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ABSTRACT
Background: Visceral obesity (VO), associated with excessive visceral adipose tissue (VAT), has been extensively studied in 
cancer. However, whether low VAT can predict the prognosis of colorectal liver metastases (CRLM) undergoing neoadjuvant 
chemotherapy (NAC) remains unknown.
Methods: This multicentre real- world cohort study analysed data from initially resectable CRLM patients who received NAC. 
The predictive effect of VAT on progression- free survival (PFS) and overall survival (OS) was evaluated using restricted cubic 
splines (RCS). VAT was categorized into low/normal VAT and VO groups using X- tile. The prognostic differences were further 
assessed through Kaplan–Meier (KM) analysis. The impact of changes in VAT (ΔVAT) after NAC was evaluated.
Results: Among 1524 CRLM patients, 1105 patients (72.51%) were under 65 years old, with a median VAT of 84.00 (36.24–148.00) 
cm2. Of all patients, 804 (52.76%) were female. A U- shaped nonlinear relationship was observed between VAT and both PFS/OS 
(p < 0.001). Compared with the normal VAT, both low VAT and VO groups showed worsened PFS and OS (p < 0.05). The 3- year 
PFS rate was 31.6%, 69.0% and 42.0% in the low, normal VAT and VO groups (p < 0.05). The 3- year OS rate was 76.4%, 88.9% and 
79.4% in the low, normal VAT and VO groups (p < 0.05). There was also a nonlinear relationship between VAT and NAC- related 
adverse events, objective response rate and postoperative complications (p < 0.001). An increase in ΔVAT in the low VAT group 
was associated with better PFS and OS (p < 0.05). In the VO group, both increases and decreases in ΔVAT were associated with 
worsened PFS and OS (p < 0.05).
Conclusions: This study is the first to reveal that low VAT and VO can predict PFS and OS in CRLM patients undergoing NAC. 
Baseline VAT and ΔVAT may serve as important indicators for risk stratification and personalized treatment in CRLM patients.
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1   |   Introduction

The incidence of colorectal cancer (CRC) is increasing annually, 
and mortality rate remains high [1]. Colorectal liver metastasis 
(CRLM) occurs in more than half of CRC, significantly worsen-
ing long- term prognosis [2]. Hepatectomy is the only potentially 
curative treatment for CRLM, yet the high postoperative recur-
rence rate poses a clinical challenge in improving the prognosis 
of initially resectable CRLM patients.

Neoadjuvant chemotherapy (NAC) is a crucial component of 
treatment strategies for CRLM. The use of chemotherapy before 
surgery aims to reduce tumour size, increase resectability and 
assess the sensitivity to chemotherapy [3, 4]. Currently, NAC im-
proves progression- free survival (PFS) in CRLM but has no effect 
on overall survival (OS) [5]. Additionally, significant individual 
variability exists among CRLM patients, with some experienc-
ing disease progression or chemotherapy- related liver injury 
during NAC, thereby losing the chance of cure. Developing new 
predictive methods to efficiently and conveniently identify spe-
cific CRLM populations that may benefit from NAC is essential 
for personalized treatment.

The predictive efficiency of body composition on cancer has 
gained increasing recognition [6, 7]. Traditionally, BMI has 
been used to assess obesity. However, a certain proportion of 
high- BMI patients exhibit metabolic health with low levels of 
adipose tissue, a phenomenon known as the obesity paradox. 
As research into human body composition deepens, it is now 
widely accepted that BMI does not accurately represent body 
fat content [8]. As the key component of body composition, vis-
ceral obesity (VO) caused by excessive visceral adipose tissue 
(VAT) has been extensively studied in promoting cancer [9, 10]. 
VAT has emerged as a crucial factor in the complex landscape 
of cancer research. VAT may be a novel and non- invasive way 
to identify aggressive renal tumour patients [11]. Increased 
VAT is linked to the higher risk of developing various cancers 
[12]. Understanding the multifaceted role of VAT in cancer is 
essential for unravelling the complex mechanisms underlying 
cancer development and for identifying potential therapeutic 
targets. However, previous studies have simply classified VAT 
into VO and non- VO categories, overlooking the impact of low 
VAT on cancer prognosis [13, 14]. Some research has shown 
that a low BMI is linked to higher rates of tumour progression 
and an elevated risk of mortality in CRC [15]. It is important to 
note that VAT is the tissue with both immune and nutritional 
functions. Currently, research on the impact of low VAT on 
cancer is limited, highlighting the need for precise subdivision 
of VAT values to better understand the predictive role in NAC- 
treated CRLM.

It remains unclear whether baseline VAT affects the response to 
NAC, postoperative complications and long- term prognosis in 
CRLM patients and whether changes in VAT (ΔVAT) after NAC 
influence prognosis. Abdominal imaging, including computed 
tomography (CT), is routinely used to evaluate CRLM during 
NAC. This study aims to explore whether VAT can predict the 
outcomes of CRLM patients undergoing NAC. The goal is to 
provide more valuable predictive indicators for personalized 
treatment.

2   |   Materials and Methods

2.1   |   Grouping and Study Population

This study collected and analysed baseline, chemotherapy, sur-
gical and prognosis data from the multicentre real- world cohort 
of CRLM patients treated with NAC. Patients with initially re-
sectable CRLM were analysed from five tertiary medical cen-
tres: Fujian Provincial Hospital, the First Affiliated Hospital 
of Fujian Medical University, Zhejiang Provincial People's 
Hospital, Hangzhou Red Cross Hospital and Putian First 
Hospital, between January 2010 and January 2020. The patients 
enrolled in this study had undergone a minimum of two cycles 
of NAC. Initial resectability was assessed by a multidisciplinary 
team (MDT). The ethics committees of the five tertiary medical 
centres approved this multicentre study.

