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Abstract

Background: Tyrosine kinase inhibitors have been used to treat hepa-
tocellular carcinoma (HCC), but the outcomes of patients under treat-
ment vary. Since the roles of clinicopathological aspects and markers 
of chronic inflammation/immune homeostasis in the outcome of HCC 
patients treated with sorafenib are still unclear, these were the aims 
of this study.

Methods: Patients with alcohol-induced and/or hepatitis C virus 
(HCV)-induced HCC (n = 182) uniformly treated with sorafenib 
were included in the study. Baseline clinicopathological aspects of 
patients were computed from the medical records. The neutrophil-
to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), lym-
phocyte-to-monocyte ratio (LMR), systemic inflammation response 
index (SIRI), and systemic immune-inflammation index (SII) were 
obtained from the hematological exam performed before the admin-
istration of sorafenib. Overall survival (OS) was analyzed using Ka-
plan-Meier probabilities, log-rank test, and univariate and multivari-
ate Cox proportional hazard ratio (HR) analyses.

Results: In multivariate analysis, alpha-foetoprotein (AFP) level and 
Child-Pugh score were predictors of OS. Patients with AFP levels 
higher than 157 ng/mL and Child-Pugh B or C had 1.40 (95% con-

fidence interval (CI): 1.03 - 1.91, P = 0.03) and 1.64 (95% CI: 1.07 
- 2.52, P = 0.02) more chances of evolving to death than the remaining 
patients, respectively. NLR, PLR, LMR, SIRI, and SII did not alter 
the OS of HCC patients.

Conclusions: AFP level and Child-Pugh score act as independent 
prognostic factors in patients with alcohol and/or HCV-induced HCC 
treated with sorafenib, but markers of chronic inflammation/immune 
homeostasis seem not to alter the outcome of patients with HCC in-
duced by alcohol and/or HCV.
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Introduction

Hepatocellular carcinoma (HCC) accounts for about 5% of all 
cancer cases, but it is the fourth leading cause of death from can-
cer worldwide [1]. The 5-year overall survival (OS) rate for HCC 
patients stands below 20% [2]. The increasing number of cases in 
Brazil and the apparent intense aggressiveness of the tumor in the 
country make it a relevant pathology for research [3, 4].

Curative treatments, such as surgical resection and radi-
ofrequency ablation, are indicated for patients with early-stage 
tumors [5, 6]. Nevertheless, most patients with HCC are diag-
nosed at intermediate or advanced stages, and these therapies 
are not effective for them [5, 6]. Sorafenib, a multikinase in-
hibitor that blocks cell proliferation, is the only first-line sys-
temic therapy that improves OS of unresectable HCC patients 
[7, 8], but the results presented by different patients under 
treatment vary.

It was already postulated that clinicopathological aspects, 
such as age [9], performance status [9-13], non-viral etiologies 
[9], Child-Pugh score [10-17], alpha-foetoprotein (AFP) level 
[13, 14, 16, 18, 19], type 2 diabetes mellitus (DM2) [19, 20], 
sarcopenia [21], and tumor size/volume [18, 19] are independ-
ent prognostic factors for HCC patients treated with sorafenib, 
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but most of these associations need to be confirmed.
Chronic inflammation has been seen as a typical feature 

of HCC, being present in approximately 90% of cases [22, 
23], and increasing evidence shows that systemic inflamma-
tion markers correlate with the HCC patients’ outcomes. The 
neutrophil-to-lymphocyte ratio (NLR) [12, 15, 21, 24, 25] and 
platelet-to-lymphocyte ratio (PLR) [9, 12, 15, 21, 24, 25] ef-
fects on OS of patients with HCC of various etiologies un-
dergoing sorafenib therapy or combinations of tyrosine kinase 
inhibitor (TKI) and checkpoint inhibitors therapy were inves-
tigated, and conflicting results were obtained.

