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This article reviews and summarizes the up-to-date clinical studies related to the inflammatory immune score after hepatectomy in order to provide 
new ideas and directions for individualized adjuvant therapy for patients with hepatocellular carcinoma after hepatectomy.  
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Abstract
Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related 
death worldwide. Hepatectomy remains the first-line treatment for patients 
with resectable HCC. However, the reported recurrence rate of HCC at 5 years 
after surgery is between 50% and 70%. Tumor-related factors, including tumor 
size, number and differentiation, and underlying liver disease are well-known 
risk factors for recurrence after treatment. In addition to tumor-related fac-
tors, ever-increasing amounts of studies are finding that the tumor microen-
vironment also plays an important role in the recurrence of HCC, including 
systemic inflammatory response and immune regulation. Based on this, some 
inflammatory and immune markers were used in predicting postoperative 
cancer recurrence. These include neutrophil-to-lymphocyte ratio, platelet-
to-lymphocyte ratio, cytotoxic T cells, and regulatory T cells, among others. 
In this review, we summarized the inflammatory and immune markers that 
affect recurrence after HCC resection in order to provide direction for adju-
vant therapy after HCC resection and ultimately achieve the goal of reducing 
recurrence.
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1   |   INTRODUCTION

Global Cancer Statistics 2020 reported that hepatocellu-
lar carcinoma (HCC) is the sixth most commonly diag-
nosed cancer worldwide and the third leading cause of 

cancer-related death.1 In China, HCC is the second most 
common malignancy, and an estimated 392,868 new HCC 
cases, including 368,960 deaths, were reported as of 2018.2 
At present, hepatectomy is a common and safe treatment 
option for patients with early-stage HCC. Unfortunately, 
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the 5-year recurrence rate after resection is as high as 
50%–70%; approximately 50% of HCC patients experi-
ence recurrence within 2 years.3,4 Therefore, it is crucial to 
identify and characterize influencing factors of recurrence 
as well as patients who are at high risk of recurrence after 
liver resection.

Several major risk factors have been identified for HCC 
recurrence after surgery, including tumor size,5 number of 
nodules,6 degree of differentiation,7 vascular invasion,8 re-
section margin,9 and liver capsule invasion.10 It has been 
reported that systemic inflammation and immunity play 
a crucial role in the occurrence, metastasis, and recur-
rence of cancers, including HCC.11 In the past 10 years, a 
large number of clinical cohort studies have constructed 
models of inflammation, immunity, and inflammation-
immunity to predict the prognosis and recurrence of HCC 
after resection.12–14

In this review, we discuss inflammatory and immune 
markers associated with prognosis and recurrence after 
HCC resection as well as the mechanisms that influence 
recurrence. The predictive values of various inflammatory 
and immune-related models are summarized to provide 
a basis for identifying HCC subsets with high recurrence 
risk. Moreover, we provide some direction for the adjuvant 
treatment of hepatectomy.

2   |   RISK FACTORS OF 
RECURRENCE AFTER CURATIVE 
HEPATECTOMY FOR HCC

According to the 2022 edition of the “Guidelines for the 
Diagnosis and Treatment of Primary Liver Cancer” in 
China, the indications for HCC resection range from Ia 
to IIIa and Ib, which correspond to stage A, B, and C of 
Barcelona Clinic Liver Cancer staging. However, the 
overall survival (OS) of patients after resection of HCC 
remains poor. Due to the different recurrence etiology, 
many clinical studies classify HCC resection into early re-
currence and late recurrence. Early recurrence, defined as 
occurring within 2 years of initial treatment, is thought to 
be caused by intrahepatic metastases,15 whereas late re-
currence occurs through de novo tumorigenesis or mul-
ticentric HCC associated with background liver disease 
such as hepatitis and/or cirrhosis.16

Large number of studies have shown that the prog-
nosis and survival time of late recurrence after hepa-
tectomy were significantly better than that of early 
recurrence. It was found that the different risk factors 
led to the difference in prognosis of recurrence type. 
Previous studies have also shown that the main risk 
factors for early recurrence are preoperative hepatitis 
B e antigen positivity, α-fetoprotein (AFP) level above 

400 ng/mL, age, preoperative liver function, and patho-
logical characteristics of the tumor, including number, 
size, stage, vascular invasion, surgical margin (<2 cm), 
and pathological differentiation.17–21 Risk factors for 
late recurrence were higher hepatitis activity, liver cir-
rhosis, gross tumor type, and sex (being more common 
in men).21,22 However, these risk factors are difficult to 
monitor in daily clinical work, and the sensitivity and 
specificity of AFP levels in monitoring HCC recurrence 
are low. Therefore, it is necessary to find new combined 
prognostic indicators to predict HCC recurrence after 
hepatectomy.

It is well known that systemic inflammation and im-
munity play crucial roles in cancer initiation and me-
tastasis. Studies in the past 10 years have confirmed that 
systemic inflammatory and immune indicators can pre-
dict the prognosis and postoperative recurrence of var-
ious tumors, including those of liver cancer. Hashimoto 
et  al.23 found that elevated preoperative C-reactive pro-
tein is a poor prognostic factor for patients undergoing 
hepatectomy for HCC. Interleukin-6, as one of the major 
regulators of C-reactive protein production, has also been 
confirmed to be involved in metastasis and recurrence of 
liver cancer.24 Moreover, various inflammatory cells such 
as neutrophils, platelets, and monocytes have also been 
shown to be associated with the prognosis of HCC after 
resection.12,25,26

The tumor microenvironment plays a crucial role in 
promoting the progression and escape of tumor cells to 
form metastases. Recent studies have focused on tumor im-
mune cell infiltration to predict the outcome after surgical 
treatment and construct immune scoring systems. Studies 
have found that lymphocyte subsets (CD3+, CD4+, CD8+, 
regulatory T (Treg) cells, etc), B cells, and natural killer 
(NK) cells are associated with OS, disease-free survival 
(DFS), and relapse-free survival after hepatectomy.13,27–29 
Based on this, this paper will analyze the influencing fac-
tors of recurrence after hepatectomy from the perspective 
of inflammatory immune microenvironment.

