
Abstract. Background/Aim: Reduction in skeletal muscle mass 
during chemotherapy is associated with poor outcomes. This 
study investigated the impact of changes in the psoas muscle 
index (PMI) on the prognosis of patients with unresectable 
colorectal liver metastases (CRLM) undergoing chemotherapy, 
including subgroup analyses based on the initial treatment 
response assessment. Patients and Methods: We evaluated 47 
patients with unresectable CRLM who underwent systematic 
chemotherapy and assessed changes in PMI to determine their 
prognosis. Results: Changes in PMI were significantly associated 
with the presence or absence of primary tumor resection and the 
chemotherapeutic responses to first-line chemotherapy. The PMI 
reduction group was significantly associated with poor prognosis 
in both overall survival (OS) and progression-free survival (PFS) 
in patients with CRLM, and in both OS and PFS in the partial 
response (PR) group at the initial chemotherapy response 
assessment. Conclusion: Skeletal muscle loss at chemotherapy 
initiation was significantly associated with poorer survival in 
patients with unresectable CRLM. Maintaining muscle mass 
could serve as a new indicator for identifying patients with a PR 
at the initial chemotherapy response assessment for prognosis. 
Personalized interventions should be investigated to determine 
whether they can improve muscle mass and lead to better clinical 
outcomes. 

Sarcopenia is a syndrome described by Rosenberg in 1989 
(1), as an age-related decrease in muscle mass and is caused 
by various factors, including aging, inactivity, lifestyle 
habits, and chronic disease (2).  

Sarcopenia is prevalent in 15-70% of patients with cancer 
and is associated with a decline in physical function, impaired 
quality of life, and difficulty in continuing treatment (3-6). 
Additionally, advances in sarcopenia assessment techniques 
have revealed close relationships between sarcopenia and 
survival in different solid tumors (3, 5-7). 

In patients with colorectal cancer (CRC), a low preoperative 
skeletal muscle index (SMI) or psoas muscle index (PMI) at the 
lumbar levels is associated with poor survival (7-9), and muscle 
mass loss during the first 1-2 years after diagnosis is related to 
overall and cancer-specific mortality in stages I-III (10). 

Although a close relationship between baseline low 
muscle mass and poor prognosis has been reported in 
patients with CRC (7-9, 11-13), other studies have suggested 
that in a cohort of patients receiving chemotherapy, baseline 
low muscle mass is not prognostic and that changes in 
muscle mass during treatment are more critical (14, 15). 
These aspects, however, remain unelucidated. 

The liver is the most common site of distant metastasis in 
CRC, with liver metastases present in 20% of patients at the 
initial tumor diagnosis and emerging later in an additional 25-
50% of patients (16, 17). Recent studies have reported that the 
5-year survival rate after conversion treatment is 31-47% (18-
22), demonstrating that the implementation of conversion 
treatment significantly affects the prognosis of patients with 
colorectal liver metastases. Moreover, most patients with 
unresectable CRC receive systemic chemotherapy. Among those 
who do not undergo conversion treatment despite initial tumor 
shrinkage, the majority eventually experience progressive disease 
(PD). Therefore, early prediction of prognosis, regardless of the 
initial response to systemic chemotherapy, is crucial.  

This study aimed to determine whether muscle mass loss 
could serve as a prognostic factor in patients with liver-only 
metastases, and investigate the prognostic impact of early 
changes in the PMI during systemic chemotherapy and their 
association with clinicopathological factors. 
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Patients and Methods 
 
A total of 52 patients with unresectable colorectal liver metastasis 
(CRLM) who received first-line systemic chemotherapy at Osaka 
Metropolitan University between January 2008 and December 2016 
were retrospectively reviewed. The study was approved by the Osaka 
Metropolitan University Ethics Committee (Approval number: 4182). 
Written informed consent was obtained from all patients. 

