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Abstract
Purpose This study investigated the role of sarcopenia in the long-term outcomes of patients with early-stage intrahepatic 
recurrent hepatocellular carcinoma (HCC).
Methods The study included 136 patients with intrahepatic recurrent Barcelona Clinic Liver Cancer (BCLC) stage 0/A 
HCC following liver resection diagnosed between 2006 and 2020 and underwent surgery, radiofrequency ablation (RFA), 
or transcatheter arterial chemoembolization (TACE). Sarcopenia was defined based on the skeletal muscle index using com-
puted tomography at the time of recurrence, and its association with long-term outcomes was evaluated. Tumor-infiltrating 
lymphocytes (CD4 + , CD8 + , and CD45RO + T cells) were assayed using immunohistochemistry on specimens obtained 
from repeat hepatectomies, and their association with sarcopenia was evaluated.
Results The overall survival (OS) and recurrence-free survival (RFS) rates after initial recurrence of patients with sarcopenia 
were significantly lower than those without sarcopenia (p < 0.001 and p < 0.001, respectively). Multivariate analysis identi-
fied sarcopenia as an independent prognostic factor for RFS (p < 0.001). In patients without sarcopenia, surgery resulted 
in better RFS than RFA or TACE. Contrastingly, in patients with sarcopenia, the RFS was extremely poor regardless of 
the treatment type: surgery, RFA, or TACE (median RFS, 11.7, 12.7, and 10.1 months). Significantly low levels of tumor-
infiltrating CD4 + , CD8 + , and CD45RO + lymphocytes were observed in patients with sarcopenia (p = 0.001, p = 0.001, 
and p = 0.001, respectively).
Conclusions This study suggests that patients with sarcopenia have poor RFS regardless of the treatment type for early-stage 
intrahepatic recurrent HCC. Impaired host immunity might be one of the underlying mechanisms.

Keywords Hepatocellular carcinoma · Host immunity · Intrahepatic recurrence · Sarcopenia · Tumor-infiltrating 
lymphocytes

Introduction

Sarcopenia is defined as the progressive loss of skeletal 
muscle mass, and is associated with survival outcomes and 
recurrence in patients with various cancers [1–3]. In hepa-
tocellular carcinoma (HCC), sarcopenia occurs early and is 
an independent predictor of mortality [4]. Moreover, previ-
ous studies have reported that sarcopenia is associated with 
prognosis and recurrence in patients with HCC following 
various treatments, such as liver resection, radiofrequency 

ablation (RFA), and transcatheter arterial chemoemboliza-
tion (TACE) [5–8]. However, no study has evaluated the 
role of sarcopenia on long-term outcomes in patients with 
intrahepatic recurrent HCC.

HCC is one of the most common malignancies and a 
leading cause of cancer-related mortality worldwide [9, 10]. 
Liver resection is the primary curative treatment modality 
for patients with HCC. However, the risk of recurrence fol-
lowing resection is up to 70% at 5 years [11, 12], and intra-
hepatic recurrence accounts for more than 90% [13, 14]. 
There are various treatment options for intrahepatic recur-
rence, including repeat liver resection, RFA, TACE, and 
liver transplantation [15–18]. A prospective cohort study 
on early-stage intrahepatic recurrent HCC showed that the 
patients who underwent repeat hepatectomy had better 
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survival outcome [19]; however, the appropriate treatment 
is still controversial. Owing to the high recurrence rate of 
HCC, treatment after recurrence is very important. Thus, the 
identification of an indicator for determining the appropriate 
treatment is essential to improve the prognosis of patients 
with HCC.

In the local immune microenvironment, tumor-infiltrating 
lymphocytes (TILs) were earlier thought to host immune 
responses to tumors [20]. TILs play a significant role in the 
development, treatment, and prognosis of HCC [20–22]. In 
particular, CD4 + , CD8 + , and CD45RO + T cells have been 
reported to be lowered in the tumor tissue and linked with 
poor prognosis in HCC. CD8 + T lymphocyte is the most 
prevalent T cell subset, and CD4 + T lymphocyte promotes 
the immune response against tumor by secreting cytokines 
and activating CD8 + T cells. In addition, CD45RO + T lym-
phocyte is related to anti-tumor responses as a memory T 
cell [23–26]. Recently, several studies reported that sarco-
penia may be associated with TILs and affect prognosis in 
cancer patients [27, 28]. However, no study has evaluated 
the association between sarcopenia and TILs in intrahepatic 
recurrent HCC.