3   |   ROLE OF INFLAMMATION 
IN RECURRENCE OF HCC AFTER 
CURATIVE RESECTION

3.1  |  Glasgow prognostic score

Evaluation via the inflammation-based Glasgow prognostic 
score (GPS), derived from standard thresholds of C-reactive 
protein and albumin, can reflect the systemic inflammatory 
response and immune status of tumor patients. Patients 
were classified into three groups: patients with normal al-
bumin (≥3.5 g/dL) and normal CRP (≤1.0 mg/dL) as GPS 
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0, those with low albumin (<3.5 g/dL) or elevated CRP 
(>1.0 mg/dL) as GPS 1, and both low albumin (<3.5 g/dL) 
and elevated CRP (>1.0 mg/dL) as GPS 2. Recent studies 
have found the GPS to be a clinically useful scoring system 
for predicting the prognosis of patients with various tumors 
after resection, including esophageal cancer,30 pancreatic 
cancer,31 colorectal cancer,32 etc.

Several studies have also investigated the relationship 
between GPS and the recurrence and prognosis of HCC 
patients after hepatectomy. A study from Japan was the 
first to demonstrate that GPS can effectively predict the 
survival of patients after resection of HCC by retrospec-
tively analyzing the relationship between the survival 
time and GPS score of 398 patients after liver resection.33 
Pan et  al.34 found that the 3-year and 5-year recurrence 
probabilities of patients with GPS of 0 were 47.0% and 
71.2%, respectively. Among patients with a GPS of 1 or 2, 
these rates were 76.7% and 100%, respectively.

The latest study found that the modified GPS (also 
named the inflammation based index (IBI)—which com-
bines elevated CRP (>1 mg/dL) and hypo-albuminaemia 
(<35 g/L)) is an independent predictor of DFS after resec-
tion of HCC and that it is more suitable than the original 
GPS to predict recurrence after hepatectomy.35 Collectively, 
all these studies suggest that GPS or the modified GPS can 
effectively predict recurrence in HCC patients after hepatec-
tomy. However, each of these studies was limited by that fact 
that impaired liver function in patients with HCC may affect 
GPS and lead to biased prediction. This suggests that other 
causes of abnormal liver function should be excluded in the 
prognosis assessment and follow-up of patients after hepa-
tectomy. And the same patient may require multiple models 
of prediction to provide optimal prevention.

3.1.1  |  Albumin-bilirubin (ALBI) grade

Albumin-bilirubin (ALBI) score was originally developed as 
an evidence-based scoring system specifically designed to as-
sess liver function in HCC.36 Subsequent studies have found 
that ALBI grading is associated with survival and tumor re-
currence after hepatectomy.37,38 ALBI score only uses albu-
min and bilirubin in a complex nomogram ([log10 bilirubin 
(in lmol/L) × 0.66] + [albumin (in g/L) × −0.085]), such that 
grades 1, 2, 3 = ≤−2.60, <−2.60 to ≤−1.39, >−1.39, respec-
tively. Both preoperative and postoperative ALBI grades 
were found to be independently associated with postopera-
tive recurrence. Lee's study found that preoperative ALBI 
grading, but not postoperative ALBI, was an independent 
risk factor for early recurrence (1 year).39 Two retrospec-
tive studies from Taiwan have demonstrated a more effec-
tive role of postoperative than preoperative ALBI grade in 
predicting late-recurrences and long-term prognosis, even 

years after surgery.40 Moreover, ALBI grading was a better 
predictor of postoperative outcomes and major complica-
tion.40 ALBI grade also predicts survival, toxicity and post-
procedural liver failure in patients treated with transarterial 
chemoembolisation, radioembolisation, external beam 
radiotherapy as well as multi-kinase inhibitors (sorafenib, 
lenvatinib, cabozantinib, and regorafenib) and immune 
checkpoint inhibitor therapy.40 Based on these, ALBI grade 
has the potential to be used as an additional tool for select-
ing surgical candidates, and guiding physician and patient 
decisions.

3.2  |  Neutrophil-to-lymphocyte ratio and 
platelet-to-lymphocyte ratio

Emerging evidence has implicated host inflammatory re-
sponses in cancer progression and patient survival and char-
acterized it as an independent prognostic factor for various 
types of cancer. The host response in systemic inflammation 
is associated with a disturbance of various blood components, 
such as leukocytes (especially neutrophils, lymphocytes, 
and monocytes) and platelets. Several studies have verified 
that the neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), and lymphocyte-to-monocyte ratio 
(LMR) are predictors of HCC recurrence.25,41

In a series of 958 patients, those with high preopera-
tive NLR (≥2.81) had a higher recurrence rate after sur-
gery compared with patients with low NLR levels.42 Lu 
et al.43 found that preoperative NLR >2.81 was signifi-
cantly associated with tumor recurrence in resection 
patients with the Barcelona Clinic Liver Cancer stage 
0/A or B HCC (p < 0.05). Another study also confirmed 
that preoperative NLR was associated with early tumor 
recurrence in patients undergoing hepatectomy but not 
with late recurrence.44 This may be because preopera-
tive NLR > 2.5 is positively associated with higher his-
tological differentiation and vascular invasion rates of 
tumors.45

