis. Although the
classification of SLM had reached an international consensus,
actually the standards in researches were not uniform. Some
argued that SLM were liver metastases found at the time of CRC
diagnosis or within 6 months after radical resection of the primary
CRC (15). Nevertheless, if liver metastases happened within 6
months after surgery, it meant that metastases had already
occurred before surgery. In the early stages of metastasis, minimal
residual diseases were undetectable. Because CT only could
distinguish lesions larger than 0.5 cm, while B-ultrasound only
larger than 1 cm (32). In addition, the reports on the incidence of
synchronous and metachronous liver metastases were controversial
due to the limited sample size (21, 23). Here, we selected SLM
according to the international consensus (31) that liver metastases
found before or at the time of diagnosis of CRC, which could allow
us to judge the occurrence of SLM more accurately.

The controversy was still ongoing regarding the impact of HBV
infection on the risk of CRC liver metastases. Most studies thought
that HBV infection inhibited the occurrence of CRC liver
metastases (26, 33); at the same time, other few studies held an
opposite view (11, 17). A retrospective study by Huo et al. (12)
collected 4,033 CRC patients to conclude that concomitant chronic
HBV infection significantly increased the risk of CRC liver
metastases with a higher hazard risk (2.317), compared with CRC
patients not infected with HBV. However, the mechanism of HBV
infection promoting CRC liver metastasis was unclear. Chemokines
in tumor microenvironment promoted malignant tumor metastasis
through multiple mechanisms (34). CRC cells recruited specific
subsets of myeloid cells to facilitate cancer cell growth in the liver
through the chemokine CCL2 (35). They were combined with
monocyte chemoattractant protein (MCP-1) to form MCP-1/
CCR2, which promoted the growth of CRC in the animal. Once
HBYV infection occurred, the expression level of MCP-1 was up-
regulated (36). This might hint that HBV infection facilitated liver
metastasis of CRC. Also, the expressions of chemokines CCL20,
CXCL6, and CXCL9/10/11 increased in HBV-infected patients,
which were all related to the occurrence of CRC (36-38).

We found that HBV may inhibit SLM in CRC. We enrolled 6,
020 cases, of which 802 patients developed SLM. There were 44
cases with simultaneous liver metastasis in the HBV infective group.
Compared with the HBsAg (-) group, the proportion of SLM in the

Frontiers in Oncology

HBsAg(+) group was lower (9.80% vs. 13.6%). Utsunomiya et al.
(24) found that liver metastases were rare in HBV or HCV-infected
CRC patients. Song et al. (22) reported that HBV-infected patients
had fewer CRC liver metastases and more prolonged survival than
non-HBV-infective patients. Another research showed that HBV
infection and liver cirrhosis could reduce the incidence of liver
metastases in CRC patients, but did not affect their survival rate.
Wang et al. (25) and Qiu et al. (10) also came to a similar conclusion
that HBV inhibited the SLM of CRC.

The mechanism by which HBV infection inhibited CRC liver
metastasis was also still unclear. Some studies held that HBV
enhanced the host’s cellular and humoral immune function after
HBYV entered the body. HBV replication not only enhanced the
killing of cytotoxic T lymphocytes (CTL) and Kupfter cells to wipe
out cancer cells, but activated cytokines such as TNF-o and INF-y
to boost the antitumor effects (10, 39). HBV infection promoted the
production of cytokines such as INF-y and IL-6 by activating
Kupffer cells, CTLs, and monocytes, while INF-y inhibited the
formation of neovascularization in cancer metastases. IL-6
indirectly increased liver ECM, thereby inhibiting CRC cell
metastasis or making it difficult for CRC cells to transfer to the
liver for growth and proliferation (40). During the progression from
CHB to cirrhosis, Kupffer cell activation led to tissue damage and
even liver fibrosis, and inhibited CRC liver metastasis. Other studies
reported that microRNAs silenced target genes through mRNA
degradation or translation inhibition to inhibit the occurrence of
liver metastasis, such as miRNA-145, Let-7, etc (41, 42). Also,
tumor liver metastases were intrinsic to tumor cells and influenced
by the local metastatic tumor microenvironment (43). The
imbalance between matrix metalloproteinases (MMPs) and their
inhibitors contributed to CRC progression and invasion (44). MMP
inhibitors used to treat CRC in animal models suggested that
increased expression of MMPs inhibited the colonization of
chronic hepatitis-infected tumor cells and hindered colon cancer
liver metastasis (45). Another possible explanation we thought was
that CRC secreted CEA that could specifically bind to the CEA
receptor on liver Kupffer cells so that Kupffer cells produced IL-c,
IL-1B, IL-6, and TNF-0, inducing liver Sinusoidal endothelial cells
to express intercellular adhesion molecules. Next, metastatic cancer
cells adhered to the liver sinusoidal endothelial cells, so as not to
enter the liver.

