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Prognostic value of sarcopenia

In patients with unresectable
colorectal liver metastases after
drug-eluting beads transcatheter
arterial chemoembolization: a
single center retrospective study
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Sarcopenia is a prevalent condition in tumor patients and can potentially impact the prognosis of
tumor treatment. This retrospective study aimed to evaluate the correlations between sarcopenia

and the prognosis of patients with unresectable colorectal liver metastases (CRLM) received drug-
eluting beads transcatheter arterial chemoembolization (DEB-TACE) therapy. From December 2018
to December 2023, unresectable CRLM patients who had already received second-line therapy from
the Wuhan Union Hospital were involved in our study. Skeletal muscle mass was evaluated on CT at
the L3 vertebra, and the optimal cut-off point for skeletal muscle index classification was determined
using x-tile software. Overall survival (OS) and progression-free survival (PFS) were estimated using
Kaplan-Meier analysis and Cox regression analysis. Seventy-one patients were included in the study,
34 with sarcopenia (sarcopenia group) and 37 without sarcopenia (non-sarcopenia group), respectively.
The median PFS and OS was elevated in the non-sarcopenia group compared with the sarcopenia
group (6.1 months versus 4.3 months, p=0.012; 14.8 months versus 10.2 months, p<0.001).

The multivariate Cox regression analysis revealed that sarcopenia, extrahepatic metastases, and
neutrophil-to-lymphocyte ratio (NLR) 25 were identified as independent risk factors for both PFS and
0S. The advantages of non-sarcopenia in terms of OS were consistent across all subgroups examined.
Additionally, the sarcopenia group exhibited a higher incidence of vomiting/nausea, fatigue, and
abdominal pain following the DEB-TACE operation compared to the non-sarcopenia group. Sarcopenia
demonstrated a substantial predictive value for both PFS and OS in unresectable CRLM patients who
underwent DEB-TACE treatments. Besides, NLR > 5 and extrahepatic metastases were independent
risk factors linked to a poorer prognosis. Furthermore, patients with sarcopenia may face an increased
likelihood of experiencing adverse events following DEB-TACE treatments.
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PES Progression-free survival
ECOG Eastern Cooperative Oncology Group
SMA Skeletal muscle are

SMI Skeletal muscle index

ORR Overall response rates

DCR Disease control rate

CR Complete response

PR Partial response

SD Stable disease

PD Progressive disease

HR Hazard ratio

CI Confidence interval

NLR Neutrophil-to-lymphocyte ratio
AEs Adverse events

Liver metastasis is a crucial determinant of the prognosis for patients with colorectal cancer (CRC), often
resulting in organ failure and high mortality rates’. The majority of patients with colorectal liver metastases
(CRLM) are not eligible for surgical removal and hence receive systemic chemotherapy®. While systemic therapy
has demonstrated some efficacy, achieving a long-term response is challenging due to chemotherapy toxicity and
treatment resistance?. For unresectable CRLM patients who had failed systematic treatments, drug-eluting beads
transcatheter arterial chemoembolization (DEB-TACE), a regional therapy for liver metastases, was considered
an alternative optional treatment’. Several studies have shown that DEB-TACE treatment could improve survival
rates in patients with unresectable CRLM and yield promising outcomes®-8. However, despite these encouraging
findings, there remains a lack of identified indicators that can reliably predict patients’ response to DEB-TACE
treatment. The development of such measures would be instrumental in stratifying patients and optimizing
treatment efficiency.