A 2018 study on postoperative NLR predicting prog-
nosis and recurrence of HCC after resection showed 
that postoperative NLR ≥ 2.29 indicated poor prognosis, 
postoperative NLR ≥ 2.41 indicated early recurrence, and 
NLR ≥ 2.15 indicated late recurrence.46 Recent studies 
have found that postoperative NLR can better predict DFS 
after hepatectomy, and the prognostic model combining 
preoperative and postoperative NLR improved the pre-
diction performance, which is better than the Barcelona 
Clinic Liver Cancer staging.47 Based on these studies, 
future studies on prognostic prediction models after 
hepatectomy should pay more attention to postoperative 
inflammatory indicators or the combination of multiple 
inflammatory indicator models.
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Another inflammatory prognostic score that has at-
tracted the attention of many researchers is the PLR. 
Studies have identified high preoperative PLR as an import-
ant prognostic marker after resection of various tumors, 
including of gastric cancer, pancreatic cancer, colorectal 
cancer, lung cancer, etc. In HCC, preoperative PLR ≥ 115 
predicted poor OS and DFS for patients after hepatec-
tomy.48 Kaida et al.49 confirmed that PLR was a good in-
dicator to predict recurrence beyond the Milan criteria 
after liver resection for patients with HCC. Meanwhile, 
high PLR (≥150) levels were significantly associated with 
higher serum des-γ-carboxyprothrombin levels, larger 
tumor size, and poorer histological differentiation.

In addition, a previous study has reported that the 
LMR is an independent predictor of DFS and OS after 
HCC resection.41 Another retrospective study which re-
cruited 1020 patients undergoing hepatectomy confirmed 
the superiority of LMR in predicting tumor recurrence 
in HCC patients after hepatectomy compared with other 
inflammation-based markers.50 Low LMR (≤3.23) was 
positively associated with HCC recurrence.50

Recently, several studies have identified new inflam-
matory markers that predict prognosis in patients with 
hepatocellular carcinoma after hepatectomy. Iseda et  al. 
reported that high lymphocyte-to C-reactive protein ratio 
(LCR ≥ 8400) was an independent predictor of RFS and OS 
in patients with HCC after hepatectomy, and was associated 
with the tumor microenvironment immune status.51 Iseda's 
another study found that preoperative albumin lymphocyte-
platelet-C-reactive protein (ALPC) index was associated 
with prognostic value in patients undergoing radical hepa-
tectomy for hepatocellular carcinoma (HCC).52 It found that 
a high ALPC index was an important predictor of OS and 
RFS in patients undergoing surgical resection for liver can-
cer. This may be related to the expression of phosphorylation 
of antioxidant factor Nrf2 in tumors.52 A retrospective study 
from Japan found that the CRP-albumin-lymphocyte index 
(CALLY index) is a promising biomarker for predicting post-
operative outcomes in HCC patients. The study found that 
patients with low CALLY index (≤5) had better survival and 
lower recurrence rates after hepatocellular carcinoma resec-
tion.53 All of these studies had certain limitations, including 
sample size, geography and other indicators.

All these studies suggest that inflammation plays an im-
portant role in tumor recurrence in patients after liver resec-
tion (Tables 1 and 2). Moreover, a small number of studies 
have explored the mechanism by which inflammation in-
duces relapse. Still other studies have found that liver tissue 
damage after hepatectomy induces the release of inflamma-
tory cells and inflammatory factors in body fluids to promote 
liver repair.28 These cytokines and inflammatory cells estab-
lish a self-stimulating cycle, which subsequently causes the 
release of various mediators, such as vascular endothelial 

growth factor (VEGF), platelet-derived growth factor, etc, 
which ultimately lead to tumor recurrence.54 Further re-
search found that increase of the pro-inflammatory cytokine 
tumor necrosis factor-α in the peritumoral microenviron-
ment upregulated the transcriptional regulator Snail to acti-
vate the NF-κB pathway and promote tumor recurrence and 
metastasis.55 The tumor recurrence-free survival (RFS) rate 
of patients after HCC resection was negatively correlated 
with the high expression of p65 and Snail. These results sug-
gest that controlling hepatic inflammation and/or targeting 
NF-κB-mediated Snail expression may be potential therapeu-
tic strategies to prevent HCC recurrence after hepatectomy.55

4   |   ROLE OF IMMUNE FACTORS 
IN RECURRENCE OF HCC AFTER 
CURATIVE RESECTION

In recent years, the advent of immune checkpoint block-
ers has led to significant progress towards treatment of 

T A B L E  1   Calculation of prognostic indicators based on 
inflammation after hepatocellular carcinoma resection.

Inflammation based prognostic index Score

Glasgow prognostic score (GPS)

CRP ≤10 mg/L + albumin ≥35 g/L 0

CRP >10 mg/L + albumin <35 g/L 1

CRP >10 mg/L + albumin <35 g/L 2

mGPS

CRP ≤10 mg/L 0

CRP >10 mg/L + Albumin ≥35 g/L 1

CRP >10 mg/L + Albumin <35 g/L 2

ALBI

[log10 bilirubin (in lmol/L) × 0.66]  
+ [albumin (in g/L) × −0.085] ≤−2.6

1

−2.6<[log10 bilirubin (in lmol/L) × 0.66]  
+ [albumin (in g/L) × −0.085] ≤−1.39

2

[log10 bilirubin (in lmol/L) × 0.66]  
+ [albumin (in g/L) × −0.085] >−1.39

3

T A B L E  2   The cutoff values of prognostic indicators based on 
inflammation after hepatocellular carcinoma resection.

Inflammation based prognostic index Cutoff

Preoperative NLR 2.81

Postoperative NLR 2.29

Preoperative PLR 115

LMR 3.23

LCR 8400

CALLY index 5
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unresectable HCC. At the same time, studies have found 
that for resectable HCC, the patient's immune activation 
and exhaustion play an important role in postoperative re-
currence. Therefore, more and more studies have focused 
on describing immune infiltration to predict prognosis 
and recurrence after surgical treatment.