Liver cirrhosis was a common clinical chronic progressive liver
disease, diffuse liver damage formed by long-term or repeated
action of one or more causes (46-49). In China, most of them
were post-hepatitis cirrhosis, while a few were alcoholic cirrhosis
and schistosomiasis (12, 50, 51). What was the relationship between

frontiersin.org


https://doi.org/10.3389/fonc.2023.1109464
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhu et al.

post-hepatitis cirrhosis and CRC liver metastasis? Huo et al. (12)
used APRI as an evaluation index for the severity of liver cirrhosis
and found that in CRC patients with positive HBsAg, patients with
high APRI (>0.5) had a lower probability of developing SLM than
patients with low APRI (<0.5). Liver metastases from CRC were
rarely shown in patients with liver cirrhosis, a retrospective study in
the United States showed (52). However, a study in Taiwan put
forward the opposite view, arguing that the risk of liver metastases
in CRC patients with liver cirrhosis was underestimated, presenting
that the risk of liver metastases in CRC patients with liver cirrhosis
was higher (53). Nevertheless, in 449 cases of HBsAg(+) CRC
patients in our study, we did not find that e-antigen and liver
cirrhosis indicators (APRI, FIB-4) had any effect on the occurrence
of SLM. This suggested that HBV-induced liver cirrhosis did not
further affect the occurrence of SLM. There might be the following
reasons we thought for the above results: 1. A better indicator of
HBYV replication was the level of DNA replication. 2. APRI and FIB-
4 could not accurately reflect the actual degree of liver cirrhosis or
liver fibrosis. 3. The information on whether patients took
hepatoprotective or antiviral drugs or not was missing. But
interestingly, we found that in HBsAg (-) CRC patients, the
incidences of SLM in the high APRI and FIB-4 groups were
24.9% and 14.9%, respectively, which were significantly higher
than those in the low APRI and FIB-4 groups (12.3% and 12.5%),
suggesting that non-HBV factors in liver cirrhosis promoted the
occurrence of SLM from CRC. The possible underlying mechanism
was the effect of mechanical factors, such as mesenteric circulation
and hepatic capillaries, which promoted liver metastasis (54).
Patients with liver cirrhosis had intestinal epithelial barrier
dysfunction compared with healthy subjects (55-57). In addition,
vascular remodeling and tortuosity led to direct shunting of portal
and arterial blood supply to the hepatic outflow tract, and eventual
vessel tortuosity and slow blood flow further facilitated cancer cell
seeding (57, 58). The new finding opened up new ideas for us to
further study the pathogenetic mechanism of synchronous liver
metastasis of CRC, but it still needed prospective data verification.