Inclusion criteria were as follows: (1) age ≥ 18 years; (2) histologi-
cally confirmed CRLM; (3) MDT determination that the primary 
tumour was resected or resectable, and liver metastases were re-
sectable; (4) abdominal CT scans before NAC and surgery; (5) re-
ceived NAC combined with curative surgery; and (6) intact major 
organ function. Exclusion criteria were as follows: (1) fewer than 
two cycles of NAC; (2) history of malignancy other than CRC; 
(3) presence of extrahepatic metastases; (4) emergency surgery; 
(5) missing key data such as CT scans; and (6) loss to follow- up.

2.2   |   Comprehensive Treatment Procedure 
and Follow- Up

Following relevant guidelines, the MDT provided standardized 
treatment plans for all initially resectable CRLM patients. The 
MDT and patients jointly considered various factors (e.g., ad-
verse prognostic factors and patient physical condition) in de-
ciding on chemotherapy regimens. The five included tertiary 
medical centres employed classic NAC regimens (CapeOX, 
mFOLFOX6, FOLFIRI and FOLFOXIRI). Considering poten-
tial chemotherapy- related liver damage, NAC were limited to 
six cycles or 3 months [16]. The response to chemotherapy was 
evaluated via CT during NAC. After NAC, a repeat CT scan was 
used to reassess liver metastases. Based on comprehensive eval-
uation by the MDT, patients underwent curative surgery by ex-
perienced surgical teams.

Follow- up for CRLM patients was conducted through tele-
phone, outpatient visits and hospital record systems. In brief, 
all CRLM patients underwent postoperative carcinoembryonic 
antigen (CEA) and imaging (including chest CT, abdominal 
ultrasound and abdominal- pelvic CT). Annual endoscopy was 
recommended postoperatively. The follow- up procedures at the 
five tertiary medical centres adhered to international guidelines 
and consensus.

2.3   |   Measurement of VAT

This study collected baseline (pre- NAC) and post- NAC CT im-
ages, using classic CT scanning techniques to measure VAT. 
Specifically, two radiologists and hepatobiliary surgeons, 
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blinded to patient information, delineated VAT at the L3 on CT 
images, an area representative of overall body composition [17]. 
Using VAT at L3 for analysis has been a common and standard 
method in many classical studies [18, 19]. The average value from 
the two analysts was used in subsequent analyses. If there was 
a significant discrepancy between the two researchers, a third 
researcher was involved to reassess. VAT was defined within 
the range of −150 to −50 Hounsfield Unit (HU). These analyses 
were supported by SliceOmatic, version 5.0 (Tomo Vision) [20], 
a validated method for precise assessment of VAT.

2.4   |   Study Endpoints and Related Definitions

The primary endpoints were the association between baseline 
VAT and 3- year OS and PFS in CRLM patients. Secondary end-
points included the relationship between baseline VAT and 
objective response rate (ORR), chemotherapy- related adverse 
events (AEs), postoperative complications and the impact of 
post- NAC changes in VAT (ΔVAT) on prognosis.

NAC was defined as receiving chemotherapy according to 
the MDT before local cure treatment (CapeOX, mFOLFOX6, 
FOLFIRI and FOLFOCIRI were included in this study) [21]. 
ΔVAT % was defined as the percentage change in VAT before 
and after NAC. Initial resectability was determined by the MDT 
based on patient condition, the possibility of curative resection 
of all liver metastases and the preservation of sufficient func-
tional liver tissue post- surgery. PFS was defined as the time from 
the start of NAC to disease recurrence or death in initially re-
sectable CRLM patients. OS was defined as the time from the 
start of NAC to death or the censored. NAC- related AEs were 
assessed and managed according to the Common Terminology 
Criteria for Adverse Events (CTCAE) version 5.0 [22]. Only 
grade 3 or higher AEs were recorded because of the nature of 
retrospective study. Postoperative complications were graded 
using the Clavien–Dindo (CD) classification system. The re-
sponse of CRLM to NAC was evaluated according to RECIST 1.1 
criteria. R0 resection was defined as complete tumour resection 
with negative pathological margins. The staging, chemotherapy 
response and VAT of CRLM were assessed by radiologists and 
hepatobiliary surgeons. Based on the literature [13, 23, 24], the 
results from RCS and X- Tile (see the results section for details), 
we defined VAT > 100 cm2 as the VO group. VAT ≤ 19 cm2 was 
defined as the low VAT group (N = 251), VAT between 19 and 
100 cm2 as the normal VAT group (N = 659) and VAT > 100 cm2 
as the VO group (N = 614).

2.5   |   Statistical Analysis

In statistical models, treating VAT as a binary variable could 
force the risk of outcomes to be uniform within a VAT category, 
leading to discontinuities in prognostic risk between different 
categories. We introduced the new concept of low VAT and an-
alysed it as a continuous variable. Other prognostic factors were 
stratified in Cox proportional hazards and logistic regression 
models. These factors included baseline age, gender, Eastern 
Cooperative Oncology Group Performance Status (ECOG- PS), 
T stage and lymph node stage of the primary tumour, baseline 
CEA levels, maximum liver metastasis diameter, pathological 

grade, synchronous metastases, NAC regimen, NAC cycles and 
the number of liver metastases. The study used restricted cubic 
splines (RCS) to visually assess the relationship between hazard 
ratios (HRs), odds ratios (ORs) and VAT (with five knots) in di-
agnostic (logistic regression) and prognostic (Cox proportional 
hazards) models [15]. In summary, we evaluated the impact of 
VAT on PFS, OS and other secondary outcomes by integrating 
various prognostic factors in univariate and multivariate models 
(Cox proportional hazards model and logistic regression model). 
We applied the proportional hazards assumption (PH) and vari-
ance inflation factor (VIF) to assess the model's validity and 
check for multicollinearity. RCS were used to visually assess the 
relationship between VAT and various outcomes, considering 
both clinical significance and potential nonlinearity.

