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Objective: To investigated the association between sarcopenia and the prognosis and adverse events of hepatocellular carcinoma
(HCC) patients undergoing interventional therapy combined with immunotherapy and targeted therapy.

Methods: Between January 2019 and December 2022, patients with unresectable HCC who received interventional therapy combined
with immunotherapy and targeted therapy were included in this study. Total skeletal muscle area at the L3 level was normalized for
height in m? as the skeletal muscle index (SMI). All patients were divided into low and high SMI group according to the median SMI.
Results: Ninety-six consecutive patients were included eventually, with 49 patients in the high-SMI group and 47 patients in the low-
SMI group. In the low-SMI group, the median overall survival (OS) was 459.00 days (95% CI, 334.76-583.24 days), and the 3-, 6-,
and 12-month OS rates were 100%, 89.4% and 68.1%, respectively. In the high-SMI group, the median OS was not reached, and the
3-, 6-, and 12-month OS rates were 100%, 98% and 79.5%, respectively (p<0.05). SMI and Barcelona Clinic Liver Cancer (BCLC)
C stage were independent prognostic factors for OS (p<0.05). In the low-SMI group, 26 patients had treatment-related adverse events
(TRAES), resulting in dose adjustment or treatment suspension for 10 patients. In the high-SMI group, 33 patients had TRAEs, and 18
patients received dose adjustment or treatment suspension; the between-group difference was nonsignificant (p>0.05).

Conclusion: SMI is associated with the prognosis of HCC patients receiving interventional therapy combined with immunotherapy
and targeted therapy, and sarcopenia is an independent risk factor for OS. However, sarcopenia does not seem to predict the occurrence
of adverse events.

Keywords: hepatocellular carcinoma, sarcopenia, immune checkpoint inhibitors, tyrosine kinase inhibitors, transarterial
chemoembolization

Introduction

Primary liver cancer is the sixth most common cancer and the third leading cause of cancer death in the world,' and
hepatocellular carcinoma (HCC) accounts for 75%-85%. Since approximately half of HCC patients are diagnosed at an
advanced stage, the 5-year survival rate is only 18%.>* In recent years, studies on the treatment of advanced HCC have
emerged one after another, with studies on interventional therapy combined with immune checkpoint inhibitors (ICIs)
and tyrosine kinase inhibitors (TKIs), which was referred to triple therapy in the following text, being particularly
prominent. The latest research shows that this combination therapy can effectively improve the survival rate of patients
with advanced HCC, yielding encouraging results.* ® Many studies have also revealed the mechanism of this combina-
tion therapy from various aspects.” Although these results are promising, we are still unable to confirm the indicators that
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can precisely predict the response of patients to triple therapy. The purpose of this study is to accurately stratify patients
and improve treatment efficiency. On the other hand, for those patients who may have a poor prognosis despite the use of
triple therapy, we can correct negative factors in time and expand the benefits of triple therapy.

Several prognostic biomarkers or staging systems have been developed to predict the prognosis of patients under-
going triple therapy, including hematological markers, infiltrating lymphocytes, vascular endothelial growth factor,
Barcelona Clinic Liver Cancer (BCLC) stage, and Child—Pugh score.*®® However, most of the above parameters
evaluated only one aspect related to the disease, such as lesion condition, organ function, and lack of consideration
for the overall nutrition and functional performance of the patient.'® However, in addition to the cancer stage and organ
function, the nutritional status and functional performance of patients will also affect the course of the disease and
prognosis.'' Therefore, it is necessary to consider the nutrition and functional performance of patients when evaluating
the prognosis or the course of the disease.

Sarcopenia is a progressive and generalized skeletal muscle disorder involving the accelerated loss of muscle mass and
function.'' Although no consensus has been reached on the variables to be included or the cutoff points in sarcopenia, various
studies have shown that sarcopenia is associated with poorer prognosis in patients with liver cirrhosis, liver cancer, colorectal
cancer and lung cancer.'™"> In the field of liver cancer, Yang et al'® showed the effect of sarcopenia on the prognosis of
patients with hepatocellular carcinoma after surgical resection. Loosen et al'” found that sarcopenia is a poor prognostic
factor in patients with HCC who received transarterial chemoembolization (TACE). Studies by Uojima et al'® have also
shown that sarcopenia is related to the tolerability of lenvatinib use and the resulting prognosis in HCC patients. A meta
analysis has indicated that a low skeletal muscle mass is common among HCC patients undergoing systemic therapy,
including immunotherapy and targeted therapy, and is associated with poorer survival outcomes.'® Nonetheless, there are few
studies on the effects of sarcopenia on HCC patients undergoing triple therapy. Consequently, in this study, we aimed to
explore the relationship between sarcopenia and the prognosis of HCC patients receiving triple therapy.