This study had the following deficiencies and limitations: 1.
Status of HBV carriers. It would be more convincing to clarify the
role of HBV-DNA status in tumor pathogenesis. 2. HBV treatment
and outcome. Antiviral therapy duration, regimen, and outcomes also
affected final clinical outcomes. Besides, many retrospective studies
have not been able to investigate whether the tumor occurred or HBV
infection first. 3. Different definitions of liver metastases and defects
in detection methods. Different definitions of liver metastases in CRC
would inevitably lead to bias in the analysis of results. Also, the
resolutions and models of imaging equipment in different hospitals or
different periods of the same hospital were quite different, resulting in
diagnostic defects and final research bias.

In conclusion, despite the controversies shown in the review of
literature, the retrospective analysis of a large number of cases in our
study found that in patients with primary CRC, carrying positive
HBsAg might inhibit the occurrence of SLM. As for early-onset CRC
patients, it seemed that HBsAg status was not associated with the
occurrence of SLM. The rate of concurrent liver metastases from
colon cancer was higher than that in rectal cancer. However, HBsAg
status seemed unrelated to the occurrence of SLM in colon cancer.
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Besides, HBV-induced liver cirrhosis appeared not to further affect
the occurrence of SLM while liver cirrhosis caused by non-HBV
factors promoted the occurrence of SLM. Meanwhile, it seemed that
HBsAg status had no effects on the incidences of lung metastasis in
CRC. These findings still required prospective data validation.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by the ethics committee of Shanghai Changzheng
hospital. The patients/participants provided their written
informed consent to participate in this study.

Author contributions

LZ, PG, and YL contributed equally to this work and share first
authorship. All authors contributed to the article and approved the
submitted version.

Funding

This work was supported by grant from Shanghai “Rising Stars
of Medical Talent” Youth Development Program (2018).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material
The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1109464/
full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2023.1109464/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1109464/full#supplementary-material
https://doi.org/10.3389/fonc.2023.1109464
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhu et al.

References

1. Siegel RL, Miller KD, Goding Sauer A, Fedewa SA, Butterly LF, Anderson JC,
et al. Colorectal cancer statistics, 2020. CA Cancer ] Clin (2020) 70(3):145-64.
doi: 10.3322/caac.21601

2. Liu S, Zheng R, Zhang M, Zhang S, Sun X, Chen W. Incidence and mortality of
colorectal cancer in China, 2011. Chin ] Cancer Res (2015) 27(1):22-8. doi: 10.3978/
j.issn.1000-9604.2015.02.01

3. Carpizo DR, D'Angelica M. Liver resection for metastatic colorectal cancer in the
presence of extrahepatic disease. Lancet Oncol (2009) 10(8):801-9. doi: 10.1016/S1470-
2045(09)70081-6

4. Bray F, Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: Globocan estimates of incidence and mortality worldwide for 36 cancers
in 185 countries. CA Cancer J Clin (2018) 68(6):394-424. doi: 10.3322/caac.21492

5. Qin S, Liu GJ, Huang M, Huang J, Luo Y, Wen Y, et al. The local efficacy and
influencing factors of ultrasound-guided percutaneous microwave ablation in
colorectal liver metastases: A review of a 4-year experience at a single center. Int |
Hyperthermia (2019) 36(1):36-43. doi: 10.1080/02656736.2018.1528511

6. Carpizo DR, Are C, Jarnagin W, Dematteo R, Fong Y, Gonen M, et al. Liver
resection for metastatic colorectal cancer in patients with concurrent extrahepatic
disease: Results in 127 patients treated at a single center. Ann Surg Oncol (2009) 16
(8):2138-46. doi: 10.1245/s10434-009-0521-6

7. Stewart CL, Warner S, Ito K, Raoof M, Wu GX, Kessler J, et al. Cytoreduction for
colorectal metastases: Liver, lung, peritoneum, lymph nodes, bone, brain. when does it
palliate, prolong survival, and potentially cure? Curr Probl Surg (2018) 55(9):330-79.
doi: 10.1067/j.cpsurg.2018.08.004