Continuous variables were presented as mean ± standard devi-
ation if normally distributed, or if not as median (interquartile 
range). After determining the impact of VAT on prognosis via 
RCS analysis, VAT was categorized into low VAT, normal VAT 
and VO groups. The analysis methods are detailed in the results 
section, combining RCS and X- tile. The optimal cut- off values 
of VAT were determined using X- tile (Version 3.6.1, USA) [25]. 
Kaplan–Meier (KM) analysis was used to visually assess the im-
pact of VAT on PFS and OS in CRLM patients across the three 
groups. A p- value of less than 0.05 was considered statistically 
significant. R (version 4.2.1), survival [3.3.1], rms [6.4.0], gg-
plot2 [3.3.6] and plotRCS [0.1.3] were used for RCS analysis. KM 
survival analysis and Wilcoxon rank sum tests were performed 
using SPSS software (version 26, SPSS Inc., Chicago, IL, USA). 
The first author was responsible for the statistics.

3   |   Results

3.1   |   Clinicopathological Characteristics

Our multicentre real- world cohort study retrospectively col-
lected and analysed data from 3116 CRLM patients across five 
medical centres between January 2010 and January 2020. After 
excluding patients who did not receive NAC, those with initially 
unresectable CRLM, those who did not undergo hepatectomy 
after NAC and so on, a total of 1524 initially resectable CRLM 
patients were included in the final cohort (Figure  1). All pa-
tients received NAC combined with hepatectomy, with primary 
lesion resection combined with hepatectomy being allowed. 
Additionally, complete CT scan data before NAC and before sur-
gery were available for all patients. In the overall cohort, 1105 
patients (72.51%) were under 65 years old, with a median BMI 
of 24.29 (20.71–28.05) kg/m2, and the median VAT was 84.00 
(36.24–148.00) cm2 (Table 1).

3.2   |   Chemotherapy and Pathological Information

All patients with initially resectable CRLM completed at least 
two cycles of NAC. In the overall cohort, 48.49% of patients re-
ceived Cape OX, 31.96% received mFOLFOX6, 9.97% received 
FOLFIRI and 9.58% received FOLFOXIRI (Table 2). The median 
cycles of NAC were 5.00 (4.00–6.00). The ORR of CRLM to NAC 
was 52.62%. The rate of good and moderate histological grading 
was 52.56%. The non- R0 resection rate was 6.30%. A total of 779 
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patients (51.11%) did not receive adjuvant chemotherapy post-
operatively. The median cycles of adjuvant chemotherapy were 
5.00 (3.00–7.00).

3.3   |   Perioperative Information

All patients underwent radical hepatectomy (Table 3). A total 
of 402 patients (26.38%) with initially resectable CRLM un-
derwent synchronous radical resection of the primary tumour 
combined with radical hepatectomy. The mean operative time 
for all patients was 174.53 ± 50.08 min, the median intraopera-
tive blood loss was 360.00 (220.25–499.00) mL, and the length 
of postoperative hospital stay (LOS) was 8.45 ± 2.86 days. The 
overall postoperative complication in CRLM patients was 
23.10%, with CD grade III–V complications occurring in 86 
patients (5.64%).

3.4   |   Analysis of VAT and △VAT on Prognosis

As of December 2023, the median follow- up time for the 1524 
initially resectable CRLM patients was 38.0 (28.00–53.00) 

months. A total of 840 CRLM patients (55.12%) experienced re-
currence or metastasis, and 490 patients (32.15%) died. We first 
used RCS curves to show the correlation between baseline VAT 
and both PFS/OS in CRLM patients undergoing NAC combined 
with hepatectomy. We found that the RCS curves of baseline 
VAT with PFS and OS both followed a U- shaped risk trajectory 
(Figure 2). There was a nonlinear relationship between VAT and 
both PFS/OS (p nonlinear < 0.001), and the overall model was 
significant (p overall < 0.001).

After establishing the correlation between baseline VAT and 
long- term prognosis, we further explored the relationship be-
tween baseline VAT and short- term prognosis. We found no 
correlation between baseline VAT and R0 resection (p overall 
> 0.05) (Figure 3A). However, there was a nonlinear relationship 
between baseline VAT and NAC- related AEs, ORR and post-
operative complications (p nonlinear < 0.001), and the overall 
model was significant (p overall < 0.001) (Figure 3B–D).

Because of the considerable variability in baseline VAT among 
different patients, it would be scientifically inappropriate to 
analyse the prognostic impact of post- NAC changes in VAT 
(△VAT) without stratification. Moreover, after confirming the 

FIGURE 1    |    Flow chart of this research. CRLM: colorectal liver metastasis; NAC: neoadjuvant chemotherapy; RCS: restricted cubic spline; KM: 
Kaplan–Meier.
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TABLE 1    |    Baseline characteristics of the including CRLM patients.

Variables

All patients

No. %

N 1524

Age (years)

< 65 1105 72.51

≥ 65 419 27.49

Baseline BMI (kg/m2) 24.29 (20.71–28.05)

Baseline VAT (cm2) 84.00 (36.24–148.00)

Gender

Female 804 52.76

Male 720 47.24

ECOG

0–1 1157 75.92

2–3 367 24.08

Location of primary 
cancer

Rectum 693 45.47

Colon 831 54.53

T stage of primary 
tumour

T1–T2 558 36.61

T3–T4 966 63.39

LN metastasis of 
primary tumour

N0 638 41.86

N+ 886 58.14

Timing of metastasis

Metachronous 870 57.09

Synchronous 654 42.91

CEA at diagnosis, ng/
mL

≤ 200 1321 86.68

> 200 203 13.32

Number of liver 
metastases

= 1 722 47.38

≥ 2 802 52.62

Largest diameter (cm)

< 5 1028 67.45

≥ 5 496 32.55

Abbreviations: CEA: carcinoembryonic antigen; ECOG PS: Eastern Cooperative 
Oncology Group Performance Status; LN: lymph node;

TABLE 2    |    Chemotherapy and pathological outcomes of CRLM 
patients.

