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Abstract: Nearly twenty-five percent of colorectal cancer (CRC) patients develop metachronous colorectal liver me-
tastasis (CRLM) after curative surgery. Hepatosteatosis is the most prevalent liver condition worldwide, but its 
impact on the incidence of metachronous CRLM is understudied. In the present study, we aimed to investigate the 
predictive value of hepatic steatosis on the development of metachronous CRLM. First, a nested case-control study 
was conducted, enrolling stage I to III CRC patients in the National Colorectal Cancer Cohort (NCRCC) database. 
Metachronous CRLM patients and recurrence-free patients were matched via propensity-score matching. Fatty liver 
was identified based on treatment-naïve CT scans and the degree of hepatic fibrosis was scored. Multivariable 
analysis was conducted to investigate the association between fatty liver and metachronous CRLM. In our database, 
a total of 414 patients were included. Metachronous CRLM patients had considerably higher rates of hepatic steato-
sis (30.9% versus 15.9%, P<0.001) and highly fibrotic liver (11.6% versus 2.9%, P=0.001) compared to recurrence-
free patients. Multivariable analysis showed that fatty liver (odds ratios [OR]=1.99, 95% confidence interval [CI] 
1.19-3.30, P=0.008) and fibrotic liver (OR=4.27, 95% CI 1.54-11.81, P=0.005) were associated with high risk of 
metachronous CRLM. Further, a systematic literature review was performed to assess available evidence on the 
association between hepatosteatosis and development of metachronous CRLM. In the systematic review, 1815 
patients were pooled from eligible studies, and hepatic steatosis remained a significant risk factor for metachro-
nous CRLM (OR=1.90, 95% CI 1.35-2.66, P<0.001, I2=25.3%). In conclusion, our data suggest that patients with 
a steatotic liver and a high fibrosis score at CRC diagnosis have elevated risk of developing metachronous CRLM.
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Introduction

Colorectal cancer (CRC) is the third most pre- 
valent malignancy worldwide, with a predicted 
annual incidence of 2.5 million by 2035, and a 
high mortality rate, currently accounting for 
900,000 disease-related deaths per year [1, 
2]. Importantly, 25% of patients will develop 
metachronous liver metastases (CRLM) even 

after curative surgeries for the primary tumor 
[2, 3]. Metachronous CRLM is clinically chal-
lenging because few patients are eligible for 
surgery, local recurrence rates are high, and 
survival rates are extremely low [4, 5]. Fur- 
thermore, despite advancements in preclinical 
researches, there remains a lack of reliable 
clinical predictors for the development of meta-
chronous CRLM.
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In contrast to synchronous metastasis, the 
development of metachronous metastasis 
relies on the activation of dormant disseminat-
ed tumor cells. It is wildly accepted that the dor-
mancy of seeded cells is regulated by the local 
conditions of the target organ [6, 7]. Chronic 
liver diseases such as steatosis and fibrosis  
not only produce an inflammatory environ- 
ment but also hamper immunosurveillance 
functions against malignancies. On the other 
hand, chronic liver disease leads to rewiring of 
hepatic metabolism and a consequent increase 
in nutrient availability in the liver [8]. Combining 
these phenomena, chronic liver disease may 
ultimately result in a nutrient-rich, immunosup-
pressive microenvironment in favor of activa-
tion and growth of metastatic cells [9].

Hepatic steatosis is the most common chronic 
liver condition worldwide, affecting up to 31.8% 
of the population [10, 11]. It is characterized  
by excessive lipid storage and, in the advanced 
stages, necrotic, inflammatory, and fibrotic 
changes occur [8]. Recent preclinical studies 
have yielded insights into the supportive role of 
fatty liver in facilitating cancer cell activation 
[12, 13]. However, there is a lack of consistent 
clinical evidence concerning the impact of 
hepatic steatosis on the development of meta-
chronous CRLM after curative resection [14-
18]. The literature currently reports mixed 
results, which are likely attributable to retro-
spective design, limited sample numbers, het-
erogeneity in patient baseline parameters, and 
differences in previously administered anti-
tumor treatments. Thus, a nested case-match- 
ed study based on a prospectively designed 
large patient cohort is warranted.

Traditionally, the onset of primary gut tumors 
and hepatic steatosis were mostly viewed as 
independent events. In contrast, we recently 
reported that primary tumor actively “edu-
cates” the host liver and induce significant lipid 
accumulation in animal models prior to their 
distal colonization [19]. Yet, clinical correlation 
between primary CRC tumors and incidence of 
hepatosteatosis is, by far, lacking. In light of 
this, we conducted a nested case-control study 
utilizing the large-scale National Colorectal 
Cancer Cohort (NCRCC) database [20]. We 
enrolled stage I-III CRC patients who developed 
metachronous CRLM post-curative surgery and 
control patients who remained tumor-free after 

primary tumor resection. Having identified liver 
steatosis as risk factor for metachronous CRLM 
in our dataset, a systematic review and meta-
analysis were conducted to collate stronger evi-
dence from multiple sources.