Sarcopenia refers to a syndrome that is characterized by the gradual and widespread reduction of both skeletal
muscle mass and its corresponding functionality’. Previous research indicated that elevated inflammatory
markers within the circulatory system of cancer patients may constitute a risk factor for the development of
sarcopenia in these patients!®!!. The systemic inflammatory response disrupts protein turnover and cellular
growth, potentially compromising skeletal muscle quality. The neutrophil-to-lymphocyte ratio (NLR), a widely
recognized indicator of systemic inflammation, is higher in patients with sarcopenia compared to those without
the condition'?. To diagnose sarcopenia, L3 pyramidal analysis on computed tomography (CT) images is
commonly utilized to quantify skeletal muscle and fat mass'®. Although there is no consensus on the cut-off
point for sarcopenia due to differences in clinical features, various studies have demonstrated that sarcopenia is
linked to a poorer prognosis in patients with colorectal, lung, and pancreatic cancer'*-!6. Sevgilioglu et al. found
that sarcopenia played a significant role as a prognostic element in the survival of CRLM patients who underwent
chemotherapy'”. Similarly, Yang et al. observed that sarcopenia influenced the overall survival (OS) of patients
with CRLM undergoing hepatectomy, and it was also associated with more complications'®. Nevertheless, there
is limited research available on the impact of sarcopenia specifically on DEB-TACE treatment in patients with
unresectable CRLM.

Hence, the objective of this study was to examine the relationship between sarcopenia and long-term
prognosis as well as the complications in patients with unresectable CRLM who received DEB-TACE treatments
following chemotherapy failure.

Methods

Patients

This retrospective cohort study included unresectable CRLM patients who had already received second-line
therapy (FOLFIRI or FOLFOX, with or without bevacizumab or cetuximab) from the Wuhan Union Hospital
between December 2018 to December 2023. The study was approved by the institutional review board of
our local hospital (2018-S505). The Ethics Committee of Wuhan Union Hospital waived the requirement for
informed consent due to the retrospective study design.

The inclusion criteria were as follow: (1) patients diagnosed with colorectal cancer liver metastases confirmed
histologically; (2) patients treated with DEB-TACE treatment; (3) Eastern Cooperative Oncology Group (ECOG)
performance status scores of 0 or 1; (4) aged> 18 years. The following were the exclusion criteria: (1) prior
treatment with hepatectomy, radiation, or thermoablation of the liver; (2) liver metastases burden exceeding
70% of liver volume; (3) severe hepatic failure or renal impairment; (4) patients with incomplete medical records.

Imaging analysis of skeletal muscle mass

CT images of patients taken within one week prior to DEB-TACE operation were utilized for quantifying skeletal
muscle mass at the level of the third lumbar vertebra (L3). The skeletal muscle index (SMI, cm?/m?) was employed
to evaluate the status of skeletal muscle quality, which is determined by calculating the square of skeletal muscle
area (cm?) divided by the square of height (m?)'°. The images were analyzed by two trained radiologists, G.EZ.
and C.S.Z., who have 25 and 31 years of imaging experience, respectively. Tomovision SliceOmatic version 4.3
software (Toronto, Canada) were used to delineate the area of interest of the skeletal muscle on axial CT at the
middle of the L3 vertebral body (Fig. 1). The muscles include the psoas, rectus, transverse abdominis, quadratus
lumborum, internal obliques, longissimus pectoralis, and pectoral spinous muscles. The entire muscle area was
measured, and the average of the two radiologists’ measurements was calculated for subsequent analysis.
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Fig. 1. Body morphometric evaluations of skeletal muscle mass at the middle level of L3 vertebra. (A) Sagittal
reformation of a preoperative CT scan at the L3 level; (B) Quantitative CT of skeletal muscle in the sarcopenia
group; (C) Quantitative CT of skeletal muscle in the non-sarcopenia group.

The optimal cut-off point for SMI classification was confirmed using X-tile version 3.6.1 software (Yale
University School of Medicine; New Haven, USA). This software offers a straightforward and well-rounded
approach to classify the cohort into low and high levels of marker expression according to progression-free
survival (PFS) or OS results®®. Additionally, there are variations in the distribution of skeletal muscle and adipose
tissue between male and female patients. Consequently, patients were categorized into sarcopenia group and
non-sarcopenia group based on these defined cut-off values.