Methods

Patients

Between January 2019 and December 2022, patients diagnosed with HCC who received triple treatment (TACE or HAIC
combined with TKIs and ICIs) from Cancer Hospital Chinese Academy of Medical Sciences were included in this
retrospective study. The diagnosis of HCC was based on imaging and serum AFP findings or on histological assessment.
The ethics committee approved the ethics of the study, and all participants signed informed consent for treatment. The
inclusion criteria were as follows: (a) > 18 years old, (b) estimated survival time > 30 days, (c) Eastern Cooperative
Oncology Group Performance Status (ECOG PS) score of 0—1, (d) liver function rated as Child—Pugh B or C class, and
(e) at least one measurable target lesion evaluated by Response Evaluation Criteria in Solid Tumors, version 1.1
(RECIST 1.1) and modified RECIST (mRECIST). The exclusion criteria were as follows: (a) history of other malignant
tumors and (b) incomplete clinical data or loss to follow-up (Figure 1).

Clinical Parameters

Clinical characteristics, including baseline characteristics, demographic information, hepatitis, cirrhosis, tumor burden,
vascular invasion and extrahepatic metastasis, BCLC stage, and Child—Pugh class, were collected through medical
records and follow-up. Laboratory test results, including those for white blood cells (WBCs), red blood cells (RBCs),
hemoglobin (Hb), platelets (PLTs), prothrombin time (PT), albumin (ALB), alkaline phosphatase (ALP), international
normalized ratio (INR), alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TBIL), direct
bilirubin (DBIL), glucose (GLU), creatinine (Cre), and gamma-glutamyltransferase (GGT), were also analyzed.

Treatment Procedures

The TACE procedure was as follows: with the patients under local anesthesia, right femoral access was established using
a 5-Fr vessel access kit (Radiofocus; Terumo) by the Seldinger method. Angiographies of the superior mesenteric and
common hepatic arteries using a 0.035-inch hydrophilic wire and a 5-Fr Rosch hepatic catheter. Then, we infused 50 mg/m*
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114 patients undergoing triple
therapy were included

Excluding:
1. incomplete clinical data or loss to follow-up (n =16)
2. history of other malignant tumors (n = 2)

96 patients included in the
study

the cutoff value for sarcopenia (45.37 cm2/m2 in male
patients, 36.33 cm2/m2 in female patients)

|
v v

Low-SMI group
(sarcopenia group)
n =47

High-SMI group
n =49

Figure | Flow chart of research design.

lobaplatin over 15 min through a 2.4-Fr microcatheter into the proper, lobar or segmental hepatic artery. Subsequently,
lobaplatin was admixed at a 1:1 ratio in an iodized oil emulsion and infused through the microcatheter into the feeding artery
at the segmental, subsegmental, or more peripheral level. Finally, if necessary, additional embolization with gelation sponge
or polyvinyl alcohol particles (350-560 um) was performed until stasis or near stasis of arterial flow was achieved. In terms
of hepatic arterial infusion chemotherapy with fluorouracil, leucovorin, and oxaliplatin (FOLFOX-HAIC), a 5-Fr catheter
was inserted into the celiac trunk or superior mesenteric artery for arteriography. Then, a 2.7 Fr microcatheter was
superselected into the tumor- and thrombus-feeding arteries. The interventional radiologists confirmed blood flow into the
gastroduodenal artery by microcatheter angiography and embolized the route with a coil or microcoil to prevent chemother-
apeutic drug reflux to the stomach and duodenum. The peripheral part of the catheter exposed outside was covered with
sterile gauze and fastened on the thigh skin with rubberized fabric and bandage. Chemotherapeutic agents were infused
within 2 days after catheter insertion. The following chemotherapeutic agents were sequentially infused into the hepatic
artery by connecting an arterial pump: oxaliplatin (85 mg/m? for 2—4 hours), leucovorin (400 mg/m? for 2 hours), and
fluorouracil (400 mg/m> for 1 hour and another 2400 mg/m? for more than 46 hours). Repeated TACE was conducted
according to need. The treatment interval of HAIC was 46 weeks.

Additionally, before or after interventional treatment within 1 month, patients received TKIs and ICIs. TKIs included
lenvatinib (8 mg/day or 12 mg/day), sorafenib (800 mg/day) or regorafenib (80—160 mg/day). The included ICIs were
toripalimab (3 mg/kg every 2 weeks intravenously) and camrelizumab (200 mg every 3 weeks intravenously). The
medications allowed for adjustment according to toxicity or disease state.

The treatment plan for each patient is individually tailored by a multidisciplinary team consisting of two interven-
tional radiologists, two oncologists, and one radiologist. This team takes into account the patient’s imaging results,
serological manifestations, and tolerance to treatment. Adjustments to the treatment plan or drug dosages may be made in
the event of disease progression or if the patient experiences intolerable side effects.