8. Margonis GA, Sergentanis TN, Ntanasis-Stathopoulos I, Andreatos N, Tzanninis
IG, Sasaki K, et al. Impact of surgical margin width on recurrence and overall survival
following RO hepatic resection of colorectal metastases: A systematic review and meta-
analysis. Ann Surg (2018) 267(6):1047-55. doi: 10.1097/SLA.0000000000002552

9. Weng JJ, Wei JZ, Li M, Lu JL, Qin YD, Jiang H, et al. Effects of hepatitis b virus
infection and antiviral therapy on the clinical prognosis of nasopharyngeal carcinoma.
Cancer Med (2020) 9(2):541-51. doi: 10.1002/cam4.2715

10. Qiu HB, Zhang LY, Zeng ZL, Wang ZQ, Luo HY, Keshari RP, et al. Hbv
infection decreases risk of liver metastasis in patients with colorectal cancer: A cohort
study. World ] Gastroenterol (2011) 17(6):804-8. doi: 10.3748/wjg.v17.i6.804

11. Zhou J, Guo X, Huang P, Tan S, Lin R, Zhan H, et al. Hbv infection status
indicates different risks of synchronous and metachronous liver metastasis in colorectal
cancer: A retrospective study of 3132 patients with a 5-year follow-up. Cancer Manag
Res (2022) 14:1581-94. doi: 10.2147/CMAR.$350276

12. Huo T, CaoJ, Tian Y, Shi X, Wu L, Zhang M, et al. Effect of concomitant positive
hepatitis b surface antigen on the risk of liver metastasis: A retrospective clinical study
of 4033 consecutive cases of newly diagnosed colorectal cancer. Clin Infect Dis (2018)
66(12):1948-52. doi: 10.1093/cid/cix1118

13. Takase B, Goto T, Hamabe A, Uehata A, Kuroda K, Satomura K, et al. Flow-
mediated dilation in brachial artery in the second half of pregnancy and prediction of
pre-eclampsia. ] Hum Hypertens (2003) 17(10):697-704. doi: 10.1038/s.jhh.1001599

14. Vallet-Pichard A, Mallet V, Nalpas B, Verkarre V, Nalpas A, Dhalluin-Venier V,
et al. Fib-4: An inexpensive and accurate marker of fibrosis in hcv infection.
Comparison Liver Biopsy Fibrotest. Hepatol (2007) 46(1):32-6. doi: 10.1002/hep.21669

15. Siriwardena AK, Mason JM, Mullamitha S, Hancock HC, Jegatheeswaran S.
Management of colorectal cancer presenting with synchronous liver metastases. Nat
Rev Clin Oncol (2014) 11(8):446-59. doi: 10.1038/nrclinonc.2014.90

16. Chinese College of S, Section of Gastrointestinal Surgery BoSCMA, Section of
Colorectal Surgery BoSCMA, Section of Colorectal Oncology OBCMA, Colorectal
Cancer Professional Committee CA-CA and Colorectal Cancer Professional
Committee CMDA, et al. [China guideline for diagnosis and comprehensive
treatment of colorectal liver metastases (Version 2020)]. Zhonghua Wei Chang Wai
Ke Za Zhi (2021) 24(1):1-13. doi: 10.3760/cma.j.cn.441530-20201225-00680

17. Zhao L, Song L, Cao J, Yang Y. Active chronic hepatitis b increases the risk of
liver metastasis of colorectal cancer: A retrospective clinical study of 7187 consecutive
cases of newly diagnosed colorectal cancer. Ann Oncol (2019) 30(Supplement 5):v212.
doi: 10.1093/annonc/mdz246.039

18. Zhou J, Huang P, Guo X, Tan S, Lin R, Zhan H, et al. Hbv infection statuses
indicate different risks of synchronous and metastasis liver metastasis in colorectal
cancer. (2021). doi: 10.21203/rs.3.rs-285576/v1. Scientific Reports; Preprint (Version 1)
Available at Research Square.