Materials and methods

The study consisted of two sections. The first 
section is a nested case-control study in which 
colorectal cancer patients who were non-meta-
static at disease diagnosis and developed 
metachronous CRLM were matched with  
non-metastatic patients with no recurrence. 
Multidimensional clinical data were analyzed to 
identify predictive factors for metachronous 
CRLM. After identifying hepatic steatosis as a 
risk factor for metachronous CRLM, we con-
ducted a systematic review and meta-analysis 
to confirm the link.

Design of a nested case-control study and defi-
nition of groups

Study cohorts: The NCRCC is an ongoing pro-
spective cohort study in which individuals at 
high risk of CRC and newly diagnosed CRC 
patients were recruited. Patients’ baseline 
characteristics, treatment information, survival 
endpoints and lifestyle questionnaire were 
recorded in a prospective fashion, making it an 
ideal database to conduct a nested case-con-
trol study. So far, more than 16,000 CRC 
patients were recruited. The cohort protocol 
was elaborated previously [20].

Cases and controls: Patients recruited in 
NCRCC between June 2015 and December 
2019 were consecutively enrolled during identi-
fication process. Metastatic disease, patients 
with unclear stages or non-adenocarcinoma 
disease were excluded. Those who developed 
metachronous CRLMs during postoperative 
survey were identified as cases. The definition 
of metachronous CRLM is: newly-diagnosed 
liver metastatic lesion that was radiologically or 
pathologically confirmed more than six months 
after curative surgery for primary colorectal 
cancer. In addition, patients with no evidence 
of disease recurrence were identified as con-
trols (Figure 1A). Patients then underwent 
detailed selection before case-matching pro-
cess. The inclusion criteria were: (1) Age bet- 
ween 18 and 80; (2) Abdominal CT scans at dis-
ease diagnosis; (3) No evidence of disease 
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Figure 1. Flow chart of patient inclusion, case-matching and data gathering process. A: The National Colorectal Cancer Cohort (NCRCC) database was utilized. 
Stage I to III colorectal cancer patient with metachronous colorectal liver metastasis (CRLM) and patients with no disease recurrence during more than 3 years of 
survey were identified; B: The identified patients underwent screening process and eligible patients in both groups were matched according to baseline information, 
disease stage and tumor location via propensity-score-matching PSM.
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(NED) after curative surgery; (4) Routine follow-
up protocols with radiological examination. The 
exclusion criteria were: (1) Patients with chronic 
liver disease; (2) History of HBV or HCV infec-
tion; (3) History of excessive alcohol consump-
tion (≥30 g per day for men or ≥20 g per day for 
women) by life style questionnaire at diagnosis 
of CRC [10, 20]; (4) Patients receiving preopera-
tive chemotherapy or treatment at other medi-
cal center prior to hospitalization; (5) Sever 
comorbidities; (6) Patients not adhering to fol-
low-up protocols or lost in follow-up. 

Then, a one-to-one propensity-score matching 
(PSM) strategy was used. In detail, baseline 
information (i.e., sex, age, and overweight), sys-
tematic metabolic disease (i.e., diabetes) and 
disease information such as primary tumor 
location and disease stage were used for 
matching. The schematics of PSM was in Figure 
1B.

Clinical data gathering: Clinical data were 
extracted from electrical medical record sys-
tem (EMRS). Platelet count was extracted from 
blood routine at admission. Liver function indi-
cators including blood bilirubin, alanine trans-
aminase (ALT), aspartate transaminase (AST), 
albumin and blood bile acid were extracted 
from serum biochemicals. Additionally, blood 
lipid metabolism-related indicators including 
total cholesterol, triglyceride, free fatty acid 
and lipoproteins were recorded. Genetic fea-
tures including Ras mutation, Braf mutation 
were verified via PCR or sequencing and were 
extracted from patient records. MMR status 
was extracted from patients’ immunohisto-
chemistry (IHC) exams.

CT attenuation measurement of the liver and 
spleen: All CT scans were performed with sec-
ond-generation dual-source scanner (Statel: 
SOMATOM Definition AS and Sensation 16, 
Siemens Medical Solutions, Forchheim, Ger- 
many). Non-enhanced series of abdominal CT 
scan at disease diagnosis was used for mea-
surement, and the measuring strategy was in 
accordance to our previous research [21]. 
Briefly, regions of interest (ROIs) sizing 1 cm2 
were manually drawn at eight anatomical seg-
mentations of liver, avoiding blood vessels, bile 
duct and surface areas and the mean CT atten-
uation in Hounsfield unit (Hu) was calculated. 
ROIs were drawn at upper, middle and lower 

one third of spleen to get the mean spleen 
attenuation. Then, L/S ratio was defined as 
mean liver attenuation divided by mean spleen 
attenuation. Patients with L/S ratio lower than 
1.1 was identified as fatty liver. The repetitive 
images of steatosis and normal liver were in 
Figure S1. 