4.1  |  Cytotoxic T cells and Treg cells

Cytotoxic T lymphocytes, a subset of leukocytes, are specific 
T cells that secrete various cytokines and participate in im-
mune function. They have a killing effect on some antigenic 
substances such as viruses and tumor cells and constitute an 
important defense line of antivirus and antitumor immunity 
with NK cells. Recent studies have demonstrated the impor-
tance of cytotoxic T lymphocytes on the recurrence of HCC 
after resection.13 Previous studies have shown that CD8+ T 
cells are closely associated with a lower recurrence rate and 
better prognosis after treatment for HCC.56

Gabrielson et al.57 found that the high density of CD3+ 
and CD8+ T cells in the intratumor and infiltrating mar-
gin of HCC, as well as the corresponding immune score, 
were significantly associated with a lower recurrence rate 
(p = 0.007) and longer RFS after HCC resection (p = 0.002). 
It does not depend on other predictive clinicopathologi-
cal factors. Combined analysis showed that patients with 
higher CD3+ and CD8+ cell densities in one or both 
tumor regions (intratumor or infiltrating margin) had sig-
nificantly lower HCC recurrence rates (p = 0.002). Positive 
PD-L1 staining was associated with higher CD3+ and 
CD8+ density (p = 0.024 and p = 0.005, respectively), indi-
cating a lower recurrence rate (p = 0.034) and prolonged 
RFS (p = 0.029).57 Another study found that tumor infil-
trating CD4+ cells were also an independent predictor of 
DFS and OS after HCC resection.58

In contrast to cytotoxic T lymphocytes, which gener-
ally have inhibitory effects on tumor growth, Treg cells 
are thought to have a positive effect on tumor growth by 
inhibiting antitumor immune cells. Treg cells are an im-
munosuppressive subset of CD4+ T cells, and the fork-
head box protein P3 (FoxP3) is its natural marker, which 
maintains immune homeostasis in immune tolerance and 
autoimmune control. Treg cells impair protective cancer 
immune surveillance. Numerous studies have found in-
creased infiltration of Treg cells in tumor tissues of pa-
tients with HCC and considered Treg cells as a potential 
prognostic marker and target for therapeutic interven-
tion.59 Increased numbers of FoxP3-positive Treg cells 
have been shown to be an independent predictive factor 
of tumor recurrence after hepatectomy for HCC.60 The 
number of Treg cells was also reported to be positively cor-
related with preoperative serum AFP levels.61 Although a 

small number of studies have confirmed that Treg cells 
are associated with recurrence and poor prognosis after 
HCC resection, a large number of clinical studies are still 
needed for verification, and the underlying regulatory 
mechanism needs to be further explored.

In addition, liquid biopsy has the potential to serve as 
a biomarker for the detection, prognosis and monitoring 
of HCC,62 especially circulating tumor cells. But the use 
of liquid biopsies has its limitations. Before liquid biopsy 
can be recommended in the detection and clinical man-
agement of HCC, further research using standardized 
definition and methods of detection, quantification, and 
characterizing of CTCs; as well as standardized study 
design, patient selection, and outcome reporting will be 
required.

4.2  |  Macrophages

Macrophages are a major component of immune cell infil-
tration in almost all malignancies. Depending on the mi-
croenvironment of different types of tumors, macrophages 
undergo different forms of activation and polarization to 
play a tumor-promoting or anti-tumor role. In a retrospec-
tive study in patients after liver resection, Ding et  al.63 
found that intratumoral macrophage density and mar-
ginal macrophage density were inversely correlated with 
OS and DFS, while peritumoral macrophage density was 
not associated with survival. Multivariate Cox regression 
analysis revealed that intratumoral macrophage density 
was an independent prognostic factor for death and re-
currence.63 However, another study had different results, 
in that the density of macrophages in the tumor was not 
associated with HCC recurrence.64 A meta-analysis in-
cluding five studies on macrophages and recurrence after 
hepatectomy found that the role of macrophages in recur-
rence after hepatectomy was inconclusive.13 This may be 
related to the different polarization of macrophages under 
different microenvironment regulation.

4.3  |  NK cells

NK cells, which make up 50% of the total number of he-
patic lymphocytes, exert anti-tumor effects by secreting 
granules containing lyases or triggering cell apoptosis. 
Studies have shown that NK cell dysfunction often leads 
to disease progression in multiple types of human solid 
tumors.65 In HCC, NK cells have a positive effect on OS 
after hepatectomy, but the effect on recurrence after he-
patectomy is unknown.49 More clinical studies are needed 
to explore the relationship between NK cells and the prog-
nosis of HCC treatment.
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In summary, the number and complex interactions of 
tumor infiltrating immune cells can affect the survival rate 
of HCC hepatectomy (Figure 1). Current studies have con-
firmed that immunoeffector cells (CD3+ T and CD8+ T) and 
immunosuppressor cells (T-regs macrophages, etc.) show 
considerable influence on postoperative tumor recurrence, 
and can be used as targets for immunoregulatory therapy. 
However, due to cell groups with smaller quantities in the 
tumor, it is difficult to serve as additional targets for antitu-
mor treatment. Therefore, in order to more accurately pre-
dict the survival rate after HCC hepatectomy, more and more 
studies have begun to focus on the role of circulating im-
mune cells, which will also be the focus of future research.

5   |   PREVENTION OF HCC AFTER 
HEPATECTOMPY

Due to the high 5-year recurrence rate in patients with 
liver cancer after surgical resection, it is recommended to 
customize individualized adjuvant therapy after surgery. 
However, the current major guidelines do not recommend 
specific treatment options for preventive treatment after 
hepatectomy. In the last 10 years, a variety of clinical trials 
have focused on the efficacy of adjuvant therapy in pre-
venting recurrence of HCC after hepatectomy, including 
antiviral therapy, molecular targeted therapy, immuno-
therapy, and traditional Chinese medicine therapy.