The immune system has been implicated in the origin, 
progression, and outcome of HCC patients [26, 27]. It has also 
been seen with potential importance in sorafenib treatment 
[28-30], giving support to investigations of baseline lympho-
cyte-to-monocyte ratio (LMR) in HCC patients treated with 
the agent. Conflicting results were obtained in the evaluation 
of the LMR effects on survival of patients with HCC of viral 
and non-viral etiology treated with sorafenib or combinations 
of checkpoint inhibitors and TKIs [13, 15, 16, 21].

Conflicting results were also found in analysis of the sys-
temic inflammation response index (SIRI) in OS of patients 
with HCC induced by hepatitis B virus (HBV) infection treat-
ed with sorafenib [16] or combinations of checkpoint inhibi-
tors and TKIs [21] and of the systemic inflammatory index 
(SII) in OS of patients with viral and non-viral HCC [9, 15, 24] 
receiving sorafenib.

In the current study, we analyzed the effects of baseline 
clinicopathological aspects and inflammation-immune mark-
ers in HCC induced mainly by alcohol and hepatitis C virus 
(HCV) uniformly treated with sorafenib, aiming to assess their 
roles in patients’ outcomes.

Materials and Methods

Study design and participants

All HCC patients treated with sorafenib at the University of 
Campinas’s General Hospital between July 2010 and March 
2020 were enrolled in this retrospective study. HCC diagnosis 
was based on conventional criteria [31]. Patients with incon-
sistent follow-up data, or those whose data could not be ob-
tained, were excluded from the analysis.

Data related to age, gender, race, alcohol or tobacco use, 
body mass index (BMI), infection by HBV or HCV, and the 
presence of DM2 as a comorbidity of interest were collected 
from the medical records. Obesity [32] and DM2 [33] were 
identified using conventional criteria, and Child-Pugh stag-
ing was based on the Barcelona Clinic Liver Cancer (BCLC) 
system. A hematological exam and AFP level were obtained 
before sorafenib initiation. SIRI and SII were calculated as fol-
lows: SIRI = peripheral blood neutrophil count × monocyte/
lymphocyte count and SII = peripheral blood platelet count × 
neutrophil count/lymphocyte count obtained prior to sorafenib 
administration. Median values were used as cutoff values for 
NLR, PLR, LMR, SIRI, and SII.

All patients were treated with oral sorafenib at an initial 

daily dose of 800 mg [7]. During treatment, patients were 
queried regarding adverse events, and had reductions in agent 
dose or treatment interruption, based on the National Cancer 
Institute’s criteria (CTCAE 2017).

Statistical analysis

The statistical significance of differences between groups was 
calculated either using Fisher’s exact probability test or the 
Chi-square test and multiple logistic regression. OS was calcu-
lated from the date of diagnosis until the date of death from any 
cause or the date of the last follow-up, using Kaplan-Meier es-
timated probability curves and the log-rank test. The impact of 
clinicopathological aspects on patients’ survival was assessed 
through univariate and multivariate Cox analyses; factors with 
P < 0.10 were accepted for multivariate analysis. A bootstrap 
analysis (n = 10,000) based on random resampling was applied 
to ensure the stability of the Cox regression model.

All analyses were performed with the SPSS 21.0 statistical 
program (SPSS Incorporation, USA). Factors with P values < 
0.05 were considered significant.

The study was conducted in accordance with the ethical 
guidelines of the 1975 Declaration of Helsinki and was ap-
proved by the research ethics committees of the University of 
Campinas (process no 4.139.074).

Results

Description of the cohort

The study revealed that the median age of the 182 patients en-
rolled in the study was 60 years, and most of them were males. 
About two-thirds of the patients were alcoholics or former al-
coholics and had hepatitis C, half of the patients were smok-
ers or former smokers, and about one-third of the patients had 
DM2. Almost all patients were categorized as Child-Pugh A or 
B (Table 1).

Grade 3 toxicities to sorafenib identified in 35 (19.2%) 
patients were: diarrhea (14 patients), hand-foot syndrome (10 
patients), nausea (four patients), asthenia (three patients), my-
algia (two patients), thrombocytopenia (one patient), and skin 
lesion (one patient) (Table 1).