Variables

All patients

No. %

NAC regimen

CapeOX 739 48.49

mFOLFOX6 487 31.96

FOLFIRI 152 9.97

FOLFOXIRI 146 9.58

NAC cycles 5.00 (4.00–6.00)

Response to NAC

CR + PR 802 52.62

SD + PD 722 47.38

Histological grade

Well- moderate 801 52.56

Poorly undifferentiated 723 47.44

Resection status

R0 1428 93.70

R1 + R2 96 6.30

Postoperative chemotherapy

Yes 745 48.88

No 779 51.11

Postoperative chemotherapy 
cycles

5.00 (3.00–7.00)

Abbreviations: CR: complete response; PD: progressive disease; PR: partial 
response; SD: stable disease.

TABLE 3    |    Perioperative outcomes of CRLM patients.

Variables

All patients

No. %

Simultaneous resection of 
CRC and liver metastasis; N 
(%)

402 26.38

Operative time (min) 174.53 ± 50.08

Intraoperative blood loss (mL) 360.00 
(220.25–499.00)

LOS (days) 8.45 ± 2.86

Postoperative complications; 
N (%)a

352 23.10

Major complications (Clavien 
III–V); N (%)

86 5.64

Abbreviation: LOS: length of hospital stay.
aAccording to the Clavien–Dindo classification.
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nonlinear relationship between VAT and PFS/OS, simply di-
viding VAT into two groups would not be statistically sound. 
Therefore, we divided VAT into three groups: VO group, nor-
mal VAT group and low VAT group. There was no consensus on 
the specific cut- off point for VO in previous literature (100 cm2 
or 130 cm2) [13, 23, 24]. Based on the results from the literature 
and RCS (Figures 2 and 3), we defined VAT > 100 cm2 as the VO 
group. We used X- Tile to calculate the optimal cut- off value for 
VAT ≤ 100 cm2, finding that VAT = 19 cm2 significantly distin-
guished low VAT from normal VAT (Figure S1). Therefore, VAT 
≤ 19 cm2 was defined as the low VAT group (N = 251), VAT be-
tween 19 and 100 cm2 as the normal VAT group (N = 659) and 
VAT > 100 cm2 as the VO group (N = 614).

We performed KM analysis on the three groups. The median PFS 
for the overall cohort was 38.00 months, with 28.00 months in 
the low VAT group, 59.00 months in the normal VAT group and 
34.00 months in the VO group (Figure 4A) (Log- rank; p < 0.001). 
The 3- year PFS rate was 31.6% in the low VAT, 69.0% in the nor-
mal VAT and 42.0% in the VO. The median OS for the overall co-
hort was 65.00 months, with 61.00 months in the low VAT group, 
78.00 months in the normal VAT group and 59.00 months in the 
VO group (Figure 4B) (Log- rank; p < 0.001). The 3- year OS rate 
was 76.4% in the low VAT group, 88.9% in the normal VAT group 
and 79.4% in the VO group.

After NAC treatment of CRLM, the VAT of the overall co-
hort was 73.00 (31.00–145.00) cm2, with an average decrease 
of 2.64 ± 16.90% compared with pre- NAC levels (p = 0.263). 
Figure 5A,B show that in the low VAT group, △VAT had a non-
linear relationship with PFS (p nonlinear < 0.001), and a linear 
relationship with OS (p nonlinear > 0.05). In the normal VAT 
group, there was no correlation between △VAT and PFS or OS 
(p overall > 0.05) (Figure  5C,D). In the VO group, △VAT had 

a nonlinear relationship with both PFS and OS (p nonlinear 
< 0.001) (Figure 5E,F).

4   |   Discussion

This study, based on a multicentre real- world cohort of 1524 pa-
tients with initially resectable CRLM, is the first to discover a U- 
shaped relationship between baseline VAT and both PFS/OS of 
CRLM patients undergoing NAC combined with hepatectomy. 
We introduce the novel concept of low VAT and demonstrate 
that patients with low VAT or VO have worse PFS and OS com-
pared with those with normal VAT levels. Furthermore, changes 
in VAT following NAC differentially impact outcomes depend-
ing on the baseline VAT levels. These findings underscore the 
potential predictive role of VAT in this specific patient popula-
tion and support including VAT as a component of personalized 
treatment strategies.

VAT has emerged as an important research focus in cancer 
[26]. VAT is not merely an organ for fat storage but also plays 
immunoregulatory and metabolic roles, significantly influenc-
ing development, progression and treatment response of cancer 
[27, 28]. The significant differences in response to NAC among 
CRLM patients highlight the need for new predictive methods to 
efficiently and conveniently identify those most likely to benefit 
from NAC. This study advances previous research by introduc-
ing the concept of low VAT. We confirm that the relationship 
between VAT and CRLM prognosis is not linear, consistent 
with recent findings [8]. The body roundness index in a study 
of 32 995 US adults was found to have a U- shaped association 
with all- cause mortality, further supporting our findings [8]. 
However, our study focuses on a unique population—CRLM pa-
tients undergoing NAC combined with hepatectomy. Compared 

FIGURE 2    |    RCS (multivariate model) was used to analyse the relationship between VAT and OS/PFS. A showed a nonlinear relationship between 
PFS and VAT; B showed a nonlinear relationship between OS and VAT. RCS: restricted cubic spline; VAT: visceral adipose tissue.
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with the body roundness index, VAT is simpler and quicker to 
assess.