Treatment

The DEB-TACE operations were performed under the supervision of several experienced interventional
radiologists. A 5-F catheter was introduced into the common hepatic artery and superior mesenteric artery to
distinguish the tumor-supplying arteries. After confirming the artery, a 2.7-F coaxial microcatheter was used to
perform super-selective arterial catheterization. Then, the 80 mg irinotecan loaded into one vial (2 ml) beads
mixed with non-ionic contrast agents were delivered via the microcatheter. When the angiography showed that
the staining of the tumor disappeared or almost disappeared, the operation ceased.

Follow-up and assessment

All patients were followed up until 31 December 2023. Abdominal contrast-enhanced CT, chest and pelvis-
enhanced CT, and laboratory were carried out before treatment and every treatment course (6-8 weeks). The
primary endpoint was OS. PES, overall response rate (ORR), disease control rate (DCR), and adverse events were
considered as secondary objectives. The treatment response including complete response (CR), partial response
(PR), stable disease (SD), and progressive disease (PD), was evaluated according to the Response Evaluation
Criteria in Solid Tumors 1.1 protocol (RECIST 1.1)?!. PFS was defined as the duration from the first DEB-TACE
treatment of the patient to either tumor progression according to the RECIST 1.1 criteria or death. The time
from the start of DEB-TACE treatment to the last follow-up or patient death was defined as OS. ORR was defined
to the percentage of patients who attained CR or PR. DCR was defined as the sum of CR, PR, and SD.

Statistical analysis

The IBM SPSS version 25.0 software (San Jose, New York, USA) and R version 4.1.1 software (Vienna, Austria)
were applied to fundamental statistical analysis. Data are expressed in the count (%), median, or mean + standard
deviation. Kaplan-Meier curves were plotted to assess patients’ OS and PFS, while a log-rank test was employed
to compare the two groups. Univariate analysis was applied, while the factors with p value <0.1 were further
assessed by multivariate analysis to confirm the potential prognostic factors impacting PFS and OS. P value <0.05
(two-tailed) was regarded as statistically significant.

Results

Patient characteristics

From December 2018 to December 2023, 96 patients with unresectable CRLM were enrolled in this study. After
applying the inclusion and exclusion criteria, we included 71 patients for analysis. Among them, 34 patients
were classified to the sarcopenia group, while 37 patients were non-sarcopenia group (Fig. 2). The baseline
characteristics of the two groups with unresectable CRLM are displayed in Table 1. There were no significant
differences between the baseline data, except for SMA and SMI. The median follow-up period was 11 months
(range 2-28 months) in the sarcopenia group and 15 months (range 2-33 months) in the non-sarcopenia group.

The optimum cutoff value of SMI

X-tile plot analysis was conducted using X-tile version 3.6.1 software to confirm the optimal cut-off based on
the patient’s SMI index as well as OS. Prior researches indicated notable distinctions in skeletal muscle quality
between females and males?2. Therefore, we calculated separate cut-off values for each gender. The SMI cut-off
value for 44 male patients was determined to be 40.8 cm?/m?, resulting in 21 men (47.7%) being assigned to the
sarcopenia group and 23 men (52.3%) to the non-sarcopenia group (Fig. 3A, B). Similarly, 27 female patients
with an SMI cut-off of 37.9 cm?/m? were assigned to 13 women (48.1%) in the sarcopenia group and 14 women
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96 unresectable CRLM patients with chemotherapy-refractory who received DEB-

TACE were enrolled

Excluded (n=25)

® prior treatment with hepatectomy, radiation,
orthermoablation of the liver (n=9);

® liver metastases burden exceeded 70% of
livevolume (n=8);

® severe hepatic failure or renal impairment (n=4);

® patients with incomplete medical records(n=4).
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Fig. 2. Patient selection flowchart. CRLM: colorectal cancer liver metastases; DEB-TACE: drug-eluting bead
transarterial chemoembolization.