Patient survival

The median observation time of patients in the study was 20 
months (range = 1 - 143), and at this time, 50.5% of patients 
were alive and 49.5% had died (Fig. 1). At the end of the study 
(10/03/2023), five patients (2.7%) were alive and 177 (97.3%) 
were dead.

At 20 months of follow-up, similar OS rates were ob-
served in patients stratified by age, gender, alcohol consump-
tion, smoking habit, obesity, HBV status and HCV status, 
NLR, PLR, LMR, SIRI, and SII. In contrast, lower OS was ob-
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served in patients with DM2 (40.0% vs. 54.1%, P = 0.02), AFP 
> 157.0 ng/mL (46.9% vs. 62.7%, P = 0.04), and Child-Pugh 
B or C (41.4% vs. 52.3%, P = 0.007), when compared to oth-
ers (Kaplan-Meier estimates). In univariate analysis, patients 
with DM2, AFP > 157.0 ng/mL, and Child-Pugh B or C had 
a 1.42 (95% confidence interval (CI): 1.03 - 1.94), 1.34 (95% 
CI: 1.00 - 1.82) and 1.72 (95% CI: 1.14 - 2.59) more chances 
of evolving to death than the remaining patients, respectively.

In multivariate analysis, patients with AFP levels higher 
than 157.0 ng/mL and Child-Pugh B or C had 1.40 (95% CI: 
1.03 - 1.91) and 1.64 (95% CI: 1.07 - 2.52) more chances of 
dying than the remaining patients, respectively (Fig. 1, Table 2).

Discussion

We initially found that HCC patients enrolled in this study 
generally presented a clinicopathological profile like those of 
patients from other countries [34], and therefore the sample 
analyzed herein was adequate for the evaluation of prognos-
tic factors in the disease. However, it is important to note that 
most patients in our sample had alcohol and HCV-induced 
HCC, while chronic infection by HBV was the main cause of 
HCC among European and Asian patients [34]. Moreover, pa-
tients with Child-Pugh A or B were more prevalent in our sam-
ple than in others [34], because only cases with unequivocal 
indication for sorafenib treatment were treated in our service.

Secondly, Cox’s univariate analysis revealed that the pres-
ence of DM2, AFP level higher than 157 ng/mL, and Child-
Pugh B or C were associated with increased risk of death in 
our sample; therefore, these markers were seen as prognostic 
predictors for OS. Lower OS was also observed in patients 
with AFP levels higher than 157 ng/mL and in patients with 
Child-Pugh B or C in Cox’s multivariate analysis, even after 
Bonferroni correction, and therefore these markers were seen 
as independent predictive factors for OS in our patients.

DM predicted a better prognosis in HCC treated with 
sorafenib in two studies [19, 20]. Since hyperglycemia favors 
glycolysis which is a main energy-producing process in cancer 
cells [35], the authors attributed the association of DM2 with 
longer survival of HCC patients treated with sorafenib to the 
effects of TKIs in glycemic control in diabetics reducing pro-
liferation of the malignant cells. DM2 had a mildly negative 
impact on our patients’ survival in univariate analysis, but this 
result was not confirmed in multivariate analysis. It is possible 
that the survival of patients with DM2 was altered by other 
risk factors whose influences were excluded in Cox’s univari-
ate analysis. In accordance with our finding, no survival dif-
ference between diabetic and nondiabetic HCC patients treat-
ed with sorafenib was seen in other two studies [11, 36], and 
therefore the association of DM2 with the outcome of HCC pa-
tients treated with sorafenib remains controversial in literature.

The associations of high AFP level and Child-Pugh B or C 
with low OS in our patients were not a surprise. High AFP lev-
el was previously associated with low survival rates in patients 
with HCC induced mainly by HBV and/or HCV treated with 
sorafenib [13, 14, 16, 18, 19]. Previous studies have shown 
that the time required for the tumor to double in volume, as 

Table 1.  Baseline Characteristics of the 182 Patients With 
Hepatocellular Carcinoma

Variable Median (min. - max.) or number  
(%)