Definition
Based on the latest CT images within one month before triple therapy, the total cross-sectional areas of skeletal muscle,
visceral adipose tissue and subcutaneous adipose tissue at the L3 level for each patient were measured independently by
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A Sarcopenia B Normal

Figure 2 Computed tomographic scans showing areas of skeletal muscle (red, green, and blue), visceral adipose tissue (yellow), and subcutaneous adipose tissue (purple) in
patients with sarcopenia (A) and without sarcopenia (B).

two researchers in a blinded fashion. Core Slicer (www.coreslicer.com) was used to identify and quantify skeletal muscle,

subcutaneous adipose tissue, visceral adipose tissue and their total cross-sectional area in Hounsfield units (HU). The
threshold range was defined as follows: skeletal muscle was defined as —29 HU to 150 HU, subcutaneous adipose tissue
was defined as —190 HU to —30 HU, and visceral adipose tissue was defined as —150 HU to —50 HU (Figure 2A and B).
As an internationally recognized standard for the evaluation of sarcopenia, SMI is considered to represent the level of
muscle mass.'®?® Therefore, in our research, we used skeletal muscle index (SMI) as the criterion for assessing
sarcopenia. Notably, although several academic organizations have published diagnostic criteria for sarcopenia, an
agreement has not been reached.”® % In terms of previous studies, the cut-off point of SMI may be the median, the
optimal cut-off value, or according to the recommendations of academic society groups, which may differ depending on
the number of patients or by patient ethnicity.”® In this study, to reduce the influence of factors other than SMI, we
defined the median value of SMI as the cutoff value for sarcopenia. Body mass index (BMI) was defined as weight (kg)/
height (m?), and SMI was defined as the total cross-sectional skeletal muscle area in the L3 plane (cm?)/height (m?).
Finally, based on the level of SMI, patients were divided into two groups: a high-SMI group and a low-SMI group.

Research Endpoint

The primary endpoint of our study was to investigate the influence of sarcopenia on the prognosis of HCC patients
treated with triple therapy. OS was defined as the number of days from therapy initiation to either death or December 30,
2022, whichever came first. The secondary endpoint is to observe the relationship between sarcopenia and the incidence
of key adverse events (AEs) in triple therapy. AEs were evaluated according to Common terminology criteria for adverse
of US National Cancer Institute (NCI).**

Statistical Analysis

For continuous parametric data, an independent-samples ¢ test was performed for comparison. For categorical parametric
variables, we used Pearson’s chi-square test, Yates’s correction for continuity and Fisher’s exact test. Nonparametric data
were compared with the Mann—Whitney U-test. Correlation analyses were performed using the Pearson correlation
coefficient. Using the R packages “survival” and “survfit” to analyze the prognostic difference. The “maxstat” R package
was used to identify the optimal cutoff value of SMI. Log rank test was used to evaluate the statistical difference.
Furthermore, univariate and multivariate Cox regression analyses were used to explore independent prognostic factors
associated with triple therapy, and parameters with p values < 0.05 in the univariate analysis were included in the
multivariate analysis. All statistical analyses were performed using SPSS (version 25.0, Chicago, IL, USA) and
R (version 4.2.0).
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Result
Patient Characteristics

After strict exclusion, a total of 96 patients were included in this study. The baseline characteristics of all included

patients are shown in Table 1. A total of 87 (90.63%) patients were male, and 9 (9.38%) patients were female. The mean
age of all patients was 57.04£9.96 years (range: 31—79 years) and the mean BMI was 22.75+3.54 kg/m” (range: 12.54—
30.41 kg/m?). Of all the patients, 40 (41.67%) patients had BCLC stage B disease, 56 (58.33%) had BCLC stage
C disease. A total of 85 (88.54%) patients suffered from cirrhosis. Additionally, a total of 20 (20.83%) patients had

extrahepatic metastasis, and 37 (38.54%) patients had macrovascular invasion. The mean SMI was 45.55£6.79 cm?/m

2

(range: 33.0 9-63.33 cm?/m?) and the median values of SMI as the cutoff value for sarcopenia were 45.37 cm*/m? in

male patients and 36.33 cm?/m? in female patients, respectively.

Table | The baseline characteristics of all included patients

Characteristics Low SMI (n=47) High SMI (n=49) Total (n=96) p value
Sex 1.000
Male 43 (44.79%) 44 (45.83%) 87 (90.63%)
Female 4(4.17%) 5(5.21%) 9(9.38%)
Age 0.205
Mean+SD 58.36%9.11 55.78+10.65 57.04£9.96
Median[min-max] 59.00[40.00,79.00] 57.00[31.00,77.00] 57.00[31.00,79.00]
Lesions 0.195
Solitary 9(9.38%) 15 (15.63%) 24 (25.00%)
Multiple 38 (39.58%) 34 (35.42%) 72 (75.00%)
Maximum tumor dimension (cm) 0.003
Mean+SD 8.90+4.95 5.94+3.67 7.39+4.57
Median[min-max] 9.80[0.50,18.20] 6.00[0.60,14.20] 7.00[0.50,18.20]
Macrovascular invasion 0.962
No 29 (30.21%) 30 (31.25%) 59 (61.46%)
Yes 18 (18.75%) 19 (19.79%) 37 (38.54%)
Extrahepatic metastasis 0.544
No 36 (37.50%) 40 (41.67%) 76 (79.17%)
Yes I (11.46%) 9(9.38%) 20 (20.83%)
BCLC stage 0.863
B 20 (20.83%) 20 (20.83%) 40 (41.67%)
C 27 (28.13%) 29 (30.21%) 56 (58.33%)
SMI (cm?/m?) <0.01
Mean+SD 40.35+3.07 50.54+5.52 45.55+6.79
Median[min-max] 40.71[33.09,44.96] 50.20[36.33,63.33] 44.82[33.09,63.33]
BMI (kg/m?) <0.0|
Mean+SD 21.54+2.89 24.66+2.84 22.75%3.54
Median[min-max] 22.23[15.67,26.89] 24.49[18.81,30.41] 23.25[12.54,30.41]
Visceral adipose tissue (cmz) <0.01
Mean+SD 120.65+59.06 163.73£84.61 142.64+75.99
Median[min-max] 120.11[5.74,229.72] 145.44[27.98,376.32] 128.97[5.74,376.32]
Subcutaneous adipose tissue (sz) <0.01
Mean+SD 106.42+50.44 149.68+58.09 128.50+58.39
Median[min-max] 106.59[3.36,213.92] 145.63[42.01,349.48] 123.03[3.36,349.48]
Interventional therapy cycle
Mean+SD 2.96x1.87 3.47£2.76 3224237 0.292
Median[min-max] 2.00[1.00,8.00] 3.00[1.00,13.00] 2.00[1.00,13.00]