(51.9%) in the non-sarcopenia group (Fig. 3D, E). The Kaplan-Meier curves for OS of both sexes between the
two groups (male: p=0.020; female: p=0.004) are presented in Fig. 3C, E

Treatment response

The median number of DEB-TACE treatments was 3.0 in sarcopenia group and 3.3 in non-sarcopenia group.
Imaging assessment information with RECIST, version 1.1, response was conducted after the initial treatment
are listed in Table 2. In the sarcopenia group, 4 out of 34 patients (11.8%) met the PR criteria, 13 patients (38.2%)
achieved SD, 17 patients (50.0%) were PD, and there were no cases of CR. In the non-sarcopenia group, 12
patients (32.4%) met the PR criteria, 14 patients (37.9%) achieved SD, and 11 patients (29.7%) were PD. No cases
of CR occurred in this group as well. The ORR of tumor response in the non-sarcopenia group was 32.4%, which
was higher than the sarcopenia group’s ORR of 11.8% (p =0.037). Although there was no statistically significant
difference, the DCR of tumor response was higher in the non-sarcopenia group than sarcopenia group (70.3%
versus 50.0%, p=0.081).

The median PFS was longer in the non-sarcopenia group (6.1 months, 95% confidence interval [CI]: 5.0,
7.2 months) compared with the sarcopenia group (4.3 months, 95% CI: 3.5, 5.1 months) (p=0.012) (Fig. 4A).
Similarly, the median OS was also significantly longer in the non-sarcopenia group than in the sarcopenia group
(14.8 months [95% CI 11.1-18.5 months] versus 10.2 months [95% CI 8.9-11.5 months], p <0.001) (Fig. 4B). The
half-year OS in the non-sarcopenia group was 91.9%, which was higher than the 73.5% in the sarcopenia group
(p=0.039). Moreover, the one-year OS was also significantly higher in the non-sarcopenia group compared to
the sarcopenia group (56.8% versus 26.5%, p=0.010).

Sarcopenia associated with PFS and OS

At univariable analysis of PFS, the ECOG performance, location of liver metastases, extrahepatic metastases,
neutrophil-to-lymphocyte ratio (NLR)>5 and sarcopenia were considered as potential variables for the
multivariable analysis in the CRLM patients. After adjustment by multivariant Cox regression model, the
extrahepatic metastases (HR 2.069; 95% CI 1.221-3.506, p=0.007), NLR>5 (HR 1.884; 95% CI 1.094-3.245,
p=0.022) and sarcopenia (HR 1.900; 95% CI 1.141-3.163, p=0.014) were independent risk factors in predicting
PFS in CRLM patients (Table 3).

In the univariable analyses of OS in patients with CRLM, candidate variables included ECOG performance,
synchronous metastatic status, extrahepatic metastases, NLR>5, and sarcopenia. The final multivariable
analysis revealed that extrahepatic metastases (HR 2.204; 95% CI 1.266-3.838, p=0.005), NLR>5 (HR 2.103;
95% CI 1.162-3.805, p=0.014), and sarcopenia (HR 2.609; 95% CI 1.488-4.575, p<0.001) were identified as
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Gender 0.973
Male 21 (61.8%) 23 (62.2%)

Female 13 (38.2%) 14 (37.8%)

Age (years) 55.5+9.73 56.7+11.1 0.630
Height (m) 1.64+0.08 1.65+0.09 0.805
ECOG performance 0.377
0 13 (38.2%) 18 (48.6%)

1 21 (61.8%) 19 (51.4%)

Primary site 0.904
Rectum 17(50.0%) 17(45.9%)

Left colon 11(32.4%) 12(32.4%)

Right colon 6(17.6%) 8(21.6%)

Synchronous metastases 0.439
Yes 15 (44.1%) 13 (35.1%)

No 19 (55.9%) 24 (64.9%)

Location of liver metastases 0.590
Bilobar 30 (88.2%) 31 (83.8%)

Unilobar 4(11.8%) 6 (16.2%)

Largest lesion (cm) | 4.9+3.3 4.1+2.7 0.260
Extrahepatic metastases 0.600
Yes 14 (41.2%) 13 (35.1%)