Calculation of liver fibrotic score: Hepatic fibro-
sis is typical in advanced-stage steatosis. Thus, 
the liver fibrotic score was also calculated for 
each patient. The NAFLD fibrotic scoring (NFS) 
system was as follow: 

1.675 0.037 0.094 1.13

0.99 0.013 0.66
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The cut-off value of -1.455 and 0.672 was used 
for differentiation of fibrotic levels [22, 23]. 

Statistical analysis: For binary variables, 
Pearson’s Chi-test was used. Student’s t-test 
was used to compare consecutive variables. 
Rank-sum-test was used for comparison bet- 
ween hierarchical variables. Univariate logistic 
regression was used to screen risk factors for 
metachronous CRLM and baseline information 
and variables presenting p-value of less than 
0.05 was included in multivariate logistic 
regression. To exclude the effect of collinearity 
on logistic regression, variables with strong cor-
relation, i.e. L/S ratio and NAFLD, NFS level and 
highly fibrotic liver, were not included in a single 
analysis. SPSS version 19.0 (SPSS Inc, Chicago, 
IL), R version 4.1.2 (R Foundation for Statistical 
Computing, Vienna, Austria) and Graphpad 
prism 9 were used in this study. Binary or hier-
archical variables were presented as number 
(percentage) whereas consecutive variables 
were presented as mean±SD or median with 
interquartile range (IQR) if not normally distrib-
uted. A p value of less than 0.05 was regarded 
as statistically significant.

Methods for systematic review and meta-
analysis

Data sources, searches, extraction, and quality 
assessment: We searched PubMed, Medline, 
Web of Science, Embase, Cochrane and Google 
Scholar for records concerning the association 
between liver steatosis and colorectal cancer 
metachronous liver metastasis. The last search 
update was on June 2023. The following terms 
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were used: (“Fatty liver” or “hepatic steatosis” 
or “steatohepatitis” or “non-alcoholic fatty liver 
disease” or “NAFLD” or “non-alcoholic steato-
hepatitis” or “NASH” or “fibrosis”) and (“colo- 
rectal cancer” or “colorectal carcinoma” or 
“colorectal neoplasm” or “colorectal tumor” or 
“colon tumor” or “colon cancer” or “rectal can-
cer” or “rectal tumor”) and (“liver metastasis”). 
After removing duplicates, records were sorted 
by type and were manually screened by title 
and abstract. The inclusion criteria were: (1) 
case-control or case-cohort study concerning 
hepatic steatosis and metachronous CRLM; (2) 
contained data for calculation of odds ratio 
(OR) and 95% confidence interval (CI); The 
exclusion criteria were: (1) missing relevant out-
comes; (2) studies concerning synchronous 
CRLM; (3) Duplicated data from a single center; 
(4) fibrotic liver unrelated to liver steatosis; (5) 
data not available. All eligible records were 
retrieved for full text for further evaluation. Our 
workflow was demonstrated in Figure S2. Then, 
all included studies were evaluated for research 
quality using a modified Newcastle-Ottawa 
Scale (NOS) available in Table S1.

Data synthesis and analysis: Lastly, all eligible 
studies with available data were analyzed for 
publication bias via Egger’s test and Begg’s 
test. And researches with significant publica-
tion bias would be excluded from further analy-
sis. The I2 value was used to evaluate data  
heterogeneities among studies included. For 
I2>50% and p-value <0.05, a significantly het-
erogeneous data pool was considered and sub-
ject to random effect model. Else, a fixed model 
was used. STATA version 12.0 (Stata Cor- 
poration, College Station, Texas, USA) were 
used for data processing.

Results

Characteristics of included patients with or 
without metachronous CRLM

During the inclusion period, 6309 patients 
were enrolled in the cohort, among whom 4264 
patients had stage I to III disease. After more 
than three years of follow-up, 273 CRC patients 
with metachronous CRLM were identified. In 
addition, 3868 cases of recurrence-free CRC 
patients were identified as the control group 
(Figure 1A). After PSM, 207 metachronous 
patients and 207 control patients with matched 
baseline information and disease stages were 
included for investigation (Figure 1B).