Therefore, in this study, we aimed to investigate the 
impact of sarcopenia on long-term outcomes and its asso-
ciation with host immunity in patients with early-stage intra-
hepatic recurrent HCC categorized based on the treatment 
type.

Material and methods

Patients and their clinical data

The study included consecutive patients with initial recur-
rent HCC following liver resection treated at Nara Medical 
University Hospital between January 2006 and December 
2020. Initial recurrent HCC patients were defined as the 
patients who occurred initial recurrence after resection for 
initial HCC. The inclusion criteria of this study were the 
patients with intrahepatic recurrent HCC within Barce-
lona Clinic Liver Cancer (BCLC) stage 0/A (single or ≤ 3 
nodules ≤ 3 cm). The patients with intrahepatic recurrent 
HCC beyond BCLC stage 0/A were excluded because they 
were not indicated surgery or RFA. The study protocol was 
approved by the local ethics committee of Nara Medical Uni-
versity (no. 3474), and the study was conducted in accord-
ance with the Declaration of Helsinki. This retrospective 
study waived the requirement for individual informed con-
sent owing to the “opt-out” principle. Patients were allowed 
to “optout” of the database if they wished.

Baseline patient characteristics, including recurrence and 
initial resection status, were obtained from their medical 
records. The albumin-bilirubin (ALBI) score was calculated 

as [− 0.085 × albumin (g/dl)] + [0.66 ×  log10 total bilirubin 
(mg/dl)]. Furthermore, the ALBI score was classified into 
three grades: grade 1: ≤  − 2.6; grade 2: >  − 2.6, ≤  − 1.39; 
and grade 3: >  − 1.39. The neutrophil-to-lymphocyte ratio 
(NLR) was calculated using neutrophil count (/μL) divided 
by lymphocyte count (/μL), and the platelet-to-lymphocyte 
ratio (PLR) was measured as platelet count (/μL) divided by 
lymphocyte count (/μL). Prognostic nutritional index (PNI) 
was calculated as [10 × serum albumin concentration (g/
dl) + 0.005 × lymphocyte count (/μL)].

Measurement of skeletal muscle area

Computed tomography at the time of initial recurrence was 
used to assess the patients’ total cross-sectional transverse 
areas of the skeletal muscles at the third lumbar vertebra. 
Images were analyzed using the volume analyzer SYNAPSE 
VINCENT software (Fujifilm Company, Tokyo, Japan). A 
threshold range of − 29 to + 150 Hounsfield units was used 
to define the muscle mass. The total muscle area  (cm2) was 
normalized to height in square meters  (m2) and reported as 
the skeletal muscle index (SMI). The cutoff values of SMI 
for sarcopenia were set at < 42  cm2/m2 for men and < 38  cm2/
m2 for women from the Working Group for the Creation 
of Sarcopenia Assessment Criteria of the Japan Society of 
Hepatology [29].

Immunohistochemistry and evaluation

Immunohistochemistry was performed on specimens 
obtained from repeat hepatectomies for intrahepatic recur-
rent HCC. A 4-μm section was prepared from the repre-
sentative formalin-fixed paraffin-embedded tissue slices. 
The sections were deparaffinized in xylene substitute (Clear 
Plus®, FALMA, Japan) and rehydrated in a graded series 
of ethanol. For antigen retrieval, the sections were heated 
at 121 °C for 20 min in the Target Retrieval Solution, pH9 
(Dako Cytomation, Denmark). After blocking the endog-
enous peroxidases with 3% hydrogen peroxide, the sections 
were incubated with 2.5% normal horse serum (Vector Labo-
ratories, USA) at room temperature for 60 min to prevent 
non-specific reactions. The primary antibodies used were 
monoclonal mouse anti-human CD4 (4B12, Dako Cyto-
mation, 1:40), CD8 (C8/144B, Dako Cytomation, 1:100), 
and CD45RO (55618S, Cell Signaling Technology, USA, 
1:400) which were added to the sections. Incubation with 
primary antibodies was performed for 120 min. The sections 
were then incubated with anti-mouse/rabbit IgG (MP-7500, 
Vector Laboratories) for 30 min. Next, the sections were 
subjected to 3,3-diaminobenzidine solution (SK-4105, Vec-
tor Laboratories). After counterstaining with hematoxylin, 
dehydration in a series of ethanol solutions, and clearing in 
xylene, the sections were embedded in a mounting material. 
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The sections were washed in phosphate-buffered saline as 
needed between each step.