No 20 (58.8%) 24 (64.9%)
NLR 55+3.1 42+27 0.059
SMA (cm?) 100.1+12.6 125.7+£19.7 <0.001
SMI (cm?m?) 36.8+3.0 459+5.1 <0.001

Table 1. Patient demographic and clinical characteristics. SD, standard deviation; ECOG: Eastern Cooperative
Oncology Group; NLR: neutrophil-to-lymphocyte ratio; SMA: skeletal muscle area; SMI: skeletal muscle index.
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Fig. 3. The optimal cutoft points for SMI classification were determined with the X-tile software. Histograms,
X-tile plots, and Kaplan-Meier curves were made for males (A-C) and females (D-F) separately. SMI: skeletal
muscle index.
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Parameter Sarcopenia (n=34) | Non-sarcopenia (n=37) | p value
Partial response 4(11.8%) 12 (32.4%) 0.037
Overall response rate | 4 (11.8%) 12 (32.4%) 0.037
Stable disease 13 (38.2%) 14 (37.9%) 0.973
Progressive disease 17 (50.0%) 11 (29.7%) 0.081
Disease control rate | 17 (50.0%) 26 (70.3%) 0.081

Table 2. Treatment response.
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Fig. 4. Kaplan-Meier curves of PFS (A) and OS (B) in patients with and without sarcopenia. PFS: progression-
free survival; OS: overall survival.
Univariate analysis Multivariate analysis
Variables HR (95%CI) pvalue | HR (95%CI) p value
Gender (male/female) 1.285 (0.78-2.114) 0.325 - -
Age 1.005 (0.984-1.025) | 0.662 |- -
Height 1.452 (0.062-34.225) | 0.817
ECOG performance (1/0) 1.519 (0.915-2.522) | 0.096 | 1.661 (0.984-2.804) | 0.058
Primary site - B
Rectum Ref Ref
Left colon 1.262 (0.734-2.172) | 0.4
Right colon 1.065 (0.546-2.078) | 0.854
Synchronous metastatic (yes/no) 1.309 (0.78-2.196) 0.309
Location of liver metastases (bilobar/unilobar) | 1.981 (0.972-4.038) | 0.06 2.069 (0.971-4.406) | 0.059
Extrahepatic metastases (yes/no) 2.15(1.282-3.608) 0.004 2.069 (1.221-3.506) | 0.007
Largest lesion 1.07 (0.979-1.17) 0.134
NLR (£5/>5) 1.996 (1.179-3.378) | 0.01 | 1.884 (1.094-3.245) | 0.022
Sarcopenia (yes/no) 1.841 (1.125-3.015) | 0.015 1.900 (1.141-3.163) | 0.014
Table 3. Univariate and multivariate Cox’s regression analysis for PES. HR: hazard ratio; CI: confidence
interval; ECOG: Eastern Cooperative Oncology Group; NLR: neutrophil-to-lymphocyte ratio.
independent risk factors for OS in CRLM patients (Table 4). In the subgroup analysis, Fig. 5 illustrates the HR of
sarcopenia based on the patients’ clinical characteristics and survival. The analysis revealed that non-sarcopenia
consistently showed beneficial effects on OS in all tested subgroups. Statistically significant differences were
noted in all subgroups except for patients with right colon, ECOG =0, unbilobar, non-extrahepatic metastases,
and NLR<5.
Given that the study groups (sarcopenia and non-sarcopenia) employed SMI as the primary risk factor
in a categorical form, we conducted a Cox regression analysis using SMI as a continuous variable to ensure
Scientific Reports | (2025) 15:11097 | https://doi.org/10.1038/s41598-025-95782-5 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Univariate analysis Multivariate analysis
Variables HR (95%CI) p value | HR (95%CI) p value
Gender (male/female) 1.029 (0.799-1.325) | 0.826 - -
Age 1.003 (0.981-1.025) | 0.809 - -
Height 0.526 (0.019-14.49) | 0.704
ECOG performance (1/0) 1.529 (0.907-2.579) | 0.098 1.525(0.89-2.613) | 0.125
Primary site - -
Rectum Ref Ref
Left colon 1.399 (0.796-2.458) | 0.243
Right colon 1.907 (0.962-3.782) | 0.065
Synchronous metastatic (yes/no) 1.955 (1.132-3.377) | 0.016 1.438 (0.809-2.557) | 0.216
Location of liver metastases (bilobar/unilobar) | 1.629 (0.771-3.445) | 0.201 - -
Extrahepatic metastases (yes/no) 2.339 (1.363-4.015) | 0.002 2.204 (1.266-3.838) | 0.005
Largest lesion 1.055 (0.956-1.164) | 0.29
NLR (£5/>5) 2.067 (1.191-3.585) | 0.01 2.103 (1.162-3.805) | 0.014
Sarcopenia (yes/no) 2.509 (1.474-4.27) | <0.001 | 2.609 (1.488-4.575) | <0.001