Age (years) 60 (31 - 86)
Gender
  Male 148 (81.3)
  Female 34 (18.7)
Alcoholism
  Yes 86 (47.2)
  Ex-drinker 22 (12.1)
  No 74 (40.7)
Smoking
  Yes 74 (40.7)
  Ex-smoker 17 (9.3)
  No 91 (50.0)
Obesity
  Yes 33 (18.1)
  No 149 (81.9)
Neutrophil/µL 3,120.0 (1,020.0 - 13,540.0)
Lymphocyte/µL 1,370.0 (320.0 - 4,980.0)
Monocyte/µL 500.0 (50.0 - 1,720.0)
Platelet/µL 126,000.0 (38,000.0 - 666,000.0)
Neutrophil/lymphocyte ratio 2.17 (0.5 - 14.4)
Platelet/lymphocyte ratio 98,705.6 (26,108.0 - 1,016,667.0)
Lymphocyte/monocyte ratio 2.80 (0.4 - 12.0)
SIRI 1.07 (0.09 - 12.89)
SII 307,786.3 (39,424.0 - 4,575,000.0)
Type 2 diabetes mellitus
  Yes 60 (33.0)
  No 122 (67.0)
Alpha-fetoprotein (ng/mL) 157 (1.6 - 300,000.00)
Hepatitis B
  Yes 13 (7.1)
  No 169 (92.9)
Hepatitis C
  Yes 107 (58.8)
  No 75 (41.2)
Child-Pugh score
  A 151 (83.0)
  B 27 (14.8)
  C 2 (1.2)
Grade 3 toxicity
  Yes 35 (19.2)
  No 147 (80.8)

SII: systemic inflammatory index; SIRI: systemic inflammation re-
sponse index.
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well as the time for AFP levels to double, were shorter in HCC 
with higher degrees of malignancy [37]. Moreover, having a 
good hepatic reserve is the main variable in defining OS in 
patients with alcohol, HBV and/or HCV-induced HCC under-
going sorafenib therapy. It is well known that Child-Pugh A or 
B patients obtain the best therapeutic results [10-13, 15-17].

Finally, we did not find associations of markers and in-
dexes of chronic inflammation/immune homeostasis with the 
outcome of patients with HCC patients’ outcome in the cur-
rent study. Neutrophils promote adhesion and seeding of tumor 
cells in distant organ sites through the secretion of growth fac-
tors and proteases [38], and mechanically, elevated neutrophils 
reflect the response to the system inflammation that is related 
to the increasing tumor burden and metastasis [39]. Platelets 
induce circulating tumor cell epithelial-mesenchymal transi-
tion and promote tumor metastasis [40, 41]. Monocytes/mac-
rophages in the tumor act as a pro-cancer microenvironment 
by facilitating tumor cell migration, invasion, and metastasis, 
and by protecting the tumor from the anti-tumor immune re-
sponse [42-44]. In contrast, lymphocytes play a fundamental 
role in host defense against tumors by inducing cytotoxic cell 
death and inhibiting tumor cell proliferation and migration 
[45]. Thus, the lack of association between patients’ OS and 

inflammation/immune homeostasis markers and indexes was 
not expected in the current study.

In fact, elevated NLR and SII predicted lower OS in HCC 
patients in the study conducted by Casadei Gardini et al [24] and 
Conroy et al [15] showed high SII as a risk factor for poor OS in 
HCC patients. Zhu et al [16] observed that elevated monocyte-
to-lymphocyte ratio predicted low OS in HCC patients. Ha et al 
[13] in an analysis of advanced HCC in two ethnically distinct 
groups of HCC patients, North Americans, and Asians, observed 
that reduced LMR predicted low OS only in the Asian subset. 
Elevated NLR and low PLR were also predictive factors of low 
OS benefit in HCC patients in the meta-analysis of 13 studies 
conducted by Liu et al [25]. Elevated SII predicted low OS in 
patients with HCC in the study conducted by Zhao et al [21]. It 
is worth commenting that HCC was induced mainly by HBV 
and HCV [13, 16, 21, 25] and that HCC patients received only 
sorafenib as treatment [13, 15, 16, 24, 25] in most of the above-
mentioned studies. A substantial cohort of patients with HCC 
induced by various chronic liver diseases was included only in 
studies conducted by Casadei Gardini et al (viral etiology: 54%, 
non-viral etiology: 44%) and Conroy et al (viral etiology: 30%, 
alcohol: 50%, other etiologies: 20%), and treatment with various 
combinations of TKIs and immune checkpoint inhibitors (ICIs) 