Immunohistochemistry for CD4 + , CD8 + , and 
CD45RO + T cells was performed under 200 × magnifica-
tion by counting the TILs in five different areas with the 
most abundant TILs for each target molecule.

Statistical analyses

Continuous variables were expressed as medians with 
ranges, and compared using the Mann–Whitney U test. Cat-
egorical variables are presented as numbers and percentages, 
and compared using the chi-square test or Fisher’s exact test. 
Overall survival (OS) was defined as the period from the 
date of the initial recurrence to the date of death or final 
follow-up. Recurrence-free survival (RFS) was defined as 
the duration from the date of the initial recurrence to the date 
of the second recurrence, death, or final follow-up. Survival 
curves were generated using the Kaplan–Meier method, and 
the differences between the curves were analyzed using the 
log-rank test. Cox regression analysis was used to determine 
the hazard ratios (HRs). Variables with a p value < 0.05 on 

univariate analysis and each treatment type (surgery, RFA, 
and TACE) were further assessed using multivariate analy-
sis. ROC curve analysis was performed to determine cut-off 
values for continuous variables, including NLR, PLR, and 
PNI at the time of recurrence. Optimal cut-off values were 
determined using the Youden Index [30]. P values of < 0.05 
were considered statistically significant, and 95% confidence 
intervals (CIs) were calculated. All statistical analyses were 
performed using SPSS (version 22.0; SPSS, Chicago, IL, 
USA).

Results

Baseline characteristics of the patients in sarcopenia 
and non‑sarcopenia groups

Figure 1 shows the flow diagram of the present study. During 
the study period, 238 consecutive patients were diagnosed 
with initial recurrent HCC at the Nara Medical University 
Hospital. Among them, 51 patients with extrahepatic recur-
rent HCC, 44 with more than four nodules, and seven with 

Fig. 1  Study flow depicting the 
inclusion and exclusion criteria 
and the final study population
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two or three nodules > 3 cm were excluded. Finally, 136 
patients with intrahepatic recurrent HCC within BCLC stage 
0/A were included in the study. For intrahepatic recurrence, 
55 (40.4%), 27 (19.9%), and 54 (39.7%) patients underwent 
surgery, RFA, or TACE, respectively. No patients underwent 
liver transplantation and immunotherapy during the study 
period. Treatment selection was based on the surgeon’s judg-
ment and the patient’s condition.

Based on the criteria of the Japan Society of Hepatol-
ogy [29], study participants were classified into sarcopenia 
and non-sarcopenia groups. Among the included patients, 
37 (27.2%) had sarcopenia. Table  1 shows the baseline 

characteristics of the patients with and without sarcope-
nia. Patients with sarcopenia had a significantly higher age 
(p = 0.034), lower PNI (p = 0.031), and a higher rate of early 
recurrence within 1 year of initial resection (p < 0.001). Initial 
resection status, including immunonutrition and tumor status, 
was not significantly different between the two groups.