None of the patients had been definitively diagnosed with metastasis 
to other organs at the time of the liver metastasis. Synchronous CRLM 
was identified at the time of primary colorectal tumor diagnosis, while 
metachronous CRLM was defined as any CRLM identified after the 
primary colorectal tumor diagnosis (23). Five patients were excluded 
due to the absence of suitable computed tomography (CT) images and 
incomplete laboratory data, and finally, 47 patients were enrolled in the 
study. The chemotherapy agents administered for systemic therapy 
included a combination of 5-fluorouracil (5-FU) and oxaliplatin 
(mFOLFOX6) (24-26), a 5-FU and irinotecan (FOLFIRI) (27), 
Capecitabine + Oxaliplatin (CapeOx) (28), S-1+ Oxaliplatin (SOX) 
(29), and Capecitabine monotherapy (30).  

Based on the RAS mutation status of the tumors (31, 32), targeted 
biologics such as anti-vascular endothelial growth factor antibodies, 
such as bevacizumab, and anti-epidermal growth factor receptor 
antibodies, including panitumumab and cetuximab, were added to the 
aforementioned regimens. Adjustments to chemotherapy dosing or 
cessation were based on the doctor’s judgment and the patient’s 
condition. 

Tumor response to chemotherapy was evaluated using CT imaging 
based on the Response Evaluation Criteria in Solid Tumors (RECIST) 
version 1.1 (33). Resectability of CRLM was assessed periodically, 
and curative liver resection was performed after discussions at joint 
conferences or cancer board meetings by multidisciplinary teams. 

Conversion treatment was defined as converting initially 
unresectable liver metastases to resectable lesions after systemic 
chemotherapy, with the patient showing no evidence of disease 
following local radical treatment, including surgery and radiofrequency 
ablation (RFA). Six patients received adjuvant chemotherapy [e.g.,  
5-FU + folinate monotherapy or combinations, such as mFOLFOX6 
or CapeOx (32)] following conversion therapy. 

Patients were observed through physical examinations, serum 
tumor marker measurements, and CT scans. Treatment for 
recurrence was determined by factors, such as tumor size, location, 
growth rate, preceding therapies, and patient preferences and 
conditions. Eleven patients with metachronous liver metastases had 
previously received adjuvant therapy following primary tumor 
resection. Oxaliplatin doublet chemotherapy was administered in 
three cases, whereas oral anticancer agents were in eight cases.  

Overall survival (OS) was measured from the date of treatment 
initiation until the date of death due to any cause or the last known 
follow-up for patients who were still alive. Progression-free survival 
(PFS) was defined as the time from treatment initiation to the date 
of disease progression, recurrence, death, or last contact with the 
patient. Patients were clinically followed up with physical 
examinations and blood tests. Demographic, pathological, and 
outcome data were collected for each patient. 
 
Data collection. Clinical data were retrospectively obtained from the 
electronic patient databases. Data included baseline characteristics 
[sex, age, primary tumor location, chemotherapy exposure, evaluation 
of chemotherapy efficacy, information about treatment, Eastern 

Cooperative Oncology Group Performance Status (ECOG PS), serum 
albumin, C-reactive protein (CRP), and RAS status]; liver tumor 
variables (number of metastases, size of the largest metastases); 
disease recurrence; and date of death. To quantify the tumor burden 
in CRLM patients, we used the tumor burden score (TBS), developed 
by Sasaki et al. (34) as a prognostic marker. This was calculated as 
follows: TBS2=(maximum tumor diameter)2+ (number of liver 
lesions)2. 
 
Psoas muscle index (PMI). We measured the cross-sectional area of 
the bilateral psoas muscles using manual tracing on CT images. The 
bilateral psoas muscle area (cm2) was calculated at the level of the 
navel from the CT images by a single investigator who was blinded 
to the patient outcomes. The PMI was calculated as follows: 
PMI=cross-sectional area of the bilateral psoas muscle/heights2 
(cm2/m2) (35). We calculated the PMI (cm2/m2) at the initiation of 
first-line therapy (pre-PMI) and at the initial chemo-response 
assessment (post-PMI) [median duration: 2.43 months (1.23-4.23 
months)]. We subtracted the pre-PMI from the post-PMI, divided it 
by the pre-PMI, and multiplied it by 100 to determine the change 
rate in PMI. 
 
