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Abstract

Background/Aim: Advanced hepatocellular carcinoma has dismal prognosis. The choice of optimal therapy for each
patient is not characterized well. There is a growing need to describe the relation of predictive and prognostic factors
with survival. In this study, we aimed to examine the impact of clinical factors and inflammatory markers on the
prognosis.

Patients and Methods: A total of 125 patients who were diagnosed between January 2011-April 2018 were enrolled
retrospectively. Patients’ demographics, performance status, tumoral characteristics and inflammation-based
prognosticscores (neutrophil /lymphocyte ratio (NLR), prognostic nutritional index (PNI), aspartate aminotransferase/
platelet count ratio (APRI)) were recorded. Univariate and multivariate analyses were performed to determine the
prognostic factors for survival.

Results: Median age of patients was 64 (range=22-85) with male dominancy (n=105; 84%). Etiology was hepatitis B
virus in 74 patients, and hepatitis C virus in 9 cases. Median overall survival (mOS) of the overall study population was
11.9 months (95% CI=7.1-16.9). Local treatment options yielded a median OS of 24.8 months (95% CI=12.8-36.8) in
intermediate BCLC stage B patients. Patients who received sorafenib had an OS of 19.7 (95% CI=11.2-28.2 months).
Initial ECOG performance status, Child Pugh Score, tumor size, presence of portal vein thrombosis was found to be
significantly associated with worse OS in univariate analyses.
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Conclusion: Inflammation based scores, NLR and APRI were found to be associated with worse mOS. Larger tumor

size, older age and ECOG PS were found to be independent prognostic factors.

Keywords: Inflammation, prognosis, aspartate aminotransferase, platelet count ratio index, neutrophil lymphocyte

ratio, albumin.

Introduction

Hepatocellular carcinoma (HCC) is the third leading cause
of cancer-associated mortality (1). HCC has a rapidly
progressive course and unfavorable prognosis. Treatment
options include locally ablative therapies, surgical
resection, liver transplantation and systemic treatments,
depending on the stage of the disease. Recurrence rate is
high despite the curative therapies.

Systemic inflammatory reactions have been shown
to impact the outcome in various malignancies (2, 3). In
case of chronic inflammatory disease existing in hepatic
parenchyma, inflammation and increased hepatic
turnover may result in chronic hepatic injury, dysplasia
and fibrosis. Due to the upregulation of cytokines and
inflammatory mediators, DNA damage, angiogenesis,
and inhibition of apoptosis may lead to malignant
transformation and/or progression of HCC (4, 5).

Patient associated factors such as age, ECOG
performance score (PS), comorbid diseases, extent
and clinical reflections of chronic liver disease at the
time of diagnosis as well as disease associated factors
(stage, Barcelona Clinic Liver Classification-BCLC,
vascular invasion status, multicentricity) were related
to prognosis in previous studies (6, 7). Inflammatory
markers measured before and after treatment have been
studied to detect high risk patients for disease recurrence,
i.e,, platelet/lymphocyte ratio, neutrophil /lymphocyte
ratio (NLR), neutrophil/monocyte ratio, and aspartate
aminotransferase (AST)/platelet count ratio (APRI
score), are tests for determining prognosis. APRI score
was found to be associated with poor prognosis. However,
independent prognostic influence of inflammation on
prognosis of HCC is an area of growing interest. The
aim of the present study was to investigate the effect of

inflammatory markers on prognosis and its relations to
patient associated and disease associated prognostics.

Patients and Methods

The study included patients diagnosed with HCC
histopathologically via biopsy, or by two radiologists
using MRI imaging. Data from January 2011 to April
2018 were analyzed retrospectively. The study included
Barcelona stage A, B, C, and D patients aged 18 and
over who were unsuitable for local ablative treatments.
Patients who had undergone transplantation were
excluded. Laboratory and imaging test results were
obtained individually from our clinic’s electronic record
system. Patient characteristics (age, sex, ECOG PS, etiology
of disease, use of antiviral therapies, Child Pugh Score-
CPS atdiagnosis) and disease characteristics (tumor size,
multicentricity, portal vein thrombosis) were recorded.
Primary treatment modalities, surgery, transplantation
or usage of local ablative techniques were also recorded.
The etiology of HCC was classified according to molecular
types as proliferative group associated with hepatitis
B virus and non-proliferative group associated with
hepatitis C virus and alcohol use.