(Continued)
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Table 1 (Continued).

Characteristics Low SMI (n=47) High SMI (n=49) Total (n=96) p value
Targeted and immunotherapy cycle
Mean+SD 8.50+4.93 9.43+6.05 8.98+5.52 0416
Median[min-max] 8.00[1.00,24.00] 8.00[3.00,26.00] 8.00[1.00,26.00]
Hepatitis 0.234
No 5(5.21%) 3(3.13%) 8(8.33%)
HBV 38 (39.58%) 45 (46.88%) 83 (86.46%)
HCV 4(4.17%) 1(1.04%) 5(5.21%)
Cirrhosis 0.126
No 3(3.13%) 8(8.33%) I (11.46%)
Yes 44 (45.83%) 41 (42.71%) 85 (88.54%)
AFP (ng/ml) 0.065
AFP < 400 25 (26.04%) 35 (36.46%) 60 (62.50%)
AFP = 400 22 (22.92%) 14 (14.58%) 36 (37.50%)
WBC 0.302
Mean+SD 6.19+1.87 5.81%1.72 6.00+1.80
Median[min-max] 5.95[2.94,11.37] 5.73[2.67,9.85] 5.83[2.67,11.37]
Neut 0.109
Mean+SD 6.69+12.39 3.751.42 5.19+8.80
Median[min-max] 4.04[1.66,69.80] 3.47[1.60,7.34] 3.78[1.60,69.80]
Lymph 0.741
Mean+SD 1.49£0.58 1.52+0.49 1.50£0.53
Median[min-max] 1.40[0.51,2.99] 1.54[0.52,2.88] 1.46[0.51,2.99]
Mono 0.329
Mean+SD 0.58+1.13 0.42+0.18 0.49+0.80
Median[min-max] 0.38[0.09,8.00] 0.39[0.13,0.97] 0.38[0.09,8.00]
RBC 0.262
Mean+SD 4.70£0.82 4.78+0.49 4.74£0.67
Median[min-max] 4.64[3.23,7.18] 4.80[3.93,6.62] 4.75[3.23,7.18]
Hb 0.098
Mean+SD 141.54£29.79 149.02+14.69 145.36£23.51
Median[min-max] 143.00[4.38,202.00] | 151.00[109.00,178.00] | 148.50[4.38,202.00]
PLT 0.018
Mean+SD 203.36+89.19 163.06£69.46 182.79+81.85
Median[min-max] 210.00[65.00,521.00] | 156.00[51.00,379.00] | 175.00[51.00,521.00]
PT 0.148
Mean+SD 11.92£1.21 12.34£1.56 12.13£1.40
Median[min-max] 11.70[9.90,15.30] 12.00[10.40,20.20] 11.90[9.90,20.20]
INR 0.063
Mean+SD 1.04£0.10 1.08+0.13 1.060.12
Median[min-max] 1.03[0.87,1.33] 1.06[0.91,1.75] 1.04[0.87,1.75]
D-Dimer 0.926
Mean+SD 1.11+0.88 1.14+1.87 1.13+1.46
Median[min-max] 0.90[0.09,3.86] 0.47[0.05,10.98] 0.69[0.05,10.98]
ALT 0.615
Mean+SD 45.61+30.84 42.25+34.39 43.90+32.57
Median[min-max] 37.60[7.00,176.70] 39.00[11.60,243.80] 37.75[7.00,243.80]
AST 0.015
Mean+SD 67.32+40.39 51.49+32.14 59.24+37.08
Median[min-max] 55.70[12.00,174.40] 42.30[19.50,171.00] 51.10[12.00,174.40]
GGT 0.199
Mean+SD 160.74+100.86 127.89+143.60 143.98+124.97

(Continued)
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Table | (Continued).