Studies have found that continuous and effective anti-
viral therapy can reduce recurrence and prolong OS and 

DFS in patients with hepatitis-related HCC after surgery.66 
Postoperative adjuvant transarterial chemoembolization 
can significantly reduce the intrahepatic recurrence rate 
and improve OS, especially in patients with high recur-
rence risk (tumor diameter >5 cm, microvascular invasion 
positive, or multi-nodular tumors).66

The idea that adjuvant therapy with sorafenib can 
benefit patients with HCC after hepatectomy remains 
controversial.66 The STORM trial showed that sorafenib 
had no significant effect on RFS, recurrence time, or OS 
in patients after hepatectomy.67 Another European study 
also showed that adjuvant sorafenib did not have any sub-
stantial clinical benefit in terms of survival.68 In contrast, 
several recent retrospective studies in China have shown 
that sorafenib can reduce postoperative recurrence and 
prolong survival.69,70 Therefore, more clinical studies are 
still needed to fully realize the maximal efficacy of mo-
lecular target drugs in postoperative adjuvant therapy. 
Current studies have shown that adjuvant adoptive immu-
notherapy can significantly improve the early (<3 years) 
clinical prognosis (recurrence rate and survival rate), but 
the long-term (>5 years) efficacy needs further study.71 
Moreover, many randomized controlled trials evaluating 
adjuvant immune checkpoint inhibitors after hepatec-
tomy are ongoing. Recently, the famous IMbrave050 study 
released its Phase III clinical study data. IMbrave050 was a 
Phase III trial of atezolizumab plus bevacizumab in high-
risk hepatocellular carcinoma after curative resection or 
ablation. The results showed that combined blocking of 
PD-L1/VEGF could significantly improve OS, PFS and 

F I G U R E  1   The liver cancer immune microenvironment.
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response rate. The mechanism may be that concurrent 
PD-L1 and VEGF inhibition may be effective in reducing 
HCC recurrence by creating a more immune-favorable 
microenvironment, thereby enhancing anticancer immu-
nity.72 In addition, a team from China found that Huaier 
(Trametes robiniophila Murr. extract) granules could re-
duce recurrence and prolong RFS after surgery.73 Based on 
these findings, it is necessary to customize individualized 
adjuvant therapy after hepatectomy.

6   |   CONCLUSIONS AND FUTURE 
PERSPECTIVES

By reviewing the relevant clinical studies on the recur-
rence of HCC after liver resection in the past 10 years, it 
was found that in addition to tumor factors, the systemic 
inflammatory response and a patient's immune disorder 
can accelerate the recurrence of HCC. At present, various 
inflammatory and immune scoring systems have been 
used to predict the recurrence and prognosis of HCC after 
surgery, but these studies have limitations. However, the 
latest research proposes the use of nomogram mode to in-
corporate various scoring systems to improve the value of 
predicting recurrence and prognosis of HCC. Moreover, 
considering the high recurrence rate after HCC resection, 
we also recommend that clinicians customize individual-
ized adjuvant treatment plans according to the patients' 
conditions after surgery to reduce the recurrence rate and 
prolong RFS and OS.

AUTHOR CONTRIBUTIONS
Sha she: Writing – original draft (equal); writing – review 
and editing (equal). Jinzhi Shi: Writing – original draft 
(equal); writing – review and editing (equal). Jiling Zhu: 
Data curation (equal); formal analysis (equal). Fan Yang: 
Data curation (equal); formal analysis (equal). Jia Yu: 
Conceptualization (equal); funding acquisition (equal); 
project administration (equal); writing – review and edit-
ing (equal). Kai Dai: Conceptualization (equal); funding 
acquisition (equal); project administration (equal); writ-
ing – review and editing (equal).

FUNDING INFORMATION
This work supported by the National Natural Science 
Foundation of China, No. 81972673 and the Interdisciplinary 
Innovative Talents Foundation from Renmin Hospital of 
Wuhan University (JCRCFZ-2022-028).

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data 
were created or analyzed in this study.

ORCID
Sha She   https://orcid.org/0000-0002-1863-957X 

REFERENCES
	 1.	 Sung H, Ferlay J, Siegel RL, et  al. Global cancer statistics 

2020: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2021;71(3):209-249.

	 2.	 Yang Y, Chen Y, Ye F, et  al. Late recurrence of hepatocellu-
lar carcinoma after radiofrequency ablation: a multicenter 
study of risk factors, patterns, and survival. Eur Radiol. 
2021;31(5):3053-3064.

	 3.	 European Association for the Study of the Liver, European 
Association for the Study of the Liver. EASL clinical prac-
tice guidelines: management of hepatocellular carcinoma. J 
Hepatol. 2018;69(1):182-236.

	 4.	 Wang C, He W, Yuan Y, et al. Comparison of the prognostic value 
of inflammation-based scores in early recurrent hepatocellular 
carcinoma after hepatectomy. Liver Int. 2020;40(1):229-239.

	 5.	 Shinkawa H, Tanaka S, Kabata D, et al. The prognostic impact 
of tumor differentiation on recurrence and survival after resec-
tion of hepatocellular carcinoma is dependent on tumor size. 
Liver Cancer. 2021;10(5):461-472.

	 6.	 Gruttadauria S, Barbera F, Conaldi PG, et  al. Clinical and 
molecular-based approach in the evaluation of hepatocellu-
lar carcinoma recurrence after radical liver resection. Cancers 
(Basel). 2021;13(3):518.

	 7.	 Wu Y, Tu C, Shao C. Inflammatory indexes in preopera-
tive blood routine to predict early recurrence of hepato-
cellular carcinoma after curative hepatectomy. BMC Surg. 
2021;21(1):178.

	 8.	 Cai Z, Su X, Qiu L, et al. Personalized neoantigen vaccine pre-
vents postoperative recurrence in hepatocellular carcinoma pa-
tients with vascular invasion. Mol Cancer. 2021;20(1):164.

	 9.	 Nitta H, Allard MA, Sebagh M, et al. Ideal surgical margin to 
prevent early recurrence after hepatic resection for hepatocel-
lular carcinoma. World J Surg. 2021;45(4):1159-1167.

	10.	 Wei Y, Pei W, Qin Y, Su D, Liao H. Preoperative MR imag-
ing for predicting early recurrence of solitary hepatocellular 
carcinoma without microvascular invasion. Eur J Radiol. 
2021;138:109663.