Consistent with the global epidemiology of 
CRC, in our dataset, around 74% of patients 
were men and 36% of patients were aged 70 or 
older (Table 1). In agreement with Asian popu-
lation characteristics, the rate of overweight 
was low. In terms of disease characteristics, 
70.3% of tumors were left-sided and 65.7% of 
patients had stage III disease. Noticeably, the 
tumor burden in the metachronous CRLM group 
was significantly higher compared to the con-
trol group (35.7% patients had T4 tumors, in 
contrast to 16.9% in the control group). In 
patients with available genetic information, the 
metachronous group had a higher rate of Ras-
mutation, while the rate of dMMR was not sta-
tistically different (Table 1). Strikingly, the 
metachronous CRLM group exhibited a signifi-
cantly higher incidence of steatosis (30.9% ver-
sus 15.9%, respectively, P<0.001) at CRC pre-
sentation. Further, we used NFS to determine 
the extent of liver fibrosis and the cutoff for 
stratification was consistent with published 
studies [22]. Interestingly, the rate of highly 
fibrotic liver was four-fold higher in the meta-
chronous group (Table 1, 11.6 versus 2.9%, 
P=0.001).

Hepatic steatosis was identified as a strong 
predictor for metachronous CRLM

Univariate logistic regression was used to 
explore correlations between patient charac-
teristics and the development of metachronous 
CRLM. Due to the nested case-matched study 
design, patients’ baseline information, tumor 
location and disease stage were not associat-
ed with metachronous CRLM, while T4 tumor 
was identified as a risk factor (Table S2). Higher 
albumin levels showed a minor protective 
effect. Liver steatosis and highly fibrotic liver 
were strong risk factors for metachronous 
CRLM. In multivariate logistic regression analy-
sis, liver steatosis (Figure 2 and Table S2, OR 
1.990, 95% CI 1.199-3.302, P<0.001), highly 
fibrotic liver (OR 4.269, 95% CI 1.543-11.810, 
P=0.005) and T4 tumor (OR 4.438, 95% CI 
1.056-18.647, P=0.042) were identified as 
independent risk factors for metachronous 
CRLM.

Hepatic steatosis is correlated with advanced 
tumor stages

Our previous preclinical studies and other 
tumor models have highlighted the modulatory 
effect of the primary tumor on distal organs, 
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Table 1. Clinical and pathological characteristics of included metachronous CRLM patients and 
matched non-metastatic patients

Characteristics
Total patiens Metachronous CRLM Non-metastatic

p-valueN/median  
value %/IQR N/median  

value %/IQR N/median  
value %/IQR

Total 414 100 207 100 207 100
Sex ratio (M:F) 74.6 75.4 73.9 0.821b

Age (years) >0.999a

    ≤70 265 64.0 133 64.3 132 63.8
    >70 149 36.0 74 35.7 75 36.2
Overweight 0.426a

    No 387 93.5 196 94.7 191 92.3
    Yes 27 6.5 11 5.3 16 7.7
Diabetes >0.999a

    No 351 84.8 175 84.5 176 85
    Yes 63 15.2 32 15.5 31 15
Location >0.999a

    Right 123 29.7 60 29 63 30.4
    Left 291 70.3 147 71 144 69.6
Disease stage 0.745c

    Stage I 32 7.7 18 8.7 14 6.8
    Stage II 110 26.6 54 26.1 56 27.1
    Stage III 272 65.7 135 65.2 137 66.2
T stage
    T1 11 2.7 3 1.4 8 3.9 <0.001*
    T2 39 9.4 15 7.2 24 11.6
    T3 255 61.6 115 55.6 140 67.6
    T4 109 26.3 74 35.7 35 16.9
N stage 0.577c

    N0 142 34.3 73 35.3 69 33.3
    N1 178 43.0 80 38.6 98 47.3
    N2 94 22.7 54 26.1 40 19.3
Ras status /
    Wild type 40 9.7 24 11.6 16 7.7
    Mutation 41 9.9 30 14.5 11 5.3
    Not available 333 80.4 153 73.9 18 87.0 
Braf status /
    Wild type 76 18.4 50 24.2 25 12.6
    Mutation 4 1.0 3 1.4 1 0.5
    Not available 334 80.7 154 74.4 180 87.0 
MMR status 0.058c

    pMMR 257 62.1 131 63.3 126 60.9
    dMMR 31 7.5 10 4.8 21 10.1
    Not available 126 30.4 66 31.9 60 29.0 
Platelet 227 182-278 223 185-276 227 179-279 0.407b