Statistical analysis. All patients were classified into two groups 
according to the median of each variable, except for the changes in 
PMI. Differences in categorical variables between groups were 
estimated using the chi-square test and Fisher’s exact test, where 
appropriate. Survival curves were constructed using the Kaplan–
Meier method and compared using a log-rank test. The influence of 
each prognostic factor on patient survival was evaluated using Cox 
regression analysis. Multivariate logistic regression models were 
used to predict the factors influencing conversion treatment. 
Statistical significance was set at p<0.05. In multivariate analysis, 
p<0.05 was included as a factor. All analyses were performed using 
the JMP 14.0.0 (SAS Institute Inc., Cary, NC, USA).  
 

Results 
 

Patient characteristics. Forty-seven patients with unresectable 
CRLM underwent systemic chemotherapy after their diagnosis. 
Table I presents the patient characteristics. The study population 
included 32 men and 15 women, with a median patient age of 
66 years (36-84 years) at the time of CRLM diagnosis. 
According to the RECIST (33), the chemotherapeutic responses 
at the initial chemotherapy response assessment for CRLM in 
patients were evaluated as follows: partial response (PR), n=25; 
stable disease (SD), n=16; and PD, n=6. Responses to the first-
line systemic chemotherapy for CRLM in the patients were as 
follows: complete response (CR), n=2; PR, n=13; SD, n=7; and 
PD, n=25. The response and disease control rate were 32% and 
47%, respectively. 

Previous studies have identified sex-based differences in 
PMI among patients with cancer (35). The median of pre-
treatment PMI was 7.41 cm2/m2 (3.79 cm2/m2-11.54 cm2/m2) 
for men and 5.11 cm2/m2 (2.95 cm2/m2-6.86 cm2/m2) for 
women. Using these results, we determined the cutoff values 
for the pretreatment PMI for men and women separately and 
for each type of cancer.  
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The proposed cutoff value for sarcopenia is the average PMI 
of healthy people -2SD (6.36 cm2/m2 for men, 3.92 cm2/m2 for 
women) (36). Based on these criteria, nine men and four 
women in this cohort were diagnosed with sarcopenia. 

The number of patients with >5% skeletal muscle loss was 
29. The mean rate of change in the PMI was 10.66% 
(range=–21.73%-39.13%). We set a 5% reduction in PMI as the 
cutoff value based on a report that patients with unresectable 

CRC having >5% skeletal muscle reduction had poor prognosis 
(14). Patients were categorized into PMI reduction and non-
reduction groups according to the cutoff value. 

Correlation between the change in the PMI and clinico-
pathological characteristics. Next, we assessed the 
association between changes in PMI and clinicopathological 
characteristics of patients with CRLM (Table II). Regarding 
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Table Ⅰ. Characteristics of patients with colorectal cancer liver metastasis. 
 
Variables                                                                                                                                                                                                  n 
 