A data analysis of 21 149 CRC patients found that those with 
low BMI had the highest risk of disease progression and death 
[15], similar to our findings. For the first time, we identify the 
predictive role of low VAT in cancer patients undergoing NAC. 
Interestingly, excessively high BMI did not lead to disease pro-
gression [15], possibly explained by the obesity paradox [29]. 
This further confirms that VAT is a more accurate predictor 
of VO than BMI. The reasons for the poor prognosis in CRLM 

patients with low VAT are multifaceted, involving metabolic, 
immune and nutritional factors. These include the following: 
(1) VAT provides nutritional support [30]. Low VAT may lead 
to AEs during chemotherapy and weaken recovery ability, thus 
affecting prognosis (Figure 3). (2) The rich immune cells in VAT 
influence immune responses [31–33]. The low VAT may impair 
immune function, reducing the ability to fight infections and 
other complications. Low VAT can potentially be an indicator 
of malnutrition/decreased appetite. Malnutrition often associ-
ated with decreased appetite can lead to a state of chronic in-
flammation and impaired immune function [34]. Patients with 

FIGURE 3    |    RCS (multivariate model) was used to analyse the relationship between VAT and secondary endpoint. A showed no relationship 
between R0 resection margin and VAT; B showed a nonlinear relationship between NAC- related AEs and VAT; C showed a nonlinear relationship 
between ORR and VAT; D showed a nonlinear relationship between postoperative complications and VAT. RCS: restricted cubic spline; VAT: visceral 
adipose tissue; AEs: adverse events; ORR: objective response rate.
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low protein intake may have reduced levels of immunoglobu-
lins, which are crucial for fighting infections. In the context of 
CRLM, a weakened immune system may be less effective in 
controlling tumour growth and progression. Malnutrition can 
disrupt normal metabolic pathways, leading to reduced energy 
availability for the body to respond to chemotherapy. Moreover, 
a weakened immune system may create a tumour microenvi-
ronment more conducive to cancer cell growth and metastasis. 
Subsequent analyses also found that low VAT was associated 
with poorer chemotherapy response and more postoperative 
complications (Figure  3). (3) Adipocytes and immune cells in 
VAT secrete various cytokines [32, 35]. Under normal levels, 
anti- inflammatory factors help maintain immune system bal-
ance. When VAT is too low, this balance may be disrupted, lead-
ing to a lack of sufficient anti- inflammatory response. (4) Low 
VAT is often accompanied by muscle loss [36]. The imbalance 
in body composition can weaken the ability to cope with chemo-
therapy and surgical stress. The potential mechanisms behind 
the poor prognosis in cancer patients with low VAT are complex, 
suggesting that attention should be paid not only to the risks of 
VO but also to the risks associated with excessively low VAT 
during cancer treatment. Clinicians should take active mea-
sures to improve the nutritional and immune status of low VAT 
patients. Additionally, this suggests that VAT could be included 
in malnutrition assessments [30]. Although the sample size of 
our study was sufficient to evaluate the optimal cut- off value for 
low VAT, further research is required to determine whether this 
threshold is applicable to other types of cancer.

The immunological, nutritional and metabolic functions of VAT 
explain why both extremes of VAT levels lead to poor outcomes 
in CRLM patients. As a global public health issue, VO increases 
the risk of developing CRC [37]. VO is associated not only with 
the increased risk of various metabolic diseases [38, 39] but 
also with the prognosis of CRC patients by regulating hormone 
levels, chronic inflammation and driving cytokine production 
[23, 40–42]. Unlike CRC, CRLM patients have a higher tumour 
burden and worse oncological behaviour, making the predic-
tive role of VO in NAC for CRLM particularly significant. Our 

study reaffirms that VO worsens CRLM prognosis, consistent 
with previous research findings [13, 14, 23]. This is also the first 
time this has been confirmed in CRLM patients undergoing 
NAC. Chronic inflammation, insulin resistance, immune dys-
regulation and oxidative stress caused by VO may contribute to 
insensitivity of NAC and tumour progression in CRLM [43, 44]. 
These highlight the critical role of optimal body composition 
in cancer prognosis. Adjusting body composition to an optimal 
ratio before treatment could enhance the ability to cope with 
chemotherapy and surgical stress. In addition, there are cur-
rently automated whole- body composition calculators available 
in the CT industry [45], especially with the help of AI. Future 
RCT studies should consider the use of these automated whole- 
body composition calculators.

Unlike other studies that have examined the relationship be-
tween body composition and cancer, this study observes the im-
pact of △VAT on prognosis after grouping patients by baseline 
VAT, aligning with the concept of personalized treatment and 
precision medicine [46]. Monitoring ΔVAT during treatment 
through abdominal imaging is convenient. We observed that 
ΔVAT had different effects on prognosis across different VAT 
groups, further emphasizing the importance of considering VAT 
as a dynamic marker. For VO patients, both increases and de-
creases in ΔVAT worsened prognosis, a complex phenomenon 
involving multiple physiological and metabolic mechanisms. 
VAT increase may exacerbate obesity- related pro- tumour mech-
anisms. Studies have found that breast cancer patients who 
gained ≥ 10% visceral adipose tissue had significantly worse 
PFS than those who gained < 10% (50). Additionally, for the VO 
group, loss of VAT may be related to malnutrition and loss of 
body reserves. This may suggest that body composition may have 
varying roles at different clinical stages of cancer (50), with spe-
cific mechanisms requiring further investigation. Maintaining 
metabolic stability, optimizing nutritional support and precisely 
managing body weight and composition during treatment are 
crucial. In contrast, in patients with low VAT, prognosis grad-
ually improved as ΔVAT increased, reflecting an improvement 
in their nutritional status, energy reserves and overall health. 