Total Bilirubin 11.4 8.5-14.9 11.2 8.4-14.1 11.5 8.5-15.2 0.945b

Direct Bilirubin 2.3 1.7-3.3 2.2 1.7-3.4 2.3 1.7-3.2 0.114b

Indirect Bilirubin 8.9 6.5-11.5 8.8 6.4-11.2 9 6.6-11.9 0.542b

ALT (U/L) 15 45251.0 14 11-21 14 11-21 0.858b

AST (U/L) 21 17-25 20 16-25 20 17-24 0.656b

Albumin (g/L) 40.3 36.4-43.1 39.9 35.3-43.2 40.4 36.8-42.8 0.029*,b

Total Bile Acid (umol/L) 3.2 1.7-5.3 3.3 1.9-5.4 3 1.5-5.1 0.067b

Total Cholesterol (mmol/L) 4.39 3.70-5.17 4.47 3.68-5.21 4.33 3.72-5.14 0.821b
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Triglyceride (mmol/L) 1.14 0.91-1.63 1.17 0.96-1.66 1.10 0.90-1.62 0.481b

HDL (mmol/L) 1.10 0.94-1.32 1.10 0.93-1.27 1.09 0.94-1.36 0.626b

LDL (mmol/L) 2.43 1.99-3.00 2.4 1.97-3.01 2.41 1.99-2.97 0.230b

L/S Ratio 1.20 1.11-1.30 1.17 1.08-1.27 1.23 1.15-1.32 <0.001*,b

NAFLD <0.001*,a

    No 317 76.6 143 69.1 174 84.1
    Yes 97 23.4 64 30.9 33 15.9
NFS level 0.391c

    Low 185 44.7 93 44.9 92 44.4
    Intermediate 199 48.1 90 43.5 109 52.7
    High 30 7.2 24 11.6 6 2.9
Highly fibrotic liver
    No 384 92.8 183 88.4 201 97.1 0.001*,a

    Yes 30 7.2 24 11.6 6 2.9
a: Pearson x2-test; b: Student’s t-test; c: Rank-sum test; *: Statistically significant. Categorical value was presented as N and (%), continuous 
value was presented as median value and (interquartile range [IQR]). CRLM: Colorectal cancer liver metastasis; ALT: Alanine transaminase; AST: 
Aspartate aminotransferase; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; NAFLD: Non-alcoholic fatty liver disease; NFS: NAFLD 
fibrosis score.

Figure 2. Logistic regression was used to determine the risk factors for metachronous colorectal liver metastasis. 
Multivariate logistic regression analysis of factors presenting p-value <0.1 during univariate logistic regression, and 
was adjusted with baseline characteristics and tumor location. OR: odds ratio; CI: confidence interval; *: statistically 
significant.
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including the liver. Therefore, we sought to 
explore the clinical evidence linking CRC ad- 
vancement and liver steatosis [19, 24]. Indeed, 
stage III patients displayed a significantly high-
er incidence of hepatic steatosis compared to 
early-stage CRC patients (Figure 3A). Inter- 
estingly, when patients were differentiated 
according to T stage, we found a significant 
negative correlation between tumor penetra-
tion depth and L/S ratio (Figure 3B, Pearson 
correlation -0.247, P<0.001). These results 
suggested a potential correlation between 
gross tumor stage, especially tumor invasion 
depth, and the development of hepatic 
steatosis.

Hepatic steatosis is identified as a risk factor 
for metachronous CRLM via systematic review

To further confirm the connection between liver 
steatosis and the development of metachro-
nous CRLM, we conducted a meta-analysis 
(schematics in Figure S2). Four studies were 
identified and the pooled data included both 
Eastern and Western populations (Table 2) [14-
17]. Two studies used L/S ratio on CT scans to 
identify liver steatosis, one study (Kondo et al. 
[16]) used NFS, and one study (Xi et al. [25]) 
used ultrasound. The quality scores ranged 
from five to eight (Table 2). In publication bias 
analysis, the study by Murino et al. [15] pre-

sented significant publication bias and was 
therefore excluded from further analysis 
(P=0.025, Figure 4A and 4B). Combining the 
remaining studies, the final data pool consisted 
of 1815 patients from four medical centers, 
among whom 285 patients were diagnosed 
with liver steatosis. No significant heterogene-
ity was identified in the final included studies, 
and a fixed effects model was adopted 
(I2=25.3%, P=0.260, Figure 4C). In the pooled 
data, hepatic steatosis remained a significant 
risk factor for metachronous CRLM compared 
to non-steatosis liver (Figure 4C, OR 1.90, 95% 
CI 1.35-2.66, P<0.001).