Relationship between sarcopenia and long‑term 
outcomes

The OS and RFS rates after initial recurrence of patients in 
the sarcopenia group were significantly lower than those in 

Table 1  Baseline characteristics 
of the patients in sarcopenia and 
non-sarcopenia groups

RFA radiofrequency ablation, TACE transcatheter arterial chemoembolization, ALBI score albumin-bili-
rubin score, PT prothrombin time, NLR neutrophil–lymphocyte ratio, PLR platelet-lymphocyte ratio, PNI 
prognostic nutritional index, AFP α-fetoprotein, PIVKA-II protein induced by vitamin K absence ore antag-
onists-II

Variables Sarcopenia (n = 37, 27.2%) Non-sarcopenia 
(n = 99, 72.8%)

p value

Recurrence status
  Surgery Performed 11 (29.7) 44 (44.4) 0.120
  RFA Performed 7 (18.9) 20 (20.2) 0.867
  TACE Performed 19 (51.4) 35 (35.4) 0.090
  Age (years) Median (range) 75 (37 − 85) 73 (34 − 86) 0.034
  Sex Male 30 (81.1) 83 (83.8) 0.703
  Cardiovascular disease Present 13 (35.1) 45 (45.5) 0.279
  Diabetes mellitus Present 9 (24.3) 31 (31.3) 0.426
  Renal disfunction Present 16 (43.2) 32 (32.3) 0.236
  Hepatic viral status Present 23 (62.2) 70 (70.7) 0.340
  Child–Pugh score A

B
36 (97.3)
1 (2.7)

95 (96.0)
4 (4.0)

0.586

  ALBI score  ≥ 2 15 (40.5) 24 (24.2) 0.061
  PT (%) Median (range) 86 (70 − 114) 87 (20 − 121) 0.298
  NLR Median (range) 1.85 (0.45 − 6.83) 1.62 (0.46 − 9.20) 0.551
  PLR Median (range) 92 (23 − 222) 92 (13 − 358) 0.758
  PNI Median (range) 49 (34 − 62) 52 (33 − 66) 0.031
  Tumor number 2 or 3 18 (48.6) 34 (34.3) 0.127
  Tumor size (mm) Median (range) 15 (7 − 50) 15 (5 − 35) 0.611
  AFP (ng/ml)  > 200 1 (2.7) 5 (5.1) 0.553
  PIVKA-II (ng/ml)  ≥ 40 12 (32.4) 35 (35.4) 0.750
  Time to recurrence 

from initial resection
 < 1 year 15 (40.5) 13 (13.1)  < 0.001

Initial resection status
  NLR Median (range) 1.55 (0.20 − 13.33) 1.56 (0.54 − 4.80) 0.506
  PLR Median (range) 111 (13 − 510) 91 (23 − 231) 0.237
  PNI Median (range) 46 (37 − 60) 46 (36 − 64) 0.192
  Tumor number Multiple 6 (16.2) 13 (13.1) 0.644
  Tumor size (mm) Median (range) 28 (12 − 300) 25 (7 − 150) 0.244
  Microvascular invasion Present 18 (48.6) 36 (36.4) 0.193
  Poorly differentiation Present 3 (8.1) 4 (4.0) 0.288
  AFP (ng/ml)  > 200 6 (16.2) 12 (12.1) 0.531
  PIVKA-II (ng/ml)  ≥ 40 25 (67.6) 55 (55.6) 0.205
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the non-sarcopenia group (p < 0.001 and p < 0.001, respec-
tively) (Fig. 2A, B). Table 2 summarizes the univariate and 
multivariate analyses of RFS. Univariate analysis showed 
that the presence of sarcopenia (p < 0.001), having under-
gone surgery (p < 0.001) or TACE (p < 0.001), an ALBI 
score ≥ 2 (p = 0.006), PNI < 52 (p = 0.049), two or three 
numbers of tumors (p < 0.001), and early recurrence within 
1 year of initial resection (p < 0.001) were significantly 
associated with RFS. Multivariate analysis showed that the 
presence of sarcopenia, as well as having undergone sur-
gery or TACE, and the presence of multiple tumors, was a 
strong independent prognostic factor for RFS (HR = 3.380, 
p < 0.001). Univariate analysis showed that the presence 
of sarcopenia (p < 0.001) was significantly associated with 
OS; however, multivariate analysis of OS did not show that 
sarcopenia was an independent prognostic factor (data not 
shown).