Age                                                                                              Median (range)                                                                           66 (36-84) 
Sex                                                                                               Male                                                                                                   32 
                                                                                                    Female                                                                                               15 
ECOG PS                                                                                    0                                                                                                          42 
                                                                                                    1, 2                                                                                                      5 
Location                                                                                      Colon                                                                                                  21 
                                                                                                    Rectum                                                                                               26 
Colectomy                                                                                   Yes                                                                                                      39 
                                                                                                    No                                                                                                        8 
Conversion treatment                                                                 Yes                                                                                                      17 
                                                                                                    No                                                                                                       30 
RFA                                                                                             Yes                                                                                                       6 
                                                                                                    No                                                                                                       41 
Synchronous/Metachronous                                                       Synchronous                                                                                      35 
                                                                                                    Metachronous                                                                                    12 
K-ras                                                                                           Wild type                                                                                           16 
                                                                                                    Mutation                                                                                             16 
                                                                                                    Unknown                                                                                           15 
Cytotoxic drug regimens                                                            FOLFOX                                                                                            26 
                                                                                                    FOLFIRI                                                                                             8 
                                                                                                    SOX                                                                                                    3 
                                                                                                    Capeox                                                                                                9 
                                                                                                    Cape                                                                                                    1 
Targeted antibodies                                                                     Bevacizumab                                                                                     22 
                                                                                                    Cetuximab                                                                                           5 
                                                                                                    Panitumumab                                                                                     2 
                                                                                                    AZD2171                                                                                            3 
                                                                                                    None                                                                                                   15 
Chemotherapeutic responses                                                      PR                                                                                                      25 
at initial chemo response assessment                                       SD                                                                                                      16 
                                                                                                    PD                                                                                                       6 
Chemotherapeutic responses                                                      CR                                                                                                       2 
of first-line therapy                                                                    PR                                                                                                      13 
                                                                                                    SD                                                                                                       7 
                                                                                                    PD                                                                                                      25 
Albumin(g/dl)                                                                             Median (range)                                                                          3.8 (2.5-4.6) 
CRP                                                                                             Median (range)                                                                       0.87 (0.02-6.98) 
Number of liver metastasis                                                        Median (range)                                                                             5 (1-90) 
Diameter (mm)                                                                           Median (range)                                                                       48.8 (10-193.2) 
TBS                                                                                             Median (range)                                                                      8.10 (1.91-90.15) 
Pretreatment BMI                                                                       Median (range)                                                                    21.10 (15.32-32.43) 
Pretreatment PMI                                                                       Male median (range)                                                             7.41 (3.79-11.54) 
                                                                                                    Female median (range)                                                          5.11 (2.95-6.86) 
Relative ratio of PMI                                                                 Median (range)                                                                   10.66 (-21.73-39.13) 
 
ECOG PS: Eastern Cooperative Oncology Group Performance Status; RFA: radiofrequency ablation; CRP: C-reactive protein; TBS: tumor burden 
score; BMI: Body Mass Index; PMI: psoas muscle index. 



clinical and pathological features, PMI reduction group was 
significantly associated with the presence or absence of 
colectomy (p=0.0031), chemotherapeutic response to first-
line therapy (p=0.0063), higher CRP levels (p=0.030), and 
>5% body weight loss (p=0.014). Although a significant 
relationship was observed between the change in PMI and 
body weight, 40% of the patients had a decrease in muscle 
mass, even though their body weight did not decrease, 
indicating that muscle mass loss cannot always be detected 
solely by monitoring weight changes. 
 
Relationship between the change in the PMI and side effects. 
Using the Common Terminology Criteria for AEs v.4.0, the 
Japanese Clinical Oncology Group version and side effects 
from treatment initiation to initial chemo-response assessment 
were estimated. Although not statistically significant, 
decreased appetite (p=0.082) and stomatitis (p=0.082) were 
associated with the PMI reduction group (Table III). These 
results suggest that the side effects of chemotherapy may 
influence changes in skeletal muscle. 
 
Prognostic significance of the change in the PMI in patients 
with CRLM. We next investigated how the change in PMI 
affected the prognosis of patients with CRLM. The PMI 
reduction group had a significantly poorer prognosis than the 
PMI non-reduction group in terms of both OS (log-rank test, 
p<0.001; Figure 1A) and PFS (log-rank test, p=0.033; 
Figure 1B). 

Univariate analyses revealed that a >5% decrease in PMI 
(p<0.001), high TBS (p=0.0013), and conversion treatment 
(p<0.001) were significantly associated with OS (Table IV). 
In multivariate analysis, a >5% decrease in PMI (p=0.022) 
and conversion treatment (p<0.001) were independently 
associated with OS (Table IV). 

Next, we performed a subgroup analysis by categorizing 
the patients into PR and SD/PD group based on the initial 
chemotherapy response assessment results. Although there 
was no significant correlation between the change in PMI 
and survival or progression of disease in the SD/PD group 
(Figure 1E and F), the PMI reduction group had a 
significantly poorer prognosis than the PMI non-reduction 
group in terms of both the OS and PFS in the PR group (log-
rank test, p=0.0034 and p=0.037, respectively; Figure 1C 
and D). In the PR group, PMI reduction was suggested to 
have a potential impact on the prognosis at the initial 
chemotherapy response assessment. 