Discussion

In this study, we utilized the NCRCC database 
to conduct a nested case-control study and 
incorporated comprehensive genetic informa-
tion, pathological status, imaging features, 
serum markers and baseline information to 
investigate the risk factors for metachronous 
CRLM at primary tumor diagnosis. To preclude 
chemotherapy-induced liver pathology, the CT 
scans of treatment-naive patients were investi-
gated. The metachronous CRLM group had a 
significantly higher rate of hepatic steatosis at 
cancer diagnosis. In the subsequent analysis, 
liver steatosis and a high degree of liver fibrosis 
were identified as strong risk factors for meta-

Figure 3. A Positive correlation between hepatic steatosis and disease aggressiveness was observed. A: Patients 
were stratified by disease stages at colorectal cancer diagnosis. Fraction of patients presenting hepatic steatosis in 
each stage was calculated. Additionally, comparison was made between early stage (stage I and II) and advanced 
stage (stage III) patients; B: The violin plot of liver-spleen attenuation ratio in patients stratified by T stages. Dashed 
line represents the trend of median Liver-spleen ratio (L/S ratio) alteration with advancing T stages. Pearson cor-
relation test suggested a significant negative correlation between T stage and L/S ratio. *: p value <0.05; **: p 
value <0.01. 
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Table 2. Characteristics of studies included in the meta-analysis

ID Study Country Database Period Quality 
score

Sample size (Fatty 
liver/Normal liver)

Diagnostic 
method for 
fatty liver

Age (years) Male 
(%)

Overweight 
(%)

Tumor location 
(%)

Disease 
stage (n)

1 Besutti et al. 
[14]

Italy local population-based Cancer 
Registry and from the electronic 
medical records of all the Local 
Health Authority hospitals of the 
province

2010 to 2016 5 202 (60/142) L/S ratio 68±14 59 NA NA Stage II (77)

Stage III (125)

2 Murono et 
al. [15]a

Japan University of Tokyo Hospital 2004 to 2011 7 603 (63/540) L/S ratio 67±11 60.4 22.1 Colon (63.5) Stage I (160)

Rectum (36.5) Stage II (197)

Stage III (172)

3 Kondo et al. 
[16]

Japan Keio University Hospital 2000 to 2011 7 956 (73/876) NFS Fibrotic liver 
75.3±9.3

59.4 22.0 Right colon (35.3) Stage I (293)

Normal liver 
64.9±11.7

Left colon (42.7) Stage II (327)

Rectum (22.0) Stage III (333)

4 Xi et al. [17] China Renji Hospital, Shanghai Jiaotong 
University

1993 to 2002 5 243 (55/188) Ultrasound Fatty liver 
64±10.8

56.4 NA NA NA

Normal liver 
63±13.2

5 NCRCC 
database

China Sencond Affiliated Hospital of 
Zhejiang University School of 
Medicine

2012 to 2022 8 414 (97/317) L/S ratio 63.5±12.6 75.6 6.5 Right colon (29.7) Stage I (32)

Left colon b(70.3) Stage II (110)

Stage III (272)
a: Study with publication bias form Egger’s test; b: Rectum was included in the left colon in this study. L/S ratio: Liver-spleen ratio on CT scans; NFS: NAFLD fibrosis score; NCRCC: National Colorectal Cancer Cohort.
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chronous CRLM. The harmful effect of hepatic 
steatosis on the development of metachronous 
CRLM was further supported by our systematic 
review.

Past observational studies have suggested 
that patients with liver steatosis at CRC diagno-
sis have a greater tendency to develop meta-
chronous CRLM; however, none of these were 
case-matched studies and the conclusions 
were ambiguous [15-17]. The inconsistency in 
previous results could be due to unbalanced 
patient baseline characteristics, differences in 
tumor location, and suboptimal data quality 
(Table S2). Our present study is based on the 
NCRCC database, which is by far the largest 
CRC patient database in China. Therefore, our 
analysis included the full spectrum of disease 
information, imaging data, pathological reports, 

and baseline information which were gathered 
in a prospective manner. On top of that, the cur-
rent study adopted a nested case-matched 
design, minimizing confounding factors such as 
overweight, age-related liver steatosis, and 
tumor sidedness. Our study, in combination 
with others, provides substantial evidence or 
the role of hepatic steatosis on the onset and 
multiple outcomes of CRLM. For example, in 
the dataset of Lv et al. [26], fatty liver was 
reported to be the biggest risk factor for syn-
chronous CRLM, outcompeting elevated tumor 
markers and lymph node status. The altered 
liver milieu also impacts surgical outcomes  
of CRLM: our recent study showed that hepatic 
steatosis was associated with significantly 
worse recurrence-free survival compared to the 
non-steatotic control group [21]. Fatty liver also 
affects the results of systemic CRLM treat-

Figure 4. Funnel plot of studies identified in systematic research and forest plot of odds ratio (OR) for liver steato-
sis on metachronous colorectal liver metastasis (CRLM) by meta-analysis. A: Funnel plot of studies identified in 
systematic research. In all identified studies, one study presented significant publication bias via Egger’s test. B: 
Studies with no publication bias was selected for following analysis. C: No significant heterogeneity was identified in 
our database (National Colorectal Cancer Cohort, NCRCC) and other studies (I2<50%, P=0.260), and a fixed effect 
model was adopted for analysis. In pooled data, hepatic steatosis at cancer diagnosis was risk factor for developing 
metachronous CRLM (OR=1.90, 95% confidence intervals [CI] 1.35-2.66, P<0.001). 
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ment, as fatty liver can impair the detoxification 
of chemotherapy drugs, and thus potentially 
increase morbidity during chemotherapy or 
immunotherapy [27-29]. Moreover, the compro-
mised liver function resulting from hepatic ste-
atosis can result in dose delay, therapy read-
justment, and hospitalization in other cancer 
types [30, 31].