19. Qian HG, Hao CY. Hepatitis b virus infection is an independent factor
influencing the occurrence of liver metastasis in colorectal cancer: A retrospective
analysis of 1413 cases. Hepatogastroenterology (2014) 61(135):1908-14.

20. Jiaming Z, Pinzhu H, Xiaoyan G, Shuyun T, Rongwan L, Huanmiao Z, et al. Hbv
infection may reduce the risk of metachronous liver metastasis in postoperative
pathological stage 2 colorectal cancer. Int J Colorectal Dis (2020) 35(12):2205-17.
doi: 10.1007/s00384-020-03712-w

Frontiers in Oncology

09

10.3389/fonc.2023.1109464

21. Tascone C, Ruperto M, Barillari P. [Colorectal carcinoma metastasis in livers
infected with hepatitis b or ¢ virus]. Minerva Chir (2005) 60(2):77-81.

22. SongE, Chen J, Ou Q, Su F. Rare occurrence of metastatic colorectal cancers in
livers with replicative hepatitis b infection. Am J Surg (2001) 181(6):529-33.
doi: 10.1016/s0002-9610(01)00634-1

23. Li Destri G, Castaing M, Ferlito F, Minutolo V, Di Cataldo A, Puleo S. Rare
hepatic metastases of colorectal cancer in livers with symptomatic hbv and hcv
hepatitis. Ann Ital Chir (2013) 84(3):323-7.

24. Utsunomiya T, Saitsu H, Saku M, Yoshida K, Matsumata T, Shimada M, et al.
Rare occurrence of colorectal cancer metastasis in livers infected with hepatitis b or ¢
virus. Am J Surg (1999) 177(4):279-81. doi: 10.1016/s0002-9610(99)00045-8

25. Wang FS, Shao ZG, Zhang JL, Liu YF. Colorectal liver metastases rarely occur in
patients with chronic hepatitis virus infection. Hepatogastroenterology (2012) 59
(117):1390-2. doi: 10.5754/hgel1747

26. Zhao Y, Lin J, Peng ], Deng Y, Zhao R, Sui Q, et al. Hepatitis b virus infection
predicts better survival in patients with colorectal liver-only metastases undergoing
liver resection. J Cancer (2018) 9(9):1560-7. doi: 10.7150/jca.24544

27. Steeg PS. Targeting metastasis. Nat Rev Cancer (2016) 16(4):201-18.
doi: 10.1038/nrc.2016.25

28. Chen HN, Shu Y, Liao F, Liao X, Zhang H, Qin Y, et al. Genomic evolution and
diverse models of systemic metastases in colorectal cancer. Gut (2022) 71(2):322-32.
doi: 10.1136/gutjnl-2020-323703

29. Hadden WJ, de Reuver PR, Brown K, Mittal A, Samra JS, Hugh TJ. Resection of
colorectal liver metastases and extra-hepatic disease: A systematic review and
proportional meta-analysis of survival outcomes. HPB (Oxford) (2016) 18(3):209-20.
doi: 10.1016/j.hpb.2015.12.004

30. Jones RP, Jackson R, Dunne DF, Malik HZ, Fenwick SW, Poston GJ, et al.
Systematic review and meta-analysis of follow-up after hepatectomy for colorectal liver
metastases. Br J Surg (2012) 99(4):477-86. doi: 10.1002/bjs.8667

31. Adam R, de Gramont A, Figueras ], Kokudo N, Kunstlinger F, Loyer E, et al.
Managing synchronous liver metastases from colorectal cancer: A multidisciplinary
international consensus. Cancer Treat Rev (2015) 41(9):729-41. doi: 10.1016/
j.ctrv.2015.06.006

32. Wang JP. [Chinese standard for the diagnosis and treatment of colorectal cancer
(2010)]. Zhonghua Wei Chang Wai Ke Za Zhi (2011) 14(1):1-4.