 
Discussion 
 
Several studies have highlighted the importance of 
pretreatment muscle mass in patients (7-9, 11). However, in 
patients with CRC undergoing chemotherapy, several studies 
have indicated that loss of muscle mass during chemotherapy, 

rather than pretreatment muscle mass, is associated with 
prognosis (14, 15). Furthermore, studies on the relationship 
between changes in skeletal muscle mass and clinico-
pathological factors are limited, and no subgroup analyses 
based on initial chemotherapy response assessments have 
been conducted for CRLM. The mechanism linking skeletal 
muscle loss to prognosis in patients with CRLM remains 
unclear. 

We investigated the clinical significance of changes in 
skeletal muscle mass from liver metastasis diagnosis to the 
initial chemotherapy response assessment in patients with 
CRLM and made several novel discoveries. First, changes in 
skeletal muscle mass were significantly associated with body 
weight loss, primary tumor resection status, CRP levels, and 
responses to first-line chemotherapy. Second, appetite loss 
and stomatitis, observed as side effects of anticancer drugs 
in patients with CRLM, tended to lead to a decreased 
skeletal muscle mass. Finally, a reduction in muscle mass 
was a more reliable indicator of poor OS in patients with 
CRLM and was significantly associated with poor prognosis 
for both OS and PFS in the PR group at the initial 
chemotherapy response assessment. 

Muscle mass loss is multifactorial, caused by reduced 
nutritional intake, metabolic changes induced by tumors, and 
oncological treatments (37, 38). In this study, PMI reduction 
was associated with the presence or absence of a primary 
tumor, CRP level, body weight loss, and appetite loss. 
Appetite loss, attributed to the side effects of anticancer 
drugs and cancer itself, is thought to contribute to muscle 
weakness. Furthermore, loss of appetite can lead to weight 
loss. Gastrointestinal tumors may also cause abdominal pain 
and other related symptoms. 

Reports indicate that fat and muscle do not necessarily 
change at the same rate as Body Mass Index (BMI) during 
cancer progression (39-42). Our data also indicated that in 
40% of cases, muscle mass decreased despite the absence of 
weight loss. This finding suggests that weight loss and muscle 
mass are not strongly associated and that weight loss alone 
may not reliably predict muscle mass reduction. Reduction in 
skeletal muscle mass without weight or appetite loss may stem 
from metabolic changes caused by cancer cells.  

Muscle loss is associated with adverse clinical outcomes, 
including physical dysfunction, decreased quality of life, 
reduced treatment tolerance, and ultimately shortened survival 
(40, 43). It may also alter drug distribution in the body, 
potentially increasing drug exposure (42). Increased drug side 
effects that require treatment interruption or dose reduction can 
compromise efficacy and ultimately reduce survival (42, 44-
46). As illustrated in Figure 2, cancer progression likely 
perpetuates this vicious cycle by interacting with muscle mass. 

Muscle mass reduction was associated with a poor OS and 
PFS and was a more reliable indicator of poor OS in patients 
with CRLM. Our study found no association between 
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Table Ⅱ. Correlation between clinicopathological variables and psoas muscle index (PMI) reduction in patients with colorectal cancer liver 
metastasis. 

 
                                                                                                                                                    At initial chemo response assessment  
 
Variables                                                                                                     n                  PMI non-reduction group        PMI reduction group        p-Value 
 