Characteristics Low SMI (n=47) High SMI (n=49) Total (n=96) p value
Median[min-max] 150.10[17.80,524.50] 87.80[23.00,839.10] 111.20[17.80,839.10]

ALP 0.033
Mean+SD 143.44+57.70 120.23+51.82 131.59+55.72
Median[min-max] 124.40[64.30,282.90] | 106.00[60.50,315.20] | 114.65[60.50,315.20]

GLU 0.315
Mean+SD 5.51%1.21 5.82+1.76 5.67+1.52

Median[min-max] 5.36[3.52,9.52] 5.44[4.00,14.17] 5.38[3.52,14.17]

TBIL 0.751
Mean+SD 22.39+20.39 21.29+12.50 21.83+16.75

Median[min-max] 18.50[9.10,151.40] 18.10[5.40,77.00] 18.40[5.40,151.40]

DBIL 0.142
MeanSD 6.91£10.42 5.73£5.44 6.31+£8.24

Median[min-max] 5.30[1.60,72.10] 4.10[1.60,33.30] 4.30[1.60,72.10]

Cre 0.502
Mean+SD 68.44+13.95 70.39+14.42 69.44+14.15

Median[min-max] 68.00[45.90,112.90] 67.70[48.10,125.60] 67.85[45.90,125.60]

ALB 0.367
Mean+SD 40.11+5.23 40.72+4.53 40.42+4.87

Median[min-max] 40.50[27.10,53.80] 41.30[30.40,47.40] 40.90[27.10,53.80]

Child—Pugh class 0.351
A 44 (45.83%) 42 (43.75%) 86 (89.58%)

B 3(3.13%) 7(7.29%) 10 (10.42%)

Down-stage surgery 0.399
No 42 (43.75%) 47 (48.96%) 89 (92.71%)

Yes 5(5.21%) 2(2.08%) 7(7.29%)

Radiation Therapy 0.067
No 40 (41.67%) 34 (35.42%) 75 (78.13%)

Yes 7(7.29%) 15 (15.63%) 21 (21.88%)

Abbreviations: SM, skeletal muscle index; SD, standard deviation; BMI, body mass index; HBV, hepatitis B virus; HCV, hepatitis C virus; AFP, alpha-
fetoprotein; WBC, white blood cell; Neut, neutrophils ; Lymph, lymphocyte; Mono, monocyte; RBC, red blood cell ; Hb, hemoglobin ; PLT, platelet; PT,
prothrombin time; INR, international standardized ratio; ALT, glutamic-pyruvic transaminase; AST, glutamic oxaloacetic transaminase; GGT, y glutamyl

transpeptidase; ALP, alkaline phosphatase; GLU, glucose; TBIL, total bilirubin; DBIL, direct bilirubin; Cre, creatinine; ALB, albumin.

Efficacy and Safety

The median follow-up was 680 days (range, 567-793 days). During the study period, the median number of interven-
tional procedures per patient was 2 cycles (range, 1-13 cycles), and the median number of immunotherapy cycles was 8
cycles (range, 1-26 cycles). During the follow-up, 50 (47.9%) patients died. The median OS of all patients was 553 days
(95% CI, 422—684 days), and the 3-, 6-, and 12-month OS rates were 100%, 92.7%, and 73.9%, respectively.

According to the median of SMI (45.37 cm?/m” in male, 36.33 cm?/m? in female), the patients were divided into two
groups: high SMI (n = 49) and low SMI (n = 47). The mean SMI of the low- and high-SMI groups was 40.35+3.07
(range: 33.09—44.96) and 50.54+5.52 (range: 36.33—63.33), respectively.

During the study period, 59 (61.5%) patients had treatment-related AEs (TRAESs). Specifically, the most common
TRAE was fatigue, with 25 (26.0%) patients, followed by decreased appetite, hypertension and abnormal liver function,
with 21 (21.9%), 19 (19.8%) and 17 (17.7%) patients developing related symptoms, respectively (Table 2). In addition,
28 (29.2%) patients underwent adjustment or discontinuation of the drug due to TRAEs.

Sarcopenia and Disease Characteristics
As shown in Table 1, in the baseline comparison between the two groups, the SMI, BMI, areas of visceral and
subcutaneous adipose tissue of the low-SMI group patients were significantly lower than those of the high-SMI group
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Table 2 Treatment-related adverse events for all grades

TRAEs, n (%) Low-SMI | High-SMI Total
Fatigue 14 (14.6%) | 11 (11.5%) | 25 (26.0%)
Decreased appetite I (11.5%) | 10 (10.4%) | 21 (21.9%)
Hypertension 9 (9.4%) 10 (10.4%) | 19 (19.8%)
Abnormal liver function 7 (7.3%) 10 (10.4%) 17 (17.7%)
Weight decrease 5 (5.2%) 3 (3.1%) 8 (8.3%)
Hand-foot reaction 2 (2.1%) 5 (5.2%) 7 (7.3%)
Eczema 4 (4.2%) 3 (3.1%) 7 (7.3%)
Diarrhea 3 (3.1%) 3 (3.1%) 6 (6.3%)
Abdominal pain 2 (2.1%) 3 (3.1%) 5 (5.2%)
Oral mucositis 2 (2.1%) I (1.0%) 3 (3.1%)
Hyperbilirubinemia 1 (1.0%) 2 (2.1%) 3 (3.1%)
Immune-related adverse events 1 (1.0%) 2 (2.1%) 3 (3.1%)
Constipation 1 (1.0%) I (1.0%) 2 (2.1%)
Chest pain 1 (1.0%) I (1.0%) 2 (2.1%)
Proteinuria 1 (1.0%) I (1.0%) 2 (2.1%)
Limb edema 1 (1.0%) I (1.0%) 2 (2.1%)
Musculoskeletal pain 1 (1.0%) I (1.0%) 2 (2.1%)
Hypothyroidism 1 (1.0%) I (1.0%) 2 (2.1%)
Thrombocytopenia 1 (1.0%) I (1.0%) 2 (2.1%)
Pyrexia 1 (1.0%) 1 (1.0%) 2 (2.1%)
Gingival bleeding 1 (1.0%) 1 (1.0%) 2 (2.1%)
Headache I (1.0%) 1 (1.0%) 2 (2.1%)
Bone marrow suppression 0 (0%) 1 (1.0%) I (1.0%)