Survival rates based on the treatment type 
in patients with or without sarcopenia

In patients in the non-sarcopenia group, surgery resulted in 
better RFS than RFA or TACE. In contrast, patients with 
sarcopenia had extremely poor RFS, regardless of treatment 
options such as surgery, RFA, or TACE. The median RFS 
after surgery, RFA, and TACE were only 11.7, 12.7, and 
10.1 months, respectively (Fig. 3A–C). The OS rates were 
significantly lower in patients with sarcopenia in the surgery 
and RFA groups (p = 0.003 and p = 0.002, respectively), but 
not in the TACE group (Figures S1A-S1C). The baseline 
characteristics of the patients in the non-sarcopenia and sar-
copenia groups categorized based on the treatment type are 
summarized in Tables S1 and S2, respectively. Among both 
groups, patients who underwent TACE were significantly 
more likely to have multiple tumors and worse ALBI scores.

Relationship between sarcopenia and TILs

Finally, to understand the mechanisms underlying poor 
RFS in patients with sarcopenia, we investigated local 
immunity using immunohistochemical analysis of TILs in 
specimens obtained from repeat hepatectomies. Significantly 
decreased levels of tumor-infiltrating CD4 + , CD8 + , and 
CD45RO + lymphocytes were observed in patients in the 
sarcopenia group when compared to the non-sarcopenia 
group (p = 0.001, p = 0.001, and p = 0.001, respectively) 
(Fig. 4). In addition, RFS rates were compared between 
the two groups divided according to the median values of 
CD4 + , CD8 + , and CD45RO + . RFS was significantly 
lower in the CD4 + , CD8 + , and CD45RO + low groups 
than in the high groups (p < 0.001, p = 0.018, and p = 0.015, 
respectively) (Figures S2A-S2C). These findings suggested 
that local immune response prevents recurrence.

Discussion

This study investigated the role of sarcopenia on the long-
term outcomes in patients with early-stage intrahepatic 
recurrent HCC who were classified based on the treatment 
received. To the best of our knowledge, this is the first study 
to evaluate the clinical impact of sarcopenia on early-stage 
intrahepatic recurrent HCC. Although there are diverse 
treatment strategies for intrahepatic recurrence of HCC, 
many studies reported that repeat hepatectomy achieved 
better long-term outcomes [12, 18]. Wang et al. indicated 
that repeat hepatectomy had better survival outcomes 
even in early-stage intrahepatic recurrent HCC within the 
Milan criteria and reported the following prognostic fac-
tors: more invasive primary tumors, underlying cirrhosis, 
recurrent tumor number, time to recurrence, and treatment 

Fig. 2  Overall and recurrence-free survival of the patients in the sarcopenia and non-sarcopenia groups. A Overall survival (p < 0.001). B Recur-
rence-free survival (p < 0.001)
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for recurrence [19]. However, the evaluation of the patient’s 
nutritional and functional statuses was not performed. Sarco-
penia is characterized by the loss of muscle strength, mass, 
and functional ability [1]. Recently, sarcopenia has been 
reported to be associated with prognosis and recurrence in 
primary HCC [4–8]; however, its association with recur-
rent HCC remains unclear. Interestingly, the present study 
demonstrated that sarcopenia was a strong independent prog-
nostic factor for RFS; furthermore, patients with sarcopenia 
had poor RFS, regardless of treatment type. In particular, the 

RFS of patients with sarcopenia who underwent surgery was 
as poor as those who underwent TACE, although those in 
the surgery group were likely to have better baseline charac-
teristics, including better liver function and a single tumor. 
Regarding OS, in this study, patients with sarcopenia had a 
significantly poorer prognosis; however, sarcopenia was not 
an independent prognostic factor in multivariate analysis. 
The reason may be due to our study population. We included 
only patients with early-stage intrahepatic recurrence, and 
the number of patients was relatively small. In addition, 

Table 2  Univariate and multivariate analysis of recurrence-free survival

RFA radiofrequency ablation, TACE transcatheter arterial chemoembolization, ALBI score albumin-bilirubin score, PT prothrombin time; NLR 
neutrophil–lymphocyte ratio, PLR platelet-lymphocyte ratio, PNI prognostic nutritional index, AFP α-fetoprotein, PIVKA-II protein induced by 
Vitamin K absence ore antagonists-II