Age                                                                  >66                                    23                                     9                                             14                      0.91 
                                                                        ≤66                                    24                                     9                                             15                         
Sex                                                                   Male                                  32                                   13                                             19                      0.23 
                                                                        Female                               15                                     5                                             10                         
ECOG PS                                                        0                                         42                                   16                                             26                      0.93 
                                                                        1, 2                                      5                                     2                                               3                         
Location                                                           Colon                                 21                                     7                                             14                      0.53 
                                                                        Rectum                              26                                   11                                             15                         
Colectomy                                                       Yes                                     39                                   18                                             21                      0.0031* 
                                                                        No                                        8                                     0                                               8                         
Conversion treatment                                      Yes                                     17                                     9                                               8                      0.12 
                                                                        No                                      30                                     9                                             21                         
Synchronous/Metachronous                           Synchronous                     35                                   14                                             21                      0.68 
                                                                        Metachronous                   12                                     4                                               8                         
K-ras                                                               Wild type                          16                                     6                                             10                      0.68 
                                                                        Mutation                            16                                     5                                             11                         
                                                                        Unknown                          15                                     7                                               8                         
Cytotoxic drug regimens                                FOLFOX                           26                                   10                                             16                      0.22 
                                                                        FOLFIRI                             8                                     1                                               7                         
                                                                        SOX                                    3                                     2                                               1                         
                                                                        CapeOx                               9                                     4                                               5                         
                                                                        Cape                                    1                                     1                                               0                         
Targeted antibodies                                         Bevacizumab                    22                                     8                                             14                      0.86 
                                                                        Cetuximab                           5                                     2                                               3                         
                                                                        Panitumumab                     2                                     1                                               1                         
                                                                        AZD2171                            3                                     2                                               1                         
                                                                        None                                  15                                     5                                             10                         
Side effect                                                       Grade 0,1                          19                                     9                                             10                      0.29 
                                                                        Grade 2-4                          28                                     9                                             19                         
Chemotherapeutic responses                          PR                                      25                                   12                                             13                      0.14 
at initial chemo response assessment            SD, PD                              22                                     6                                             16                         
Chemotherapeutic responses                          CR, PR                              15                                   10                                               5                      0.0063* 
of first-line therapy                                         SD, PD                              32                                     8                                             24                         
Albumin (g/dl)                                                ≤3.5                                   12                                     2                                             10                      0.062 
                                                                        >3.5                                   35                                   16                                             19                         
CRP                                                                 ≤0.5                                   17                                   10                                               7                      0.030* 
                                                                        >0.5                                   30                                     8                                             22                         
Number of liver metastasis                            ≤5                                      23                                   11                                             12                      0.19 
                                                                        >5                                      24                                     7                                             17                         
Diameter (mm)                                                ≤50                                    25                                   11                                             14                      0.39 
                                                                        >50                                    22                                     7                                             15                         
TBS                                                                  ≤8.01                                 23                                   12                                             11                      0.054 
                                                                        >8.01                                 24                                     6                                             18                         
Pretreatment BMI                                           ≤21.10                               23                                     9                                             14                      0.91 
                                                                        >21.10                               24                                     9                                             15                         
Pretreatment PMI                                            Low                                   23                                   11                                             12                      0.19 
                                                                        High                                  24                                     7                                             17                         
Relative ratio of body weight                        ≤5                                      36                                   17                                             19                      0.014* 
during first-line chemotherapy                       >5                                      11                                     1                                             10                         
 
*Statistically significant. ECOG PS: Eastern Cooperative Oncology Group Performance Status; CRP: C-reactive protein; TBS: tumor burden score; 
BMI: Body Mass Index; PMI: psoas muscle index. 



pretreatment PMI and survival in patients with unresectable 
CRLM, consistent with earlier findings showing no association 
between pretreatment sarcopenia and prognosis in patients with 
rectal cancer (47). These results emphasize the importance of 
monitoring PMI changes during preoperative treatment. 
Similarly, Miyamoto et al. (14) reported that changes in PMI 
are important. They reported that achieving tumor control with 
effective chemotherapy may reverse the catabolic processes 
that cause cachexia. Changes in PMI, easily assessed using 
routine CT scans, provide valuable prognostic information 
beyond BMI and pretreatment PMI. 

Furthermore, measuring changes in PMI during initial 
response assessment enables early detection of muscle loss, 
making it a highly useful prognostic factor. Notably, in cases 
achieving PR at the initial efficacy assessment, a decrease in 
muscle mass became a prognostic factor. Subgroup analysis 
revealed that patients in the PMI reduction group had 
significantly worse OS and PFS, even among those classified 
as PR, during the initial chemotherapy response assessment. 
While a poor prognosis is expected for patients with no initial 
response, patients who achieved a PR were expected to have a 
relatively good prognosis; however, those with muscle 
weakness had a poorer prognosis. This prognostic factor can 
serve as an early indicator of the need for chemotherapy when 
first-line treatment efficacy wanes. It can also guide decisions 
on adjuvant therapy, even after conversion has been achieved. 
Early PMI changes at the initiation of chemotherapy could be 
a highly useful prognostic clinical marker. 