	11.	 Hanahan D, Weinberg RA. Hallmarks of cancer: the next gen-
eration. Cell. 2011;144(5):646-674.

	12.	 Xu X, Huang A, Guo DZ, et  al. Integration of inflammation-
immune factors to build prognostic model predictive of progno-
sis and minimal residual disease for hepatocellular carcinoma. 
Front Oncol. 2022;12:893268.

	13.	 Schoenberg MB, Li X, Li X, et  al. The predictive value of 
tumor infiltrating leukocytes in hepatocellular carcinoma: 
a systematic review and meta-analysis. Eur J Surg Oncol. 
2021;47(10):2561-2570.

	14.	 Sanghera C, Teh JJ, Pinato DJ. The systemic inflammatory re-
sponse as a source of biomarkers and therapeutic targets in he-
patocellular carcinoma. Liver Int. 2019;39(11):2008-2023.

https://orcid.org/0000-0002-1863-957X
https://orcid.org/0000-0002-1863-957X


8 of 9  |      SHE et al.

	15.	 Tampaki M, Papatheodoridis GV, Cholongitas E. Intrahepatic 
recurrence of hepatocellular carcinoma after resection: an up-
date. Clin J Gastroenterol. 2021;14(3):699-713.

	16.	 Yoo S, Kim JY, Lim YS, Han S, Choi J. Impact of HBsAg se-
roclearance on late recurrence of hepatitis B virus-related 
hepatocellular carcinoma after surgical resection. J Hepatol. 
2022;77:939-946.

	17.	 Sun HC, Zhang W, Qin LX, et  al. Positive serum hepati-
tis B e antigen is associated with higher risk of early recur-
rence and poorer survival in patients after curative resection 
of hepatitis B-related hepatocellular carcinoma. J Hepatol. 
2007;47(5):684-690.

	18.	 Poon RT, Fan ST, Ng IO, Lo CM, Liu CL, Wong J. Different risk 
factors and prognosis for early and late intrahepatic recurrence 
after resection of hepatocellular carcinoma. Cancer. 2000;89(3):​
500-507.

	19.	 Portolani N, Coniglio A, Ghidoni S, et al. Early and late recur-
rence after liver resection for hepatocellular carcinoma: prog-
nostic and therapeutic implications. Ann Surg. 2006;243(2):​
229-235.

	20.	 Shi M, Guo RP, Lin XJ, et  al. Partial hepatectomy with wide 
versus narrow resection margin for solitary hepatocellu-
lar carcinoma: a prospective randomized trial. Ann Surg. 
2007;245(1):36-43.

	21.	 Lu SD, Li L, Liang XM, et  al. Updates and advancements in 
the management of hepatocellular carcinoma patients after 
hepatectomy. Expert Rev Gastroenterol Hepatol. 2019;13(11):​
1077-1088.

	22.	 Villanueva A, Hoshida Y, Battiston C, et al. Combining clini-
cal, pathology, and gene expression data to predict recurrence 
of hepatocellular carcinoma. Gastroenterology. 2011;140(5):​
1501-1512.

	23.	 Hashimoto K, Ikeda Y, Korenaga D, et al. The impact of pre-
operative serum C-reactive protein on the prognosis of pa-
tients with hepatocellular carcinoma. Cancer. 2005;103(9):​
1856-1864.

	24.	 Zhang M, Zhang S, Yang Z, et al. Association between the ex-
pression levels of IL-6 and IL-6R in the hepatocellular carci-
noma microenvironment and postoperative recurrence. Oncol 
Lett. 2018;16(6):7158-7165.

	25.	 Yamamura K, Sugimoto H, Kanda M, et  al. Comparison of 
inflammation-based prognostic scores as predictors of tumor 
recurrence in patients with hepatocellular carcinoma after cura-
tive resection. J Hepatobiliary Pancreat Sci. 2014;21(9):682-688.

	26.	 Schreiber RD, Old LJ, Smyth MJ. Cancer immunoediting: inte-
grating immunity's roles in cancer suppression and promotion. 
Science. 2011;331(6024):1565-1570.

	27.	 Li YW, Qiu SJ, Fan J, et  al. Intratumoral neutrophils: a poor 
prognostic factor for hepatocellular carcinoma following resec-
tion. J Hepatol. 2011;54(3):497-505.

	28.	 Xu X, Tan Y, Qian Y, et al. Clinicopathologic and prognostic sig-
nificance of tumor-infiltrating CD8+ T cells in patients with he-
patocellular carcinoma: a meta-analysis. Medicine (Baltimore). 
2019;98(2):e13923.

	29.	 Ormandy LA, Hillemann T, Wedemeyer H, Manns MP, Greten 
TF, Korangy F. Increased populations of regulatory T cells in 
peripheral blood of patients with hepatocellular carcinoma. 
Cancer Res. 2005;65(6):2457-2464.

	30.	 Kobayashi T, Teruya M, Kishiki T, et  al. Inflammation-based 
prognostic score, prior to neoadjuvant chemoradiotherapy, 

predicts postoperative outcome in patients with esophageal 
squamous cell carcinoma. Surgery. 2008;144(5):729-735.

	31.	 Wu D, Wang X, Shi G, Sun H, Ge G. Prognostic and clinical 
significance of modified glasgow prognostic score in pancreatic 
cancer: a meta-analysis of 4,629 patients. Aging (Albany NY). 
2021;13(1):1410-1421.

	32.	 Alexander PG, Roseweir AK, Pennel KAF, et al. The Glasgow 
Microenvironment Score associates with prognosis and adju-
vant chemotherapy response in colorectal cancer. Br J Cancer. 
2021;124(4):786-796.

	33.	 Fujiwara Y, Shiba H, Furukawa K, et  al. Glasgow Prognostic 
Score is related to blood transfusion requirements and post-
operative complications in hepatic resection for hepatocellular 
carcinoma. Anticancer Res. 2010;30(12):5129-5136.