There is increasing preclinical evidence that 
CRC actively steers the liver towards steatosis 
to facilitate its colonization [19, 32]. Interes- 
tingly, our results also highlighted that patients 
with advanced-stage CRC (stage III) were prone 
to fatty liver, and the extent of steatosis showed 
significant correlation with T stages (Figure 3). 
In the majority of literatures investigating the 
potential link between CRLM and liver steato-
sis, the onset of gut tumors and histological 
changes in the liver were viewed as indepen-
dent factors. However, given that the carcino-
genesis of conventional CRC takes years if not 
decades, and that early-stage colorectal can-
cers are rarely symptomatic, the tumor would 
have a long-term influence on the liver to create 
pathological changes [33, 34]. This notion is 
reflected by our data and the study by Aktas et 
al., in which 105 non-metastatic CRC patients 
were matched with 94 patients with no history 
of cancer, and the liver densities of both groups 
on abdominal CT were measured. Interestingly, 
CRC-bearing patients showed significantly low- 
er liver densities compared to controls, sug-
gesting the presence of histological change 
towards fatty liver disease [35]. Consistently, 
Manzano et al. and Caldwell et al. also reported 
the accumulation of liver lipid and the presence 
of fibrosis in orthotopic cancer-bearing mouse 
models [36, 37].

Though cancer has long been advocated as  
a systemic disease, the mechanisms of the 
crosstalk between the primary tumor and tar-
get organs remain unclear, and little is known 
about how this interorgan communication facil-
itates tumor colonization. One potential mecha-
nism involves the diversity of factors that are 
actively shed by tumor cells into the circulation, 
including circular RNA (circRNA) and extracellu-
lar vesicles (EVs) encasing heat-shock proteins, 
miRNA, or fatty acids; these molecules may 
serve as messengers for inter-organ communi-
cation [19, 38-40]. While smaller molecules are 
less liver-targeted, we and others have report-
ed that tumor-shed EVs showed high organotro-

pism towards the liver and may be the key  
factor in liver metabolic remodeling [19, 41]. 
For instance, Silva et al. reported that tumor-
derived EVs enriched in macrophage migration 
inhibitory factor (MIF) were engulfed by liver 
macrophages, which then triggered fibrotic 
pathways in hepatic stellate cells and resulted 
in a pro-inflammatory milieu that supports 
tumor cell colonization [42]. Consistent with 
this notion, studies have reported increased 
liver metastasis in a mouse model of fatty liver 
injected with a colon cancer cell line. Further- 
more, tumor cells presented a more aggressive 
growth pattern in steatotic liver [43, 44]. One 
intriguing mechanism for this enhanced aggres-
siveness of CRLM in steatotic liver was recently 
elucidated by Wang et al., involving increased 
EV secretion from hepatocytes from fatty liver. 
These EVs fostered an immunosuppressive 
microenvironment and promoted oncogenic 
pathways in metastatic cells that ultimately 
resulted in tumor outgrowth [45]. Additionally, it 
is now known that metastatic tumor cells also 
undergo metabolic reprogramming and upregu-
late scavenger transporters to facilitate lipid 
uptake as well as increase fatty acid oxidation 
to support their survival and migration [46-48]. 
Thus, the steatotic liver becomes the “fertile 
crescent” for the migrating tumor cells. In short, 
our data support the theory that the tumor 
itself may actively remodel target organ to cre-
ate a more favorable premetastatic niche, while 
hijacking liver’s metabolic capability to facili-
tate its own colonization process. However, 
clinical evidence on the close relationship 
between fatty liver and CRLM remains limited, 
and there is a clear and urgent need for more 
clinical studies.

The current study has its limitations. Firstly, in 
relation to our meta-analysis, studies regarding 
liver steatosis and metachronous CRLM were 
few and inter-study publication bias was found. 
Secondly, due to missing data concerning the 
Ras and Braf status of the patients, a direct 
comparison to study the effect of primary tumor 
genetics on liver steatosis was not feasible. 
Nevertheless, the metachronous CRLM group 
seemed to present a relatively higher incidence 
of Ras-mutation (Table 1).