Abbreviations: TRAEs, treatment-related adverse events; SMI, skeletal muscle index.

Table 3 The correlation between SMI and BMI, maximum tumor dimension, the total cross-sectional areas of visceral adipose
tissue and subcutaneous adipose tissue, PLT, AST, ALP

BMI Maximum Tumor Areas of Visceral Areas of Subcutaneous PLT AST ALP
Dimension Adipose Tissue Adipose Tissue
Correlation 0.502 -0.354 0.371 0312 -0.312 -0.128 | -0.205
coefficient
p value <0.001 <0.001 <0.001 0.002 0.002 0.213 | 0.046

Abbreviations: SM, skeletal muscle index; BMI, body mass index; PLT, platelet; AST, glutamic oxaloacetic transaminase; ALP, alkaline phosphatase.

(p < 0.05), and the maximum tumor dimension in the low-SMI group was significantly higher than that in the high-SMI
group (p < 0.05). The levels of PLT, AST and ALP in the low-SMI group were higher than those in the high-SMI group
(p < 0.05). Furthermore, Pearson’s chi-square test was performed to test the correlation between SMI and the indicators
that showed significant differences between the two groups. As shown in Table 3, there was a significant positive
correlation between SMI and BMI, areas of visceral adipose tissue, and subcutaneous adipose tissue (correlation
coefficients: 0.502, 0.371, and 0.312, respectively, p < 0.05) and a negative correlation between SMI and maximum
tumor dimension, levels of PLT, and ALP (correlation coefficients: —0.354, —0.312, and —0.205, respectively, p < 0.05).

Sarcopenia and Prognosis

Kaplan—Meier survival analysis showed that the OS of high-SMI group was significantly higher than the low-SMI group
(Figure 3A, p < 0.05). For the low-SMI group, the median OS was 459.00 days (95% CI, 334.76-583.24 days), and the
3-, 6-, and 12-month OS rates were 100%, 89.4% and 68.1%, respectively. In terms of the high-SMI group, the median
OS was not reached, and the 3-, 6-, and 12-month OS rates were 100%, 98.0% and 79.5%, respectively. Figure 3B
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Figure 3 The overall survival (OS) of patients in high and low SMI groups. (A) The Kaplan-Meier curve showed that the OS of the high SMI group was significantly higher
than the low SMI group (p < 0.05). (B) The survival heatmap exhibited that with the increase of SMI, the OS of patients is higher and the death is less.

exhibited the relationship in detail between SMI and the prognosis of patients. To further elaborate the effect of SMI on

the prognosis of HCC patients with triple therapy, univariate and multivariate Cox regression analyses were conducted.
The results showed that SMI [HR: 0.945 (95% CI, 0.898-0.995)] and BCLC C stage [HR: 2.508 (95% CI, 1.307-4.633)]
were independent prognostic factors for HCC patients with triple therapy (Table 4, p < 0.05).

Table 4 Univariate and multivariate analyses of prognostic factors affecting overall survival

Univariate Cox-Regression Multivariate Cox-Regression
HR (95% CI) p value HR (95% CI) p value

Age (years) 1.010 (0.982-1.039) 0.470

Sex (male vs. female) 1.421 (0.638-3.165) 0.389

BMI (Kg/m?) 0.900 (0.826-0.981) 0.017 0.955 (0.863-1.058) 0.249
SMI (cm?m?) 0.933 (0.892-0.975) 0.002 0.945 (0.898-0.995) 0.031
Visceral adipose tissue (cmz) 0.999 (0.995-1.002) 0.428

Subcutaneous adipose tissue (cmz) 0.999 (0.994-1.004) 0618

Lesion size (cm) 1.069 (1.007-1.136) 0.029 0.998 (0.933-1.067) 0.944
Cirrhosis (no vs. yes) 1.396 (0.554-3.520) 0.479

BCLC stage (B vs. C) 2.168 (1.181-3.983) 0.013 2.508 (1.307-4.633) 0.006
Child-Pugh stage (A vs. B) 1.358 (0.657-2.803) 0.409

AFP (ng/ml) (<400 vs. 2400) 0.960 (0.538-1.712) 0.890

Downstage Surgery (no vs. yes) 1.203 (0.432-3.345) 0.724

Radiation therapy (no vs. yes) 1.561 (0.851-2.856) 0.150

Hepatitis

No Hepatitis 1.782 (0.755-4.206) 0.187

HBV 0.663 (0.309-1.422) 0.291

HCV 0.967 (0.234-4.002) 0.964

WBC 0.989 (0.849-1.152) 0.887

Neut 0.952 (0.868-1.044) 0.302

INR 0.502 (0.045-5.516) 0.573

Lymph 0.801 (0.475-1.350) 0.405

Mono 1.058 (0.818-1.368) 0.668

RBC 0.830 (0.523-1.317) 0.428

Hb 0.987 (0.974-1.001) 0.066 0.991 (0.978-1.005) 0.223
PLT 1.000 (0.997-1.003) 0.965

(Continued)
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Table 4 (Continued).