33. Au KP, Chok KSH, Chan ACY, Dai WC, Cheung TT, Lo CM. Impact of
hepatitis b carrier status on the outcomes of surgical treatment of colorectal liver
metastases. World ] Surg (2018) 42(8):2642-50. doi: 10.1007/s00268-018-4483-3

34. Nagarsheth N, Wicha MS, Zou W. Chemokines in the cancer microenvironment
and their relevance in cancer immunotherapy. Nat Rev Immunol (2017) 17(9):559-72.
doi: 10.1038/nri.2017.49

35. Zhao L, Lim SY, Gordon-Weeks AN, Tapmeier TT, Im JH, Cao Y, et al.
Recruitment of a myeloid cell subset (Cd11b/Grl mid) Via Ccl2/Ccr2 promotes the
development of colorectal cancer liver metastasis. Hepatology (2013) 57(2):829-39.
doi: 10.1002/hep.26094

36. Iwata T, Tanaka K, Inoue Y, Toiyama Y, Hiro J, Fujikawa H, et al. Macrophage
inflammatory protein-3 alpha (Mip-3a) is a novel serum prognostic marker in patients
with colorectal cancer. J Surg Oncol (2013) 107(2):160-6. doi: 10.1002/js0.23247

37. Halama N, Zoernig I, Berthel A, Kahlert C, Klupp F, Suarez-Carmona M, et al.
Tumoral immune cell exploitation in colorectal cancer metastases can be targeted
effectively by anti-Ccr5 therapy in cancer patients. Cancer Cell (2016) 29(4):587-601.
doi: 10.1016/j.ccell.2016.03.005

38. Toiyama Y, Fujikawa H, Kawamura M, Matsushita K, Saigusa S, Tanaka K, et al.
Evaluation of Cxcl10 as a novel serum marker for predicting liver metastasis and
prognosis in colorectal cancer. Int J Oncol (2012) 40(2):560-6. doi: 10.3892/
ijo.2011.1247

39. Lara-Pezzi E, Majano PL, Gomez-Gonzalo M, Garcia-Monzon C, Moreno-
Otero R, Levrero M, et al. The hepatitis b virus X protein up-regulates tumor necrosis
factor alpha gene expression in hepatocytes. Hepatology (1998) 28(4):1013-21.
doi: 10.1002/hep.510280416

40. Naito M, Hasegawa G, Ebe Y, Yamamoto T. Differentiation and function of kupffer
cells. Med Electron Microsc (2004) 37(1):16-28. doi: 10.1007/s00795-003-0228-x

41. Akao Y, Nakagawa Y, Naoe T. Let-7 microrna functions as a potential growth
suppressor in human colon cancer cells. Biol Pharm Bull (2006) 29(5):903-6.
doi: 10.1248/bpb.29.903

42. Sachdeva M, Mo YY. Microrna-145 suppresses cell invasion and metastasis by
directly targeting mucin 1. Cancer Res (2010) 70(1):378-87. doi: 10.1158/0008-
5472.CAN-09-2021

43. Mueller MM, Fusenig NE. Friends or foes - bipolar effects of the tumour stroma
in cancer. Nat Rev Cancer (2004) 4(11):839-49. doi: 10.1038/nrc1477