FIGURE 4    |    KM survival curve of PFS and OS. A was PFS, and B was OS.
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FIGURE 5    |     Legend on next page.
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For the normal VAT, changes in ΔVAT did not alter prognosis, 
suggesting that individuals in optimal body condition can with-
stand the dual stress of chemotherapy and surgery. This supports 
the inclusion of VAT in personalized medicine and highlights 
the importance of adjusting VAT to an optimal level before 
treatment. These underscore the potential of VAT as a tool for 
refining CRLM risk stratification and individualized treatment 
strategies. Furthermore, changes in ΔVAT during NAC may 
have prognostic value, indicating that dynamic monitoring of 
VAT could be valuable in developing treatment plans. Because 
of the catabolic effects of chemotherapy drugs, prolonged NAC 
can lead to the loss of VAT. VAT has been shown to play a role 
in tumour- microenvironment interactions [12, 47]. A significant 
reduction in VAT may disrupt these interactions, potentially 
leading to more aggressive tumour behaviour. Moreover, adi-
pose tissue serves as a crucial energy reserve, and the loss of 
VAT may negatively impact functional status. Future research 
should explore how to balance the cycles of NAC, ΔVAT and 
long- term prognosis.

Despite providing new insights, this study has several limita-
tions. First, a retrospective study may introduce selection bias, 
as it relies on pre- existing imaging data. Second, the study pop-
ulation consisted of patients from five tertiary medical centres 
in China. Although the sample size was sufficient for the pri-
mary analysis, it may not represent a broader CRLM patient 
population. The differences in clinical practices among centres, 
such as imaging assessment standards, surgical techniques and 
postoperative management, may introduce heterogeneity. These 
variances can potentially affect the relationship between VAT 
and prognosis. We have standardized the data collection pro-
cess across centres. And these limitations should still be con-
sidered when interpreting the results of our study, and future 
research may need to further explore and address these issues. 
Furthermore, although VAT at L3 may be a proxy for overall 
obesity, future studies should include other body components, 
such as muscle. Finally, our study did not account for other po-
tential confounding factors that could influence VAT and cancer 
outcomes, such as KRAS mutations and lifestyle factors.

In conclusion, this multicentre cohort study is the first to reveal 
a U- shaped relationship between baseline VAT and prognosis in 
CRLM patients receiving NAC. Both low VAT and VO are asso-
ciated with poorer PFS and OS. VAT should be considered an 
important marker for risk stratification and personalized treat-
ment in CRLM patients, particularly in the dynamic monitoring 
and management of VAT changes. By identifying patients with 
optimal VAT levels, clinicians can better tailor individualized 
treatment strategies, potentially improving outcomes and min-
imizing unnecessary interventions. Future studies with larger, 
more diverse populations, standardized imaging protocols and 
comprehensive data on potential confounders are needed to val-
idate our findings.

Acknowledgements

The authors have nothing to report.

Ethics Statement

Approval of the research protocol by the Institutional Reviewer Board 
of Fujian Provincial Hospital, The First Affiliated Hospital of Fujian 
Medical University, Zhejiang Provincial People's Hospital, Hangzhou 
Red Cross Hospital and The First Hospital of PuTian City. This study 
has been examined by the ethics committee and have therefore been 
performed in accordance with the ethical standards laid down in the 
Declaration of Helsinki.

Consent

All authors had full access to all the data in the study and had final 
responsibility for the decision to submit for publication.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data for this study may be requested from the corresponding author 
where appropriate.

References

1. F. Bray, M. Laversanne, H. Sung, et  al., “Global Cancer Statistics 
2022: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 
36 Cancers in 185 Countries,” CA: A Cancer Journal for Clinicians 74 
(2024): 229–263.

2. J. Datta, R. R. Narayan, N. E. Kemeny, and M. I. D'Angelica, “Role of 
Hepatic Artery Infusion Chemotherapy in Treatment of Initially Un-
resectable Colorectal Liver Metastases: A Review,” JAMA Surgery 154 
(2019): 768–776.

3. L. Bernardi, R. Roesel, D. L. Aghayan, P. E. Majno- Hurst, S. De Dosso, 
and A. Cristaudi, “Preoperative Chemotherapy in Upfront Resectable 
Colorectal Liver Metastases: New Elements for an Old Dilemma?,” Can-
cer Treatment Reviews 124 (2024): 102696.

4. R. P. Jones and G. J. Poston, “Resection of Liver Metastases in Col-
orectal Cancer in the Era of Expanding Systemic Therapy,” Annual Re-
view of Medicine 68 (2017): 183–196.

5. Z. M. Wang, Y. Y. Chen, F. F. Chen, S. Y. Wang, and B. Xiong, “Peri- 
Operative Chemotherapy for Patients With Resectable Colorectal 
Hepatic Metastasis: A Meta- Analysis,” European Journal of Surgical 
Oncology 41 (2015): 1197–1203.

6. I. Anyene, B. Caan, G. R. Williams, et al., “Body Composition From 
Single Versus Multi- Slice Abdominal Computed Tomography: Concor-
dance and Associations With Colorectal Cancer Survival,” Journal of 
Cachexia, Sarcopenia and Muscle 13 (2022): 2974–2984.

7. K. Xu, M. S. Khan, T. Z. Li, et al., “AI Body Composition in Lung Can-
cer Screening: Added Value Beyond Lung Cancer Detection,” Radiology 
308 (2023): e222937.

FIGURE 5    |    RCS (multivariate model) was used to analyse the relationship between ΔVAT% and PFS/OS. A showed a nonlinear relationship 
between PFS and ΔVAT% in low VAT group; B showed a linear relationship between OS and ΔVAT% in low VAT group; C showed no relationship 
between PFS and ΔVAT% in normal VAT group; D showed no relationship between OS and ΔVAT% in normal VAT group; E showed a nonlinear 
relationship between PFS and ΔVAT% in VO group; F showed a nonlinear relationship between OS and ΔVAT% in VO group. RCS: restricted cubic 
spline; VAT: visceral adipose tissue.



11 of 12

8. X. Zhang, N. Ma, Q. Lin, et al., “Body Roundness Index and All- Cause 
Mortality Among US Adults,” JAMA Network Open 7 (2024): e2415051.