Univariate Cox-Regression Multivariate Cox-Regression
HR (95% CI) p value HR (95% CI) p value

PT 0.933 (0.756-1.152) 0.521

D-Dimer 1.036 (0.889-1.207) 0.652

ALT 1.000 (0.993-1.008) 0.965

AST 1.002 (0.995-1.008) 0.662

GGT 1.001 (0.999-1.003) 0.272

ALP 1.003 (0.998-1.007) 0.261

GLU 0.883 (0.711-1.095) 0.257

TBIL 0.981 (0.955-1.009) 0.177

DBIL 0.979 (0.936-1.024) 0.347

Cre 1.009 (0.987-1.030) 0.437

ALB 0.971 (0.919-1.025) 0.289

Abbreviations: BMI, body mass index; SMI, skeletal muscle index; AFP, alpha-fetoprotein; HBYV, hepatitis B virus; HCV, hepatitis C virus; WBC,
white blood cell; Neut, neutrophils; INR, international standardized ratio; Lymph, lymphocyte; Mono, monocyte; RBC, red blood cell;Hb,
hemoglobin ; PLT, platelet; PT, prothrombin time; ALT, glutamic-pyruvic transaminase; AST, glutamic oxaloacetic transaminase; GGT, y glutamyl
transpeptidase; ALP, alkaline phosphatase; GLU, glucose; TBIL, total bilirubin; DBIL, direct bilirubin; Cre, creatinine; ALB, albumin.

Taking into account that SMI was the independent prognostic factor and that choosing the median SMI as the cutoff
value for sarcopenia may not effectively distinguish the patients, the optimal cutoff value (43.55 cm?/m?® in male,
34.93 cm?/m? in female) was used as the critical point of sarcopenia. Under such conditions, the OS of the low-SMI
group was significantly reduced (Figure 4, p < 0.05), the median OS in low-SMI group was 404.00 days (95% CI,
352.73-455.27 days), and multivariate Cox regression showed that sarcopenia (SMI < 43.55 cm*m? in male, <
34.93 cm*/m? in female) was an independent negative prognostic factor [HR: 1.942 (95% CI, 1.030-3.661)].

Sarcopenia and Treatment-Related Adverse Events

In the low-SMI group, 26 patients had TRAEs, and 33 patients had TRAEs in the high-SMI group. There was no
significant difference in the number of TRAEs between the two groups (p = 0.226). As shown in Table 2, the most
common TRAEs were fatigue, decreased appetite, hypertension and abnormal liver function in both groups. Notably,
there were 10 patients in the low-SMI group and 18 patients in the high-SMI group with dose adjustment or treatment
suspension due to TRAEs, with no significant difference between the two groups (p = 0.96). The specific symptoms of
those who received dose adjustment or treatment suspension were mostly comprehensive, such as abnormal liver
function, hyperbilirubinemia, eczema and diarrhea.

Discussion

This study demonstrated that sarcopenia was an independent predictor for HCC patients treated with triple therapy by
using a cohort of 96 patients undergoing interventional therapy combined with TKIs and ICIs. In addition, by analyzing
the incidence of TRAESs in the two groups and comparing the dose adjustment or treatment suspension caused by TRAEs
between the two groups, we found that sarcopenia may not be effective in predicting the occurrence of adverse reactions.
To the best of our knowledge, this is the first study to investigate the correlation between sarcopenia and the prognosis of
HCC patients treated with triple therapy.

In terms of systemic therapy, several studies have indicated a relationship between the survival rates of HCC patients
undergoing systemic therapy treatment and sarcopenia.”> 2’ A meta-analysis incorporating 11 studies revealed that low
skeletal muscle mass is associated with poorer OS and shorter treatment failure time in HCC patients receiving sorafenib
or lenvatinib therapy.”® However, the majority of these studies were primarily focused on targeted monotherapies, such as
sorafenib or lenvatinib. Regarding the correlation between immunotherapy or immune-targeted combination therapy and
sarcopenia, multiple studies have presented varying perspectives.”’ % Kuo et al'® conducted a meta-analysis on the
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Figure 4 When the optimal cutoff value was selected as the cutoff value for sarcopenia, the difference in overall survival between the high and low SMI groups.

aforementioned studies, ultimately indicating the widespread presence of low skeletal muscle mass in HCC patients
undergoing different systemic treatment types, significantly correlating with adverse prognosis. Compared to our study,
despite differences in the cut-off values used in various studies, the majority utilized L3-SMI to assess muscle mass,
consistent with our research methodology.