Figure 1. Kaplan-Meier curves for overall survival of 182 patients with hepatocellular carcinoma treated with sorafenib obtained 
from data of Cox’s multivariate analysis. Overall survival of the entire cohort (a), and of patients stratified by Child-Pugh clas-
sification (b), and alpha-fetoprotein level (c).
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Table 2.  Association of Clinical and Pathological Aspects With Overall Survival of 182 Patients With Hepatocellular Carcinoma

Variable Total N/N event
Overall survival

Univariate analysis Multivariate analysis
HR (95% CI) P value HR (95% CI) P value

Age (years)
    ≤ 60 94/91 Reference 0.63 NA NA
  > 60 88/86 1.07 (0.80 - 1.44)
Gender
  Female 34/32 Reference 0.16 NA NA
  Male 148/45 1.31 (0.89 - 1.92)
Alcoholism
  No 74/76 Reference 0.20 NA NA
  Yes or ex 108/106 1.21 (0.89 - 1.64)
Smoking
  No 91/87 Reference 0.08 Reference 0.24
  Yes or ex 91/90 1.30 (0.96 - 1.75) 1.20 (0.87 - 1.64)
Obesity
  No 149/144 Reference 0.52 NA NA
  Yes 33/33 1.13 (0.77 - 1.65)
NLRc

    ≤ 2.2 92/92 Reference 0.78 NA NA
  > 2.2 88/83 1.04 (0.77 - 1.40)
PLRc

    ≤ 98,705 86/84 Reference 0.53 NA NA
  > 98,705 86/84 1.10 (0.81 - 1.49)
LMRc

    ≤ 2.8 86/84 Reference 0.31 NA NA
  > 2.8 87/85 1.17 (0.86 - 1.58)
SIRIc

    ≤ 1.07 86/85 Reference 0.72 NA NA
  > 1.07 87/84 1.05 (0.77 - 1.43)
SIIc

    ≤ 307,786.3 86/84 Reference 0.90 NA NA
  > 307,786.3 86/84 1.02 (0.75 - 1.38)
Type 2 diabetes
  No 122/117 Reference 0.02* Reference 0.17
  Yes 60/60 1.42 (1.03 - 1.94) 1.26 (0.89 - 1.78)
AFP (ng/mL)c

    ≤ 157.0 86/82 Reference 0.04* Reference 0.03*a

  > 157.0 85/84 1.34 (1.00 - 1.82) 1.40 (1.03 - 1.91)
Hepatitis B
  Negative 169/164 Reference 0.73 NA NA
  Positive 13/13 1.10 (0.62 - 1.94)
Hepatitis C
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was administered only to HCC patients enrolled in the study of 
Zhao et al. Nevertheless, OS was not altered by PLR in Casadei 
Gardini’s study, NLR, PLR, and LMR in Conroy’s study, PLR 
and SII in Rovesty’s study, NLR and PLR in Sprinzl’s study, 
SIRI in Zhu’s study, and NLR, PLR, and LMR in Zhao’s study. 
It is also important to highlight at this point in the discussion 
that non-virus-related HCC contributed substantially to the co-
horts analyzed in the studies conducted by Casadei Gardini et 
al, Conroy et al and Sprinzl et al (viral etiology: 40%, alcohol: 
30%, other etiologies: 30%), and that sorafenib was the unique 
systemic treatment administered to patients enrolled in all stud-
ies, except in the study of Zhao et al.