Disrupting the vicious cycle, as shown in Figure 2, is 
crucial for preserving muscle mass. Maintaining muscle 

mass allows for chemotherapy administration, which reduces 
the tumor size and, in turn, helps maintain muscle mass. A 
comprehensive approach that includes multiple interventions, 
such as pharmacotherapy, nutritional therapy, exercise, and 
psychosocial interventions, is essential to prevent muscle 
atrophy (48-51). Our analysis also identified that 
gastrointestinal side effects of chemotherapy were associated 
with muscle weakness, highlighting the importance of 
managing these adverse effects. 
 
Study limitations. First, this was a retrospective observational 
study with a short follow-up period, conducted at a single 
institution with a small sample size. This may have introduced 
potential bias. Second, data on patients’ intake and calories 
consumed per day during systematic chemotherapy were not 
collected. While we focused on PMI, other methods of muscle 
evaluation, such as bioelectrical impedance analysis, were not 
used due to the retrospective design. Larger, multicenter 
prospective trials are needed to validate these findings. 
 
Conclusion 
 
Early PMI reduction at chemotherapy initiation is significantly 
associated with poor survival in patients with CRLM. 
Maintaining muscle mass could serve as a novel prognostic 
indicator for identifying PR patients with better outcomes. 
Further studies should investigate whether personalized 
interventions may attenuate or improve muscle mass during 
treatment and lead to improvements in clinical outcomes such 
as survival. 
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Table Ⅲ. Correlation between side effects and psoas muscle index (PMI) reduction in patients with colorectal cancer liver metastasis. 
 
Variables                                                                                   n                         PMI non-reduction group           PMI reduction group                p-Value 
 
Neutropenia                                  Grade 0-1                          28                                           12                                             16                                    0.43 
                                                      Grade 2-4                          19                                             6                                             13                                       
Anemia                                         Grade 0-1                          44                                           17                                             27                                    0.85 
                                                      Grade 2-4                            3                                             1                                               2                                       
Thrombocytopenia                      Grade 0-1                          43                                           16                                             27                                    0.62 
                                                      Grade 2-4                            4                                             2                                               2                                       
Diarrhea/vomiting                        Grade 0-1                          46                                           18                                             28                                    0.320 
                                                      Grade 2-4                            1                                             0                                               1                                       
Peripheral neuropathy                 Grade 0-1                          40                                           16                                             24                                    0.56 
                                                      Grade 2-4                            7                                             2                                               5                                       
Hand-Foot Syndrome                  Grade 0-1                          46                                           17                                             29                                    0.16 
                                                      Grade 2-4                            1                                             1                                               0                                       
Skin toxicities                              Grade 0-1                          46                                           18                                             28                                    0.32 
                                                      Grade 2-4                            1                                             0                                               1                                       
Stomatitis                                     Grade 0-1                          44                                           18                                             26                                    0.082 
                                                      Grade 2-4                            3                                             0                                               3                                       
Appetite                                        Grade 0-1                          44                                           18                                             26                                    0.082 
                                                      Grade 2-4                            3                                             0                                               3                                       
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Figure 1. Prognostic impact of the change in psoas muscle index (PMI) on overall survival (OS) and progression-free survival (PFS) in patients 
with colorectal liver metastasis (CRLM). We conducted a Kaplan–Meier survival analysis, subdividing patients into the PMI reduction group (>5%) 
and the non-reduction group (≤5%). In patients with CRLM, the PMI reduction group had a significantly poorer prognosis compared with the non-
reduction group in terms of OS (log-rank test, p<0.001, A). With respect to PFS, the PMI reduction group also had a significantly poorer prognosis 
(p=0.033, B). Although there was no significant correlation between the change in PMI and survival or disease progression in stable disease 
(SD)/progressive disease (PD) group at initial efficacy assessment (OS: E, PFS: F), the PMI reduction group had a significantly poorer prognosis 
compared to the non-reduction group in terms of both OS (log-rank test, p=0.0034, C) and PFS (p=0.037, D) in the partial response (PR) group at 
initial efficacy assessment.
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