Conclusion

In this nested case-matched study, we report-
ed that liver steatosis and high levels of hepatic 
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fibrosis at disease diagnosis were risk factors 
for the development of metachronous CRLM. 
The adverse effect of fatty liver on CRLM was 
verified via systematic review.
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Figure S1. Representative image of fatty liver and normal liver. A: A representative image of liver steatosis (liver-
spleen ratio [L/S]=0.83) from a male patient aged 68 with normal body-mass-index (BMI) at colorectal cancer 
diagnosis; B: A representative image of normal liver (L/S=1.37) from sex, age and BMI-matched patient at disease 
diagnosis. Hu: Hounsfield unit.

Figure S2. Flow chart of publication records searching, content screening and data extraction process.
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Table S1. Scale for quality assessment
Criteria Score
Representativeness of cases
    Consecutive/randomly recruitment from case population 2
    No method of selection stated 0
Ascertainment of fatty liver disease
    Histological confirmation at the Department of Pathology 2
    Radiological or serum markers 1
    Not described 0
Representativeness of controls
    Consecutive/randomly recruitment from the same sampling 1
    No method of selection stated 0
Comparability of case and control
    Propensity-matched according to baseline information 2
    No matching methods applied 1
    Not described 0
Comprehensive baseline information
    Provided 1
    Not provided 0
Sample size
    ≥500 1
    <500 0
Genotyping examination
    Described in results 1
    Not described 0
Total score 10
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Table S2. Univariate and multivariate logistic regression analysis to determine predictive factors for 
metachronous CRLM

Characteristics
Univariate regression Multivariate regression

OR 95% CI P OR 95% CI P
Sex 0.735 0.698
    Male Ref. Ref.
    Female 1.080 0.693-1.681 1.098 0.684-1.763
Age (years) 0.918 0.244 
    ≤70 Ref. Ref.
    >70 0.979 0.655-1.463 0.758 0.476-1.207
Overweight 0.322 0.382
    No Ref. Ref.
    Yes 0.670 0.303-1.481 0.642 0.272-1.514
Diabetes 0.891 0.555
    No Ref. Ref.
    Yes 1.038 0.607-1.775 0.832 0.452-1.532
Location 0.747 0.594
    Right Ref. Ref.
    Left 1.072 0.703-1.634 1.131 0.720-1.777
Disease stage
    Stage I Ref.
    Stage II 0.750 0.340-1.656 0.477
    Stage III 0.766 0.366-1.603 0.480 
T stage 0.008
    T1 Ref. Ref.
    T2 1.667 0.381-7.288 0.497 1.806 0.391-8.338 0.449
    T3 2.190 0.568-8.447 0.255 2.012 0.500-8.092 0.325
    T4 5.638 1.409-22.557 0.014* 4.438 1.056-18.647 0.042*
N stage
    N0 Ref.
    N1 0.772 0.496-1.201 0.250 
    N2 1.276 0.755-2.157 0.363
Platelet 1.001 0.999-1.003 0.407
Total Bilirubin 1.001 0.972-1.031 0.945
Direct Bilirubin 1.077 0.978-1.187 0.133
Indirect Bilirubin 0.988 0.950-1.028 0.541
ALT (U/L) 0.999 0.985-1.012 0.858
AST (U/L) 0.996 0.979-1.013 0.656
Alb (g/L) 0.957 0.922-0.994 0.022* 0.964 0.924-1.006 0.089
Total Bile Acid (umol/L) 1.038 0.996-1.082 0.075 1.038 0.992-1.087 0.107
Total Cholesterol (mmol/L) 1.021 0.855-1.218 0.820
Triglyceride (mmol/L) 0.978 0.915-1.047 0.526
HDL (mmol/L) 0.858 0.464-1.586 0.625
LDL (mmol/L) 1.100 0.909-1.332 0.327
L/S Ratio 0.090 0.022-0.360 0.001*
NAFLD <0.001* 0.008*
    No Ref. Ref.
    Yes 2.360 1.468-3.794 1.990 1.199-3.302
NFS level
    Low Ref.
    Intermediate 0.835 0.560-1.246 0.377
    High 3.627 1.406-9.356 0.008*
Highly fibrotic liver 0.02*
    No Ref. Ref. 0.005*
    Yes 4.393 1.757-10.989 4.269 1.543-11.810
*: Statistically significant. CRLM: Colorectal cancer liver metastasis; OR: Odds ratio; CI: Confidence interval; Ref: Reference; ALT: Alanine trans-
aminase; AST: Aspartate aminotransferase; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; L/S ratio: Liver-spleen ratio; NAFLD: 
Non-alcoholic fatty liver disease; NFS: NAFLD fibrosis score.