It has been reported that alcohol accelerates HCV-induced 
liver tumorigenesis [46], and patients with HCC induced by al-
cohol abuse and steatohepatitis of other etiologies have poorer 
prognosis than those with virus-induced HCC [9], possibly 
because they have not been subjected to HCC screening and 
therefore have been diagnosed with advanced stage HCC with 
worse liver function [47]. Sorafenib may have distinct antitu-
mor effects in patients with HCC induced by HBV or HCV 
[48]. Moreover, lymphocytes are more common in ascitic fluid 
[49], peripheral blood, and liver tissue [50] of patients with 
cirrhosis/HCC of viral etiology (HBV or HCV) than in the 
respective fluids and tissue of patients with cirrhosis/HCC of 
other etiologies, including alcohol. It is possible that differenc-
es in HCC etiologies may influence the association of inflam-
mation/immune homeostasis markers and indexes with OS. 
Approximately 60% of patients enrolled in the current study 
had HCC induced by alcohol and/or HCV. Thus, our data and 
data of Casadei Gardini et al, Conroy et al, and Sprinzl et al 
conducted in patients with viral HCC, non-viral HCC, or HCC 
of mixed etiology, suggest that inflammation/immune homeo-
stasis markers and indexes may not predict OS in this group of 
patients. Differences in sample size, treatments, and follow-up 
time may also explain the controversial data found in the stud-
ies. It is possible that further studies focusing on patients with 

HCC of the same etiology and homogeneously treated with 
sorafenib are needed to clarify this issue.

We are aware of limitations of the present study. The 
medium-sized sample, a single-center service, the retrospec-
tive nature of the study, and the lack of additional information 
about clinical and tumor aspects, such as sarcopenia and tumor 
size/volume, could act as confounding factors in the analysis 
of survival rates. Moreover, analysis of inflammatory and im-
mune cells in the tumor, not performed in the study, would 
also be important to clarify whether the composition of these 
cells in peripheral blood reflects their composition in the HCC 
microenvironment.

In summary, our data indicate that AFP level and Child-
Pugh score act as independent prognostic factors in patients with 
alcohol and/or HCV-induced HCC treated with sorafenib, and 
similar results were previously described in patients with HCC 
of various etiologies [10-13, 15-19]. Nevertheless, our data and 
data of previous studies conducted in HCC induced by viral 
HCC, non-viral HCC, or HCC of mixed etiology [9, 12, 15, 16, 
24] undergoing sorafenib therapy do not show associations of 
markers of chronic inflammation/immune homeostasis with pa-
tients’ survival. We present chronic inflammation/immune ho-
meostasis markers as unimportant prognostic factors in patients 
with alcohol and/or HCV-induced HCC treated with sorafenib, 
and this is the novel finding of the study. We believe that if these 
findings could be confirmed in a larger cohort of patients with 
better clinical and tumor characterization, they could provide 
valuable information to health care professionals, who should 
consider AFP level and Child-Pugh score, but not inflammation/
immune homeostasis markers and indexes as seen in HCC of 
other etiologies to predict OS in this group of patients.
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Variable Total N/N event
Overall survival

Univariate analysis Multivariate analysis
HR (95% CI) P value HR (95% CI) P value

  Negative 75/73 Reference 0.64 NA NA
  Positive 107/104 1.07 (0.79 - 1.44)
Child-Pugh score
  A 151/146 Reference 0.009* Reference 0.02*b

  B or C 29/29 1.72 (1.14 - 2.59) 1.64 (1.07 - 2.52)
Grade 3 toxicity
  Yes 147/144 Reference 0.06 Reference 0.07
  No 35/33 1.45 (0.99 - 2.13) 1.44 (0.96 - 2.15)

Bootstrapping analysis: aP = 0.02 and bP = 0.002. cThe number of individuals is different from the total number of the study (n = 182) because it was 
not possible to obtain consistent information about the variable in some patients. *P ≤ 0.05. AFP: alpha-foetoprotein; CI: confidence interval; HR: 
hazard ratio; LMR: lymphocyte-to-monocyte ratio; NA: variable not included in Cox’s multivariate analysis; NLR: neutrophil-to-lymphocyte ratio; PLR: 
platelet-to-lymphocyte ratio; SII: systemic inflammatory index; SIRI: systemic inflammation response index.

Table 2.  Association of Clinical and Pathological Aspects With Overall Survival of 182 Patients With Hepatocellular Carcinoma - 
(continued)
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