	34.	 Pan QX, Zhang JH, Su ZJ, Wang CR, Ke SY. The Glasgow 
Prognostic Score is an independent prognostic predictor of he-
patocellular carcinoma following radical resection. Oncol Res 
Treat. 2014;37(4):192-197.

	35.	 Ni XC, Yi Y, Fu YP, et al. Prognostic value of the modified Glasgow 
Prognostic Score in patients undergoing radical surgery for 
hepatocellular carcinoma. Medicine (Baltimore). 2015;94(36):​
e1486.

	36.	 Johnson PJ, Berhane S, Kagebayashi C, et  al. Assessment of 
liver function in patients with hepatocellular carcinoma: a new 
evidence-based approach-the ALBI grade. J Clin Oncol. 2015;33(6):​
550-558.

	37.	 Wang YY, Zhong JH, Su ZY, et  al. Albumin-bilirubin versus 
Child-Pugh score as a predictor of outcome after liver resection 
for hepatocellular carcinoma. Br J Surg. 2016;103(6):725-734.

	38.	 Zhao S, Wang M, Yang Z, et  al. Comparison between Child-
Pugh score and albumin-bilirubin grade in the prognosis of 
patients with HCC after liver resection using time-dependent 
ROC. Ann Transl Med. 2020;8(8):539.

	39.	 Lee YH, Koh YS, Hur YH, Cho CK, Kim HJ, Park EK. 
Effectiveness of the albumin-bilirubin score as a prognostic 
factor for early recurrence after curative hepatic resection for 
hepatocellular carcinoma. Ann Hepatobiliary Pancreat Surg. 
2018;22(4):335-343.

	40.	 Demirtas CO, D'Alessio A, Rimassa L, Sharma R, Pinato DJ. 
ALBI grade: evidence for an improved model for liver func-
tional estimation in patients with hepatocellular carcinoma. 
JHEP Rep. 2021;3(5):100347.

	41.	 Itoh S, Yugawa K, Shimokawa M, et al. Prognostic significance 
of inflammatory biomarkers in hepatocellular carcinoma fol-
lowing hepatic resection. BJS Open. 2019;3(4):500-508.

	42.	 Mano Y, Shirabe K, Yamashita Y, et al. Preoperative neutrophil-
to-lymphocyte ratio is a predictor of survival after hepatectomy 
for hepatocellular carcinoma: a retrospective analysis. Ann 
Surg. 2013;258(2):301-305.

	43.	 Lu SD, Wang YY, Peng NF, et al. Preoperative ratio of neutro-
phils to lymphocytes predicts postresection survival in selected 
patients with early or intermediate stage hepatocellular carci-
noma. Medicine (Baltimore). 2016;95(5):e2722.

	44.	 Liu Y, Wang ZX, Cao Y, Zhang G, Chen WB, Jiang CP. 
Preoperative inflammation-based markers predict early and 
late recurrence of hepatocellular carcinoma after curative hepa-
tectomy. Hepatobiliary Pancreat Dis Int. 2016;15(3):​266-274.

	45.	 Hung HC, Lee JC, Cheng CH, et al. Impact of neutrophil to lym-
phocyte ratio on survival for hepatocellular carcinoma after cura-
tive resection. J Hepatobiliary Pancreat Sci. 2017;24(10):559-569.



      |  9 of 9SHE et al.

	46.	 Wu XL, Bi XY, Li ZY, et al. Correlation between postoperative 
neutrophil to lymphocyte ratio and recurrence and progno-
sis of hepatocellular carcinoma after radical liver resection. 
Zhonghua Zhong Liu Za Zhi. 2018;40(5):365-371.

	47.	 Wu M, Yang S, Feng X, et al. Combining preoperative and post-
operative inflammatory indicators can better predict the recur-
rence of hepatocellular carcinoma after partial hepatectomy. J 
Inflamm Res. 2021;14:3231-3245.

	48.	 Yang HJ, Jiang JH, Liu QA, et  al. Preoperative platelet-to-
lymphocyte ratio is a valuable prognostic biomarker in patients 
with hepatocellular carcinoma undergoing curative liver resec-
tion. Tumour Biol. 2017;39(6):1010428317707375.

	49.	 Kaida T, Nitta H, Kitano Y, et  al. Preoperative platelet-to-
lymphocyte ratio can predict recurrence beyond the Milan 
criteria after hepatectomy for patients with hepatocellular car-
cinoma. Hepatol Res. 2017;47(10):991-999.

	50.	 Yang T, Zhu J, Zhao L, et al. Lymphocyte to monocyte ratio and 
neutrophil to lymphocyte ratio are superior inflammation-based 
predictors of recurrence in patients with hepatocellular carci-
noma after hepatic resection. J Surg Oncol. 2017;115(6):718-728.

	51.	 Iseda N, Itoh S, Yoshizumi T, et al. Lymphocyte-to-C-reactive 
protein ratio as a prognostic factor for hepatocellular carci-
noma. Int J Clin Oncol. 2021;26(10):1890-1900.

	52.	 Iseda N, Itoh S, Toshida K, et  al. Impact of albumin-
lymphocyte-platelet-C-reactive protein index as a prognostic 
indicator of hepatocellular carcinoma after resection: associ-
ated with nuclear factor erythroid 2-related factor 2. Hepatol 
Res. 2023;54:91-102.

	53.	 Iida H, Tani M, Komeda K, et al. Superiority of CRP-albumin-
lymphocyte index (CALLY index) as a non-invasive prognos-
tic biomarker after hepatectomy for hepatocellular carcinoma. 
HPB (Oxford). 2022;24(1):101-115.

	54.	 Bihari C, Rastogi A, Shasthry SM, et al. Platelets contribute to 
growth and metastasis in hepatocellular carcinoma. APMIS. 
2016;124(9):776-786.