As the treatment of HCC has entered the era of molecular and immunotherapy, in recent years, interventional therapy
combined with TKIs and ICIs has achieved encouraging results.***~** However, the application of triple therapy is limited
to some extent due to related cost factors.>> In addition, based on the great heterogeneity of HCC, such as the heterogeneity
of immune checkpoints and molecular target expression or the heterogeneity of TACE effectiveness,*® triple therapy can
only benefit some patients, while others not only do not attain the desired prognosis but also face adverse events and costs
of treatment. To achieve personalized medical care, people are committed to investigating biomarkers that can predict the
prognosis of triple therapy, such as tumor mutational burden (TMB), hematological markers, infiltrating lymphocytes, and
BCLC stage.*®’ Several studies have suggested that extrahepatic metastasis is an independent risk factor influencing the
prognosis of patients undergoing triple therapy.***” Yu et al®® found that assessing the response of portal vein tumor
thrombosis (PVTT) can predict the prognosis of HCC patients with PVTT undergoing transarterial interventional therapy
combined with tyrosine kinase inhibitors with anti-PD-1 antibodies. Unfortunately, there are currently few biomarkers that
are effective enough, and most of the predictive parameters seem to reflect only one single aspect of disease and cannot be

associated with more information.” Sarcopenia is a comprehensive process involving inflammation and protein and energy
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metabolism. It has been reported that sarcopenia is associated with poor prognosis in HCC patients, including surgical
treatment, molecular targeted therapy, and interventional therapy.'®'®**4%4! In this study, we found that there was
a significant negative correlation between SMI and maximum tumor dimension, PLT, and ALP, and we speculated that
SMI may be related to liver synthesis and catabolism and tumor characteristics. Although the underlying mechanism is not
fully elucidated, protein catabolism in diseases such as cancer can lead to significant loss of muscle mass and can be seen in
up to 40% of patients with liver cirrhosis.*? Additionally, molecular changes in sarcopenic muscle involve comprehensive
and complex signaling pathways, such as the synthesis of insulin-like growth factor 1 by the liver and target of rapamycin.''
It has also been reported that muscle-derived cytokines released from skeletal muscle contain interleukin-15 (IL-15), which
can improve the therapeutic effect of ICIs by elevating the proportion of circulating natural killer cells and CD8" T cells.*”
45 Consequently, sarcopenia is a comprehensive parameter that may reflect the patient’s systemic status, tumor character-
istics and liver function at the same time, which can effectively predict the prognosis of HCC patients with triple therapy.

In terms of TRAEs, although some studies have suggested a link between SMI and the occurrence of severe adverse
events in HCC patients undergoing targeted therapy,'® major studies on immune therapy or immune-targeted combination
therapy have not reported a significant association between SMI and TRAEs.??>%324647 Among these, the study by
Toshida et al*® suggested that in HCC patients undergoing atezolizumab plus bevacizumab treatment, there was no
significant difference in the occurrence rates of adverse events (any grade) and adverse events exceeding Grade 3
between the Non-Sarcopenia group and the Sarcopenia group. Similarly, Hiroaki et al*® reported in their study that there
was no significant correlation between SMI and the occurrence of TRAEs in HCC patients undergoing atezolizumab plus
bevacizumab treatment. Additionally, Nalee et al*” indicated that a comparable incidence of adverse events was observed
between patients with and without sarcopenia in HCC patients undergoing nivolumab treatment. These findings align
with the results of our study. The differences in results compared to solely targeted therapy may stem from variations in
the occurrence rates of TRAEs between combination therapy and single-targeted therapy itself or the inherent selection
bias from retrospective studies, which necessitates further refinement through additional meta-analyses or prospective
studies.

The present study has some limitations. First, it is a retrospective study with a relatively small sample size. On the one
hand, triple therapy has not been widely used in the clinic; on the other hand, the treatment of patients will be changed
due to adverse events or disease progression, and we are unable to conduct a subgroup analysis of patients with different
combination regimens. However, we defined triple therapy as a combination of targeted therapy and immunotherapy
within one month before or after interventional therapy. The impact of treatment intervals and treatment changes on the
results was minimized, and there was no significant difference in the treatment cycle or other treatment modalities
between the two groups. Furthermore, because the sample size of female participants was small, the cohort of female
patients did not obtain effective results in the subgroup analysis. Together, larger confirmatory prospective clinical
studies involving different triple therapy regimens to avoid further potential confounders are necessary, and we hope that
this study will result in novel ideas and directions.

Conclusion

Our research has found that SMI is associated with the prognosis of HCC patients with triple therapy, and sarcopenia is
an independent risk factor for overall survival, which is of great assistance to personalized medical treatment for HCC
patients and the development of novel targets. However, sarcopenia does not seem to predict the occurrence of adverse
events.

Abbreviations

AEs, adverse events; BMI, body mass index; BCLC, barcelona clinic liver cancer, HU, hounsfield units; HCC,
hepatocellular carcinoma; ICIs, immune checkpoint inhibitors; SMI, skeletal muscle index; TKIs, tyrosine kinase
inhibitors; TACE, transarterial chemoembolization; TRAESs, treatment-related adverse events.
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