Variables Univariate Multivariate

Hazard ratio Hazard ratio

(95% CI) p value (95% CI) p value

Sarcopenia, present, n (%) 37 (27.2%) 4.375 (2.751–6.959)  < 0.001 3.365 (2.084–5.434)  < 0.001
Recurrence status

  Surgery, performed, n (%) 55 (40.4%) 0.447 (0.298–0.671)  < 0.001 0.478 (0.279–0.820) 0.007
  RFA, performed, n (%) 27 (19.9%) 0.892 (0.562–1.416) 0.628 0.595 (0.327–1.085) 0.090
  TACE, performed, n (%) 54 (39.7%) 2.978 (1.961–4.522)  < 0.001 Reference -
  Age, ≥ 75, n (%) 65 (47.8%) 1.380 (0.939–2.029) 0.101
  Sex, male, n (%) 113 (83.1%) 1.254 (0.762–2.064) 0.373
  Cardiovascular disease, present, n (%) 58 (42.6%) 0.675 (0.457–0.998) 0.050
  Diabetes mellitus, present, n (%) 40 (29.4%) 0.809 (0.530–1.235) 0.327
  Renal disfunction, present, n (%) 48 (35.3%) 1.349 (0.907–2.007) 0.139
  Hepatic viral status, present, n (%) 93 (68.4%) 0.984 (0.657–1.474) 0.938
  Child–Pugh score, B, n (%) 5 (3.7%) 1.686 (0.531–5.353) 0.376
  ALBI score, ≥ 2, n (%) 39 (28.7%) 1.794 (1.179–2.730) 0.006 1.050 (0.631–1.747) 0.852
  PT (%), < 80, n (%) 32 (23.5%) 1.267 (0.812–1.976) 0.297
  NLR, > 1.8, n (%) 67 (49.3%) 1.214 (0.830–1.776) 0.318
  PLR, > 78, n (%) 81 (59.6%) 0.839 (0.573–1.229) 0.367
  PNI, < 52, n (%) 53 (39.0%) 1.484 (1.001–2.200) 0.049 1.123 (0.687–1.834) 0.644
  Tumor number, 2 or 3, n (%) 52 (38.2%) 2.670 (1.782–4.000)  < 0.001 2.190 (1.357–3.535) 0.001
  Tumor size (mm), > 30, n (%) 5 (3.7%) 1.408 (0.516–3.841) 0.504
  AFP (ng/ml), > 200, n (%) 6 (4.4%) 0.997 (0.405–2.450) 0.994
  PIVKA-II (ng/ml), ≥ 40, n (%) 47 (34.6%) 1.028 (0.686–1.540) 0.893
  Time to recurrence from initial resec-

tion, < 1 year, n (%)
28 (20.6%) 1.784 (1.136–2.800) 0.012 1.487 (0.904–2.446) 0.118

Initial resection status
  NLR, > 1.8, n (%) 59 (43.4%) 0.744 (0.506–1.095) 0.134
  PLR, > 78, n (%) 90 (66.2%) 0.708 (0.478–1.049) 0.085
  PNI, < 52, n (%) 91 (66.9%) 0.958 (0.647–1.420) 0.832
  Tumor number, multiple, n (%) 19 (14.0%) 1.547 (0.925–2.587) 0.096
  Tumor size (mm), > 30, n (%) 46 (33.8%) 0.829 (0.553–1.243) 0.365
  Microvascular invasion, present, n (%) 54 (39.7%) 1.008 (0.684–1.485) 0.968
  Poorly differentiation, present, n (%) 7 (5.1%) 1.177 (0.515–2.694) 0.699
  AFP (ng/ml), > 200, n (%) 18 (13.2%) 1.019 (0.599–1.735) 0.944
  PIVKA-II (ng/ml), ≥ 40, n (%) 80 (58.8%) 1.271 (0.864–1.870) 0.223
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aggressive therapeutic intervention after further recurrence 
may have mitigated the obvious differences in the OS. How-
ever, our data suggests that patients with sarcopenia are at 

extremely high risk of recurrence; therefore, the indication 
for treatment should be considered carefully.