	55.	 Wu TJ, Chang SS, Li CW, et al. Severe hepatitis promotes he-
patocellular carcinoma recurrence via NF-kappaB pathway-
mediated epithelial-mesenchymal transition after resection. 
Clin Cancer Res. 2016;22(7):1800-1812.

	56.	 Cariani E, Pilli M, Zerbini A, et al. Immunological and molec-
ular correlates of disease recurrence after liver resection for he-
patocellular carcinoma. PLoS One. 2012;7(3):e32493.

	57.	 Gabrielson A, Wu Y, Wang H, et al. Intratumoral CD3 and CD8 
T-cell densities associated with relapse-free survival in HCC. 
Cancer Immunol Res. 2016;4(5):419-430.

	58.	 Fu J, Zhang Z, Zhou L, et al. Impairment of CD4+ cytotoxic T 
cells predicts poor survival and high recurrence rates in patients 
with hepatocellular carcinoma. Hepatology. 2013;58(1):139-149.

	59.	 Lee SK, Lee SW, Jang JW, Bae SH, Choi JY, Yoon SK. 
Immunological markers, prognostic factors and challenges fol-
lowing curative treatments for hepatocellular carcinoma. Int J 
Mol Sci. 2021;22(19):10271.

	60.	 Sasaki A, Tanaka F, Mimori K, et al. Prognostic value of tumor-
infiltrating FOXP3+ regulatory T cells in patients with hepato-
cellular carcinoma. Eur J Surg Oncol. 2008;34(2):173-179.

	61.	 Huang Y, Wang FM, Wang T, et al. Tumor-infiltrating FoxP3+ 
Tregs and CD8+ T cells affect the prognosis of hepatocellular 
carcinoma patients. Digestion. 2012;86(4):329-337.

	62.	 Chen VL, Xu D, Wicha MS, Lok AS, Parikh ND. Utility of liquid 
biopsy analysis in detection of hepatocellular carcinoma, de-
termination of prognosis, and disease monitoring: a systematic 
review. Clin Gastroenterol Hepatol. 2020;18(13):2879-2902.

	63.	 Ding T, Xu J, Wang F, et  al. High tumor-infiltrating macro-
phage density predicts poor prognosis in patients with pri-
mary hepatocellular carcinoma after resection. Hum Pathol. 
2009;40(3):381-389.

	64.	 Lin SZ, Chen KJ, Xu ZY, et  al. Prediction of recurrence and 
survival in hepatocellular carcinoma based on two cox models 
mainly determined by FoxP3+ regulatory T cells. Cancer Prev 
Res (Phila). 2013;6(6):594-602.

	65.	 Zeng X, Ward SE, Zhou J, Cheng ASL. Liver immune microen-
vironment and metastasis from colorectal cancer-pathogenesis 
and therapeutic perspectives. Cancers (Basel). 2021;13(10):2418.

	66.	 Zhang W, Zhang B, Chen XP. Adjuvant treatment strategy after 
curative resection for hepatocellular carcinoma. Front Med. 
2021;15(2):155-169.

	67.	 Bruix J, Takayama T, Mazzaferro V, et al. Adjuvant sorafenib for 
hepatocellular carcinoma after resection or ablation (STORM): 
a phase 3, randomised, double-blind, placebo-controlled trial. 
Lancet Oncol. 2015;16(13):1344-1354.

	68.	 Antoniou EA, Margonis GA, Amini N, et al. Sorafenib as an ad-
juvant therapy for resectable hepatocellular carcinoma: a single 
center experience. J BUON. 2016;21(5):1189-1194.

	69.	 Wang SN, Chuang SC, Lee KT. Efficacy of sorafenib as adju-
vant therapy to prevent early recurrence of hepatocellular 
carcinoma after curative surgery: a pilot study. Hepatol Res. 
2014;44(5):523-531.

	70.	 Li J, Hou Y, Cai XB, Liu B. Sorafenib after resection improves 
the outcome of BCLC stage C hepatocellular carcinoma. World 
J Gastroenterol. 2016;22(15):4034-4040.

	71.	 Yu X, Zhao H, Liu L, et al. A randomized phase II study of au-
tologous cytokine-induced killer cells in treatment of hepato-
cellular carcinoma. J Clin Immunol. 2014;34(2):194-203.

	72.	 Hack SP, Spahn J, Chen M, et al. IMbrave 050: a phase III trial 
of atezolizumab plus bevacizumab in high-risk hepatocellular 
carcinoma after curative resection or ablation. Future Oncol. 
2020;16(15):975-989.

	73.	 Chen Q, Shu C, Laurence AD, et al. Effect of Huaier granule 
on recurrence after curative resection of HCC: a multicentre, 
randomised clinical trial. Gut. 2018;67(11):2006-2016.

How to cite this article: She S, Shi J, Zhu J, Yang 
F, Yu J, Dai K. Impact of inflammation and the 
immune system on hepatocellular carcinoma 
recurrence after hepatectomy. Cancer Med. 
2024;13:e7018. doi:10.1002/cam4.7018

https://doi.org/10.1002/cam4.7018

	Impact of inflammation and the immune system on hepatocellular carcinoma recurrence after hepatectomy
	Abstract
	1|INTRODUCTION
	2|RISK FACTORS OF RECURRENCE AFTER CURATIVE HEPATECTOMY FOR HCC
	3|ROLE OF INFLAMMATION IN RECURRENCE OF HCC AFTER CURATIVE RESECTION
	3.1|Glasgow prognostic score
	3.1.1|Albumin-­bilirubin (ALBI) grade

	3.2|Neutrophil-­to-­lymphocyte ratio and platelet-­to-­lymphocyte ratio

	4|ROLE OF IMMUNE FACTORS IN RECURRENCE OF HCC AFTER CURATIVE RESECTION
	4.1|Cytotoxic T cells and Treg cells
	4.2|Macrophages
	4.3|NK cells

	5|PREVENTION OF HCC AFTER HEPATECTOMPY
	6|CONCLUSIONS AND FUTURE PERSPECTIVES
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