Table 4. Univariate and multivariate Cox’s regression analysis for OS. HR: hazard ratio; CI: confidence
interval; ECOG: Eastern Cooperative Oncology Group; NLR: neutrophil-to-lymphocyte ratio.

Subgroup Sarcopenia Non-sarcopenia : HR (95% Cl)
Age(years) :

<55 13 16 e 2.58 (1.13 to 5.84)

=55 21 21 —— 2.40 (1.19 to 4.84)
Gender :

Male 21 23 ——— 2.18 (1.10 to 4.30)

Female 13 14 ; . 3.33(1.39 to 7.97)
Primary site :
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ECOG X
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1 21 19 : * 3.41 (1.60 to 7.24)
Synchronous metastases |

Yes 15 13 E ® 3.30 (1.23 to 8.81)

No 19 24 ——— 2.59 (1.28 to 5.25)
Location of liver metastases :

Bilobar 30 31 | —— 2.84 (1.60 to 5.05)

Unilobar 4 6 e 1.49 (0.29 to 7.62)
Extrahepatic Metastases ;

Yes 20 24 E ——————— 2.73 (1.36 to 5.49)

No 14 13 e 2.20 (0.90 to 5.39)
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Fig. 5. Forest plot depicting hazard ratios of the sarcopenia and without sarcopenia. HR: hazard ratio; CI:
confidence interval; ECOG: Eastern Cooperative Oncology Group; NLR: neutrophil-to-lymphocyte ratio.

the robustness and scientific rigor of our study’s conclusions. In the univariate analysis, SMI emerged as an
independent influencing factor for both PFS and OS in patients with CRLM. Furthermore, in the multivariate
regression models, SMI was identified as an independent risk factor for predicting PFS (HR 0.951; 95% CI
0.915-0.989, P=0.012) and OS (HR 0.913; 95% CI 0.870-0.958, P<0.001) in the CRLM patient population
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Adverse Events Sarcopenia (n=103) | Non-sarcopenia (n=122) | p value
Vomiting/Nausea 76 (73.8%) 52 (42.6%) <0.001
Abdominal distension | 57 (55.3%) 59 (48.4%) 0.297
Fatigue 45 (43.7%) 34 (27.9%) 0.013
Abdominal pain 43 (41.7%) 28 (23.0%) 0.003
Fever 24 (23.3%) 27 (22.1%) 0.835
Hyperbilirubinemia 10 (9.7%) 14 (11.5%) 0.669

Table 5. Adverse events associated with DEB-TACE (225 procedures).

(Supplementary Table 1 and Supplementary Table 2). The findings indicate that utilizing SMI as a continuous
variable yields conclusions consistent with those derived from treating SMI as a categorical variable,
demonstrating that sarcopenia possesses significant predictive value for PFS and OS in unresectable CRLM
patient. To further substantiate the validity of our conclusions, we generated receiver operating characteristic
(ROC) curves for OS at various time points and calculated the corresponding area under the curve (AUC) value.
Additionally, we constructed Kaplan-Meier survival curves for OS, utilizing the Youden index at 0.5-year and
1-year as optimal cutoff values (0.5-year: SMI=37.8; 1-year: SMI=43.6), which yielded results consistent with
the result of using SMI as the categorical variable (Supplementary Fig. 1).