9. J. Barbi, S. K. Patnaik, S. Pabla, et  al., “Visceral Obesity Promotes 
Lung Cancer Progression- Toward Resolution of the Obesity Paradox in 
Lung Cancer,” Journal of Thoracic Oncology 16 (2021): 1333–1348.

10. G. E. Nam, K. H. Cho, K. Han, et al., “Obesity, Abdominal Obesity 
and Subsequent Risk of Kidney Cancer: A Cohort Study of 23.3 Million 
East Asians,” British Journal of Cancer 121 (2019): 271–277.

11. H. Furberg, P. T. Bradshaw, A. Knezevic, et al., “Skeletal Muscle and 
Visceral Adipose Radiodensities Are Pre- Surgical, Non- Invasive Mark-
ers of Aggressive Kidney Cancer,” Journal of Cachexia, Sarcopenia and 
Muscle 15 (2024): 726–734.

12. Y. Lu, Y. C. Zhao, K. Liu, et al., “A Validated Estimate of Visceral Ad-
ipose Tissue Volume in Relation to Cancer Risk,” Journal of the National 
Cancer Institute 116 (2024): 1942–1951.

13. M. H. Choi, S. N. Oh, I. K. Lee, S. T. Oh, and D. D. Won, “Sarco-
penia Is Negatively Associated With Long- Term Outcomes in Locally 
Advanced Rectal Cancer,” Journal of Cachexia, Sarcopenia and Muscle 
9 (2018): 53–59.

14. E. R. C. Hagens, M. L. Feenstra, M. A. van Egmond, et al., “Influ-
ence of Body Composition and Muscle Strength on Outcomes After 
Multimodal Oesophageal Cancer Treatment,” Journal of Cachexia, Sar-
copenia and Muscle 11 (2020): 756–767.

15. L. A. Renfro, F. Loupakis, R. A. Adams, et al., “Body Mass Index Is 
Prognostic in Metastatic Colorectal Cancer: Pooled Analysis of Patients 
From First- Line Clinical Trials in the ARCAD Database,” Journal of 
Clinical Oncology: Official Journal of the American Society of Clinical 
Oncology 34 (2016): 144–150.

16. B. Nordlinger, H. Sorbye, B. Glimelius, et al., “Perioperative Chemo-
therapy With FOLFOX4 and Surgery Versus Surgery Alone for Resect-
able Liver Metastases From Colorectal Cancer (EORTC Intergroup Trial 
40983): A Randomised Controlled Trial,” Lancet 371 (2008): 1007–1016.

17. J. X. Lin, Y. H. Tang, W. X. Zhou, et  al., “Body Composition Pa-
rameters Predict Pathological Response and Outcomes in Locally Ad-
vanced Gastric Cancer After Neoadjuvant Treatment: A Multicenter, 
International Study,” Clinical Nutrition (Edinburgh, Scotland) 40 (2021): 
4980–4987.

18. M. Erdem, D. Möckel, S. Jumpertz, et  al., “Macrophages Protect 
Against Loss of Adipose Tissue During Cancer Cachexia,” Journal of 
Cachexia, Sarcopenia and Muscle 10 (2019): 1128–1142.

19. M. W. Lee, S. K. Jeon, W. H. Paik, et al., “Prognostic Value of Initial 
and Longitudinal Changes in Body Composition in Metastatic Pancre-
atic Cancer,” Journal of Cachexia, Sarcopenia and Muscle 15 (2024): 
735–745.

20. E. M. Cespedes Feliciano, K. Popuri, D. Cobzas, et al., “Evaluation 
of Automated Computed Tomography Segmentation to Assess Body 
Composition and Mortality Associations in Cancer Patients,” Journal of 
Cachexia, Sarcopenia and Muscle 11 (2020): 1258–1269.

21. Y. Chen, Y. Huang, L. Xu, et al., “Neoadjuvant Chemotherapy Fol-
lowed by Radiofrequency Ablation May Be a New Treatment Modality 
for Colorectal Liver Metastasis: A Propensity Score Matching Compara-
tive Study,” Cancers 14 (2022): 5320.

22. R. B. Holmstroem, O. H. Nielsen, S. Jacobsen, et al., “COLAR: Open- 
Label Clinical Study of IL- 6 Blockade With Tocilizumab for the Treat-
ment of Immune Checkpoint Inhibitor- Induced Colitis and Arthritis,” 
Journal for Immunotherapy of Cancer 10 (2022): e005111.

23. C. Heus, H. Cakir, A. Lak, H. J. Doodeman, and A. P. Houdijk, “Vis-
ceral Obesity, Muscle Mass and Outcome in Rectal Cancer Surgery 
After Neo- Adjuvant Chemo- Radiation,” International Journal of Sur-
gery (London, England) 29 (2016): 159–164.

24. W. Clark, E. M. Siegel, Y. A. Chen, et al., “Quantitative Measures of 
Visceral Adiposity and Body Mass Index in Predicting Rectal Cancer 

Outcomes After Neoadjuvant Chemoradiation,” Journal of the Ameri-
can College of Surgeons 216 (2013): 1070–1081.

25. R. L. Camp, M. Dolled- Filhart, and D. L. Rimm, “X- Tile: A New 
Bio- Informatics Tool for Biomarker Assessment and Outcome- 
Based Cut- Point Optimization,” Clinical Cancer Research 10 (2004): 
7252–7259.

26. L. J. Anderson, J. Lee, B. Anderson, et al., “Whole- Body and Adipose 
Tissue Metabolic Phenotype in Cancer Patients,” Journal of Cachexia, 
Sarcopenia and Muscle 13 (2022): 1124–1133.

27. M. Koenen, M. A. Hill, P. Cohen, and J. R. Sowers, “Obesity, Adipose 
Tissue and Vascular Dysfunction,” Circulation Research 128 (2021): 
951–968.