frontiersin.org


https://doi.org/10.3322/caac.21601
https://doi.org/10.3978/j.issn.1000-9604.2015.02.01
https://doi.org/10.3978/j.issn.1000-9604.2015.02.01
https://doi.org/10.1016/S1470-2045(09)70081-6
https://doi.org/10.1016/S1470-2045(09)70081-6
https://doi.org/10.3322/caac.21492
https://doi.org/10.1080/02656736.2018.1528511
https://doi.org/10.1245/s10434-009-0521-6
https://doi.org/10.1067/j.cpsurg.2018.08.004
https://doi.org/10.1097/SLA.0000000000002552
https://doi.org/10.1002/cam4.2715
https://doi.org/10.3748/wjg.v17.i6.804
https://doi.org/10.2147/CMAR.S350276
https://doi.org/10.1093/cid/cix1118
https://doi.org/10.1038/sj.jhh.1001599
https://doi.org/10.1002/hep.21669
https://doi.org/10.1038/nrclinonc.2014.90
https://doi.org/10.3760/cma.j.cn.441530-20201225-00680
https://doi.org/10.1093/annonc/mdz246.039
https://doi.org/10.21203/rs.3.rs-285576/v1
https://doi.org/10.1007/s00384-020-03712-w
https://doi.org/10.1016/s0002-9610(01)00634-1
https://doi.org/10.1016/s0002-9610(99)00045-8
https://doi.org/10.5754/hge11747
https://doi.org/10.7150/jca.24544
https://doi.org/10.1038/nrc.2016.25
https://doi.org/10.1136/gutjnl-2020-323703
https://doi.org/10.1016/j.hpb.2015.12.004
https://doi.org/10.1002/bjs.8667
https://doi.org/10.1016/j.ctrv.2015.06.006
https://doi.org/10.1016/j.ctrv.2015.06.006
https://doi.org/10.1007/s00268-018-4483-3
https://doi.org/10.1038/nri.2017.49
https://doi.org/10.1002/hep.26094
https://doi.org/10.1002/jso.23247
https://doi.org/10.1016/j.ccell.2016.03.005
https://doi.org/10.3892/ijo.2011.1247
https://doi.org/10.3892/ijo.2011.1247
https://doi.org/10.1002/hep.510280416
https://doi.org/10.1007/s00795-003-0228-x
https://doi.org/10.1248/bpb.29.903
https://doi.org/10.1158/0008-5472.CAN-09-2021
https://doi.org/10.1158/0008-5472.CAN-09-2021
https://doi.org/10.1038/nrc1477
https://doi.org/10.3389/fonc.2023.1109464
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhu et al.

44. Islekel H, Oktay G, Terzi C, Canda AE, Fuzun M, Kupelioglu A. Matrix
metalloproteinase-9,-3 and tissue inhibitor of matrix metalloproteinase-1 in
colorectal cancer: Relationship to clinicopathological variables. Cell Biochem Funct
(2007) 25(4):433-41. doi: 10.1002/cbf.1325

45. Shalinsky DR, Brekken J, Zou H, McDermott CD, Forsyth P, Edwards D, et al.
Broad antitumor and antiangiogenic activities of Ag3340, a potent and selective mmp
inhibitor undergoing advanced oncology clinical trials. Ann N Y Acad Sci (1999)
878:236-70. doi: 10.1111/j.1749-6632.1999.tb07689.x

46. Bernsmeier C, van der Merwe S, Perianin A. Innate immune cells in cirrhosis. J
Hepatol (2020) 73(1):186-201. doi: 10.1016/j.jhep.2020.03.027

47. Zermatten MG, Fraga M, Moradpour D, Bertaggia Calderara D, Aliotta A,
Stirnimann G, et al. Hemostatic alterations in patients with cirrhosis: From primary
hemostasis to fibrinolysis. Hepatology (2020) 71(6):2135-48. doi: 10.1002/hep.31201

48. Loomba R, Adams LA. Advances in non-invasive assessment of hepatic fibrosis.
Gut (2020) 69(7):1343-52. doi: 10.1136/gutjnl-2018-317593

49. O'Leary JG, Greenberg CS, Patton HM, Caldwell SH. Aga clinical practice
update: Coagulation in cirrhosis. Gastroenterology (2019) 157(1):34-43 el.
doi: 10.1053/j.gastro.2019.03.070

50. Xiao J, Wang F, Wong NK, He J, Zhang R, Sun R, et al. Global liver disease
burdens and research trends: Analysis from a Chinese perspective. | Hepatol (2019) 71
(1):212-21. doi: 10.1016/j.jhep.2019.03.004