Adverse events

The adverse events (AEs) related to DEB-TACE treatments in both groups are presented in Table 5. No
death events related to the treatment occurred in our study. Patients with sarcopenia were found to have a
higher likelihood of experiencing vomiting compared to non-sarcopenic patients (73.8% vs 42.6%, p <0.001).
Additionally, the incidence of fatigue and abdominal pain was higher in the sarcopenia group compared to
the non-sarcopenia group (43.7% versus 27.9%, p=0.013; 41.7% versus 23.0%, p=0.003). The probability of
experiencing abdominal distension, fever, and hyperbilirubinemia did not significantly differ between the two
groups (p>0.05). No grade 4 or 5 toxicities related to DEB-TACE procedures were observed. In the sarcopenia
group, three episodes of severe vomiting (grade 3) and four episodes of severe fever (grade 3) were observed.
Similarly, the non-sarcopenia group experienced two episodes of severe vomiting (grade 3) and two episodes
of severe fever (grade 3). The remaining adverse events were mostly mild to moderate, and all patients received
successful symptomatic treatment, enabling timely administration of subsequent DEB-TACE operations.

Discussion

This study demonstrated that sarcopenia is an independent predictor of unresectable CRLM patients treated
with DEB-TACE treatment following failed chemotherapy. Patients without sarcopenia had better treatment
outcomes compared to those with sarcopenia. Moreover, we observed that patients with sarcopenia may
experience a higher incidence of post-operation vomiting/nausea, fatigue, and abdominal pain when compared
to non-sarcopenic patients. To our knowledge, this study is the first to investigate the association of sarcopenia
with treatment outcomes in unresectable CRLM patients undergoing DEB-TACE.

Previous studies have shown that sarcopenia is associated the prognosis of treatment for tumor, such as head
and neck cancer, stomach cancer, and pancreatic cancer?*~*. Our study found that patients with non-sarcopenia
had higher PFS and OS compared to the patients with sarcopenia who received DEB-TACE in patients with
CRLM. Chen W et al. found that patients with sarcopenia after undergoing resection of liver metastases from
rectal cancer had a poorer prognosis®®, which aligns with our findings. In contrast, Thormann M et al. discovered
that sarcopenia alone did not serve as an independent predictor of therapy outcomes in patients with CRLM
who underwent interstitial brachytherapy?”. The conflicting outcomes noted in these studies may be attributed
to variations in cut-off values, discrepancies in the selection of clinical features, and differences in treatment
modalities. The findings of our study indicate that sarcopenia serves as a prognostic factor in patients with
CRLM. Clinically, this underscores the necessity of prioritizing the prevention of sarcopenia in this patient
population. Prior research has demonstrated that enhanced nutritional intake and regular exercise can effectively
prevent and ameliorate sarcopenia®®?, offering novel strategies for improving the prognosis of unresectable
CRLM patients who underwent DEB-TACE treatments.

On CT images, sarcopenia is characterized by a reduction in skeletal muscle mass. Nevertheless, the
underlying mechanisms that impact prognosis are still unclear and require further investigation. Sarcopenia can
have an impact on physical activity and give rise to metabolic disorders, including heat regulation, amino acid
metabolism, and insulin sensitivity?®*’. The disorder of these metabolic activities will deal a severe blow to the
body of the patients, adding to the already existing burden of the tumor and potentially affecting the prognosis
of the tumor. Multiple studies have demonstrated that systemic inflammation, induced by inflammatory
mediators generated from increased tumor metabolic activity in cancer patients, is linked to an elevated risk of
sarcopenia®!*2. Consequently, patients with sarcopenia are apt to exhibit higher levels of NLR compared to those
without sarcopenia. Our findings align with this pattern, as we observed higher NLR values in patients with
sarcopenia, although the difference was not statistically significant. The inflammatory response in patients with
sarcopenia may contribute to the progression of liver metastases and reduce the efficacy of DEB-TACE therapy.