28. C. Li, R. G. Spallanzani, and D. Mathis, “Visceral Adipose Tissue 
Tregs and the Cells That Nurture Them,” Immunological Reviews 295 
(2020): 114–125.

29. J. H. Butt, M. C. Petrie, P. S. Jhund, et  al., “Anthropometric Mea-
sures and Adverse Outcomes in Heart Failure With Reduced Ejection 
Fraction: Revisiting the Obesity Paradox,” European Heart Journal 44 
(2023): 1136–1153.

30. Y. Zhang, L. Jiang, P. Su, et al., “Visceral Adipose Tissue Assessment 
Enhances the Prognostic Value of GLIM Criteria in Patients With Gas-
tric Cancer Undergoing Radical Gastrectomy After Neoadjuvant Treat-
ment,” Nutrients 14 (2022): 5047.

31. H. Kolb, “Obese Visceral Fat Tissue Inflammation: From Protective 
to Detrimental?,” BMC Medicine 20 (2022): 494.

32. K. Englebert, A. Taquin, A. Azouz, et  al., “The CD27/CD70 
Pathway Negatively Regulates Visceral Adipose Tissue- Resident Th2 
Cells and Controls Metabolic Homeostasis,” Cell Reports 43 (2024): 
113824.

33. A. Vasanthakumar, D. Chisanga, J. Blume, et  al., “Sex- Specific 
Adipose Tissue Imprinting of Regulatory T Cells,” Nature 579 (2020): 
581–585.

34. O. Arrieta, D. Cárdenas- Fernández, O. Rodriguez- Mayoral, et  al., 
“Mirtazapine as Appetite Stimulant in Patients With Non- Small Cell 
Lung Cancer and Anorexia: A Randomized Clinical Trial,” JAMA On-
cology 10 (2024): 305–314.

35. A. S. Wedell- Neergaard, L. Lang Lehrskov, R. H. Christensen, et al., 
“Exercise- Induced Changes in Visceral Adipose Tissue Mass Are Regu-
lated by IL- 6 Signaling: A Randomized Controlled Trial,” Cell Metabo-
lism 29 (2019): 844–855.e3.

36. C. W. Li, K. Yu, N. Shyh- Chang, et al., “Pathogenesis of Sarcopenia 
and the Relationship With Fat Mass: Descriptive Review,” Journal of 
Cachexia, Sarcopenia and Muscle 13 (2022): 781–794.

37. M. Bardou, A. N. Barkun, and M. Martel, “Obesity and Colorectal 
Cancer,” Gut 62 (2013): 933–947.

38. I. J. Neeland, R. Ross, J. P. Després, et al., “Visceral and Ectopic Fat, 
Atherosclerosis, and Cardiometabolic Disease: A Position Statement,” 
Lancet Diabetes and Endocrinology 7 (2019): 715–725.

39. H. Wan, Y. Wang, Q. Xiang, et al., “Associations Between Abdomi-
nal Obesity Indices and Diabetic Complications: Chinese Visceral Adi-
posity Index and Neck Circumference,” Cardiovascular Diabetology 19 
(2020): 118.

40. D. Jarvis, J. S. Mitchell, P. J. Law, et al., “Mendelian Randomisation 
Analysis Strongly Implicates Adiposity With Risk of Developing Col-
orectal Cancer,” British Journal of Cancer 115 (2016): 266–272.

41. M. Went, A. Sud, C. Mills, et al., “Phenome- Wide Mendelian Rando-
misation Analysis of 378,142 Cases Reveals Risk Factors for Eight Com-
mon Cancers,” Nature Communications 15 (2024): 2637.

42. M. Cariello, E. Piccinin, E. Pasculli, et al., “Platelets From Patients 
With Visceral Obesity Promote Colon Cancer Growth,” Communica-
tions Biology 5 (2022): 553.



12 of 12 Journal of Cachexia, Sarcopenia and Muscle, 2025

43. C. Omarini, P. Palumbo, A. Pecchi, et al., “Predictive Role of Body 
Composition Parameters in Operable Breast Cancer Patients Treated 
With Neoadjuvant Chemotherapy,” Cancer Management and Research 
11 (2019): 9563–9569.

44. G. Chiloiro, M. Cintoni, M. Palombaro, et  al., “Impact of Body 
Composition Parameters on Radiation Therapy Compliance in Locally 
Advanced Rectal Cancer: A Retrospective Observational Analysis,” 
Clinical and Translational Radiation Oncology 47 (2024): 100789.

45. J. H. Lee, S. H. Choi, K. J. Jung, J. M. Goo, and S. H. Yoon, “High Vis-
ceral Fat Attenuation and Long- Term Mortality in a Health Check- Up 
Population,” Journal of Cachexia, Sarcopenia and Muscle 14 (2023): 
1495–1507.

46. A. Wahida, L. Buschhorn, S. Fröhling, et al., “The Coming Decade 
in Precision Oncology: Six Riddles,” Nature Reviews. Cancer 23 (2023): 
43–54.

47. K. C. Corn, M. A. Windham, and M. Rafat, “Lipids in the Tumor 
Microenvironment: From Cancer Progression to Treatment,” Progress 
in Lipid Research 80 (2020): 101055.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section.


	Low Visceral Adipose Tissue Predicts the Outcome of Neoadjuvant Chemotherapy for Colorectal Liver Metastases: A Multicentre Real-World Study
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Grouping and Study Population
	2.2   |   Comprehensive Treatment Procedure and Follow-Up
	2.3   |   Measurement of VAT
	2.4   |   Study Endpoints and Related Definitions
	2.5   |   Statistical Analysis

	3   |   Results
	3.1   |   Clinicopathological Characteristics
	3.2   |   Chemotherapy and Pathological Information
	3.3   |   Perioperative Information
	3.4   |   Analysis of VAT and △VAT on Prognosis

	4   |   Discussion
	Acknowledgements
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement
	References