Moreover, to clarify the mechanism underlying poor out-
comes in patients with sarcopenia, we evaluated host immu-
nity. Previous research on the relationship between sarcopenia 
and host immunity suggested that impaired activity of anti-
inflammatory immune responses increases the secretion of 
inflammatory factors such as IL-6, which promote the devel-
opment of sarcopenia [31–33]. Huang et al. reported that SMI 
was negatively correlated with CD4 + CD28null T lympho-
cytes in patients with sarcopenia [34]. Additionally, nutrition 
and exercise improved the level of CD8 + lymphocytes in 
mice [35, 36]. Furthermore, sarcopenia might be associated 
with TILs and affect prognosis in cancer patients [27, 28]. The 
present study showed that TIL expression was significantly 
decreased in patients with sarcopenia than in those without 
sarcopenia and that the TIL-low group had worse RFS than 
the TIL-high group. Moreover, we also showed that patients 
with sarcopenia had a significantly lower PNI and a higher 
rate of early recurrence within 1 year of the initial resection. 
Since PNI is an established indicator of systemic nutritional 
and immune status [37], sarcopenia might be associated with 
impaired local and systemic immune systems and early recur-
rence of HCC. Additionally, cancer immunotherapies are 
currently being evaluated [38]. Immune checkpoint inhibi-
tors reverse T cell suppression; therefore, they might effec-
tively improve antitumor immunity and prevent early recur-
rence in patients with sarcopenia. On the other hand, somatic 
mutation–derived neoantigens have also been reported to be 
involved in TILS and induce strong immune responses [39, 
40]. However, we focused on host immunity; therefore, tumor-
specific factors were not evaluated. In addition, no patients 
have received immunotherapy for HCC in this study. Thus, 
further studies, including basic research, are warranted to 
clarify the comprehensive mechanisms.

Given the poor RFS of patients with sarcopenia, improve-
ment in their nutritional status is of great importance. In par-
ticular, malnutrition in patients with advanced liver disease 
is a significant problem. Viral hepatitis might contribute to 
the progression of sarcopenia, but the interaction has not 
been clarified [41]. In our data, viral hepatitis was not signif-
icantly associated with sarcopenia and prognosis. Previously, 
studies reported that nutritional interventions could improve 
sarcopenia and long-term survival in patients with HCC [42, 
43]. In particular, a multidisciplinary approach combining 
nutritional supplementation with physical exercise has been 
attempted in patients with HCC. A recent study reported 
that cancer rehabilitation not only increased muscle mass 
but also prolonged long-term outcomes in patients with 
HCC who underwent TACE [44]. However, the impact of 
these nutritional interventions on the long-term outcomes 
of patients with HCC remains unclear and warrants fur-
ther large-scale trials. Nevertheless, SMI might be useful 

Fig. 3  Recurrence-free survival of the patients based on the treat-
ment type. A Surgery group (p < 0.001); B RFA group (p = 0.023); C 
TACE group (p = 0.005). Abbreviations: RFA, radiofrequency abla-
tion; TACE, transcatheter arterial chemoembolization
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to screen patients who require nutritional intervention and 
evaluate the effects of nutritional intervention.

This study had some limitations. First, it was a retrospec-
tive study conducted at a single center with a relatively small 
population. Second, TILs were evaluated only in specimens 
obtained from repeat hepatectomies. Thirdly, the mechanisms 
underlying the association between sarcopenia and TILs 
remain unclear. Lastly, the tumor-specific factors associated 
with TILs, such as the number of somatic mutations and neo-
antigens, were not evaluated. Therefore, further investiga-
tions, including in vivo studies, are warranted. Despite these 
limitations, this study provides useful information regarding 
the relationship between sarcopenia, recurrence, and TILs in 
patients with early-stage intrahepatic recurrent HCC.

Conclusion

This study suggests that patients with sarcopenia have poor 
RFS regardless of the treatment type in early-stage intrahe-
patic recurrent HCC. Impaired host immunity might be one 
of the underlying mechanisms.
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