Cox regression analysis illustrated that sarcopenia was identified as an independent risk element on PFS and
OS in patients with CRLM. Furthermore, our findings consistently demonstrated that non-sarcopenic individuals
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exhibited a favorable effect on OS across all tested subgroups. Notably, statistically significant differences were
observed in all subgroups except for right colon, ECOG=0, unbilobar, non-extrahepatic metastases, and
NLR <5, thereby highlighting sarcopenia as an independent risk factor for long-term prognosis. Besides, our
study revealed that NLR and extrahepatic metastases were also identified as independent risk factors for PFS
and OS, consistent with findings from previous studies®’. The presence of extrahepatic metastases may indicate
a more aggressive tumor with a higher metastatic burden, posing greater challenges in controlling tumor
growth34, which could affect PES and OS in patients with unresectable CRLM. NLR, on the other hand, serves
as an indicator of the inflammatory response within the systemic circulation. An elevated NLR suggests a more
severe tumor-related inflammatory response, which in turn could affect the efficacy of tumor access therapy.

Previous research has noted the association between sarcopenia and complications following tumor treatment.
Pecorelli N et al. discovered that in patients following pancreaticoduodenectomy for cancer, sarcopenia was
associated with increased rates of adverse reactions and mortality, as well as longer hospital stays*>. A meta-
analysis revealed that sarcopenia is linked to a higher risk of complications following surgical resection of liver
metastases in colorectal cancer®. In this study, we observed that CRLM patients with sarcopenia were more
prone to experiencing AEs such as vomiting/nausea, fatigue, and abdominal pain. Although these symptoms
are self-limited and can be controlled with symptomatic treatment, they also highlight the importance of
conducting thorough preoperative conversations with patients who have sarcopenia, as they are more likely to
experience concerns from postoperative AEs. Moreover, patients with sarcopenia should pay more attention to
gastrointestinal protection and analgesic therapy after receiving DEB-TACE treatment to reduce postoperative
adverse reactions. Additionally, it is imperative to provide augmented postoperative nutritional support therapy
for patients with sarcopenia, which may subsequently reduce the incidence of associated complications. Notably,
our study found no instances of grade 3 side effects, suggesting that DEB-TACE is a safe treatment option.

The limitations of the present study were as follows. Firstly, the cut-off value for sarcopenia is based on
the association between SMI and survival date in our study. Nonetheless, using this cut-off value to predict
survival rate may involve a recirculation of information to some extent. To address this issue, we also examined
the association between SMI as a continuous variable and mortality in univariate and multivariate regression
analyses utilizing the Cox proportional hazards model. Furthermore, the Youden index was applied to predict
the population’s survival rate, and obtained results as with SMI based on cut-offs, which proves the scientific and
reproducible of our study. Secondly, due to the retrospective character of our research, it introduced potential
selection and time-dependent assessment biases. Thirdly, the limited population size of this study resulted in
the restriction of its power. Therefore, further convincing prospective randomized controlled studies with larger
scales are required to confirm our findings.

Conclusion

Sarcopenia demonstrated a strong predictive value for both PFS and OS in unresectable CRLM patients who
underwent DEB-TACE treatments. Besides, NLR > 5 and extrahepatic metastases were addressed for independent
risk factors linked to a poorer prognosis. Furthermore, patients with sarcopenia may face an increased likelihood
of experiencing adverse events following DEB-TACE treatments.

Availability and requirements

Tomovision SliceOmatic version 4.3 software URL is https://www.tomovision.com/products/sliceomatic.ht
ml

X-tile version 3.6.1 software URL is https://x-tile.software.informer.com/3.6/

IBM SPSS version 25.0 software URL is https://www.ibm.com/cn-zh/spss

R version 4.1.1 software URL is https://www.r-project.org/
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