51. Zhang L, Schuppan D. Traditional Chinese medicine (Tcm) for fibrotic liver
disease: Hope and hype. ] Hepatol (2014) 61(1):166-8. doi: 10.1016/j.jhep.2014.03.009

Frontiers in Oncology

10

10.3389/fonc.2023.1109464

52. Gervaz P, Pak-art R, Nivatvongs S, Wolff BG, Larson D, Ringel S. Colorectal
adenocarcinoma in cirrhotic patients. J] Am Coll Surg (2003) 196(6):874-9.
doi: 10.1016/S1072-7515(03)00117-0

53. Chiou WY, Chang CM, Tseng KC, Hung SK, Lin HY, Chen YC, et al. Effect
of liver cirrhosis on metastasis in colorectal cancer patients: A nationwide
population-based cohort study. Jpn J Clin Oncol (2015) 45(2):160-8.
doi: 10.1093/jjco/hyul78

54. Lalor PF, Lai WK, Curbishley SM, Shetty S, Adams DH. Human hepatic
sinusoidal endothelial cells can be distinguished by expression of phenotypic
markers related to their specialised functions in vivo. World ] Gastroenterol (2006)
12(34):5429-39. doi: 10.3748/wjg.v12.i34.5429

55. Benjamin J, Singla V, Arora I, Sood S, Joshi YK. Intestinal permeability and

complications in liver cirrhosis: A prospective cohort study. Hepatol Res (2013) 43
(2):200-7. doi: 10.1111/j.1872-034X.2012.01054.x

56. Zuckerman MJ, Menzies IS, Ho H, Gregory GG, Casner NA, Crane RS, et al.
Assessment of intestinal permeability and absorption in cirrhotic patients with ascites
using combined sugar probes. Dig Dis Sci (2004) 49(4):621-6. doi: 10.1023/b:
ddas.0000026307.56909.21

57. Pijls KE, Jonkers DM, Elamin EE, Masclee AA, Koek GH. Intestinal epithelial
barrier function in liver cirrhosis: An extensive review of the literature. Liver Int (2013)
33(10):1457-69. doi: 10.1111/1iv.12271

58. Schuppan D, Afdhal NH. Liver cirrhosis. Lancet (2008) 371(9615):838-51.
doi: 10.1016/S0140-6736(08)60383-9

frontiersin.org


https://doi.org/10.1002/cbf.1325
https://doi.org/10.1111/j.1749-6632.1999.tb07689.x
https://doi.org/10.1016/j.jhep.2020.03.027
https://doi.org/10.1002/hep.31201
https://doi.org/10.1136/gutjnl-2018-317593
https://doi.org/10.1053/j.gastro.2019.03.070
https://doi.org/10.1016/j.jhep.2019.03.004
https://doi.org/10.1016/j.jhep.2014.03.009
https://doi.org/10.1016/S1072-7515(03)00117-0
https://doi.org/10.1093/jjco/hyu178
https://doi.org/10.3748/wjg.v12.i34.5429
https://doi.org/10.1111/j.1872-034X.2012.01054.x
https://doi.org/10.1023/b:ddas.0000026307.56909.21
https://doi.org/10.1023/b:ddas.0000026307.56909.21
https://doi.org/10.1111/liv.12271
https://doi.org/10.1016/S0140-6736(08)60383-9
https://doi.org/10.3389/fonc.2023.1109464
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	A retrospective case-series of influence of chronic hepatitis B on synchronous liver metastasis of colorectal cancer
	Introduction
	Patients and methods
	Clinical information
	Inclusion and exclusion criteria
	Inclusion criteria
	Exclusion criteria
	Diagnostic criteria

	Statistical analysis

	Results
	Clinical characteristics
	APRI, FIB-4 promoted SLM in non-HBsAg(+) group
	Univariate and multivariate analysis on SLM in CRC
	Effect of HBV on SLM in the early-onset CRC group
	Effect of HBV on SLM in colon cancer
	Effect of HBV on synchronous extrahepatic (lung) metastases

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References