Inflammation based prognostic scores were studied.
NLR, prognostic nutritional index (PNI) and APRI score
were the main analyzed measures for prognosis. The
formulas for NLR, PNI and APRI scores are described
herein. NLR: Neutrophil count/lymphocyte count; PNI:
10x serum albumin (g/dl) + 0.005x total lymphocyte
count per mm3; APRI: (AST/upper limit normal)/
platelet count (x10%/1) x100. Hepatic transferase levels
at diagnosis were recorded and upper limit of normal for
AST and ALT was accepted as 50 [U/I according to local
laboratory calibration.
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The date of diagnosis was accepted as the index
date and all calculations were made accordingly. The
progression free survival (PFS) was calculated as the
duration from the index date until the event of first
progression or death. Disease monitoring was performed
radiologically with imaging every 3 months. Imaging was
performed following an increase in AFP levels. Based on
the imaging results, patients with progression in target
lesions and the development of new lesions according to
the RECIST criteria were considered to have progressive
disease. The median overall survival (mOS) was defined as
the duration between the index date and the time of exitus
or lost to follow-up. Inflammation related markers and
scores as well as disease and tumor related factors were
analyzed in regard to relation with OS and PFS.

The study was approved by the committee of
University of Health Sciences, Ankara Oncology Education
and Research Hospital (TUEK meeting number: 57-
04.12.2018). The principles outlined in the Declaration
of Helsinki were followed. Given the retrospective nature
of the study, written informed consent was not mandatory
according to local regulations.

Statistical analysis. This study was designed as a single
center retrospective cohort study. Data was analyzed
using the IBM Statistical Package for Social Sciences
(SPSS) v.21 (IBM Inc., Armonk, NY, USA). Safety margin
was accepted as 95% throughout the study. Receiver
operative characteristic (1) analysis depending on mOS
was used to determine the cut-off values of prognostic
scores. ROC analysis was constructed based on the
12-month OS (alive vs. deceased). Time-dependent ROC
analysis was not performed due to retrospective design.
Kaplan-Meier method was employed for survival analysis,
log-rank test for comparison in subgroups, and cox-
regression model for multivariate analysis.

Results

A total of 125 HCC patients were included. The median
age of the patients was 64 years (range=22-85), and 84%

Table I. Patient characteristics (n=125).

Characteristic

Age, mean (2), year 64 (22-85)
Male/female ratio 5.2/1
No. (%)
Stage at diagnosis
Locally advanced 87 (69.6)
Metastatic 38(30.4)
Histopathologic diagnosis 79 (63.2)
Wash-out sign in MRI 66 (52.8)
Etiopathology
HBV 74 (59.2)
HCV 9(7.2)
NASH 14 (11.2)
Alcohol induced 8(6.4)
Cryptogenic 20 (16)
ECOG Performance Status at diagnosis
ECOG 0-1 75 (60.5)
ECOG 2 34 (27.4)
ECOG 3 15(12.1)
Child Score at diagnosis
Child A 84 (67.2)
Child B 25(20)
Child C 16 (12.8)
Metastatic sites
Lung 8(6.4)
Peritoneal and abdominal LN 17 (13.6)
Suprarenal gland 4(3.2)
Skeletal 11(8.8)

MRI: Magnetic resonance imaging; HBV: Hepatitis B Virus; HCV:
Hepatitis C Virus; NASH: non-alcoholic steatohepatitis; ECOG: Eastern
Cooperative Oncology Group; LN: lymph node.

of them were males. Most of the patients were diagnosed
with HCC in the presence of chronic HBV infection (74
cases, 59.2%). ECOG PS was 1 in 60% of study population.
At least one comorbid condition was identified in 95
patients, with diabetes mellitus being the most prevalent.
Patient characteristics and the choices of treatment are
outlined in Table I.

Surgery was the main treatment in 12 cases (9.6%).
Forty-four patients received local treatment [transarterial
chemotherapy (TACE) or transarterial radioembolization
(TARE) or radiofrequency ablation (RF)]. Seventeen
patients received sorafenib. Metastatic disease was
detected in 38 cases (30.4%); distribution was as follows:
intraabdominal lymph nodes (31.5%), lung metastasis
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median OS: 11.9 months
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Figure 1. Kaplan Meier curve for overall survival (0S).

(21), and bone metastasis (15.7%). Forty-seven patients
were treated with sorafenib. Of the sorafenib received
cases, 13 were treated without preceding local ablative
treatment approaches. Best supportive care (BSC) was
the most suitable option for 32 cases (25.6%). After
failure of first line treatments, further options (n=30)
were as follows: sorafenib (n=26), capecitabine (n=1) and
systemic adriamycin (n=3).

Median OS of the study population was 11.9 months
(95% CI=7.1-16.9, Figure 1). At the time of data analysis,
87 cases had died (69.6%). One-year, 2- and 3-year OS
rates were 48.4%, 29.8% and 14.2% respectively. Local
treatment options yielded a median OS of 24.8 months
(95% CI=12.8-36.8) in intermediate BCLC stage B
patients. Patients who were suitable for at least one type
of treatment modality had better OS compared to patients
who followed with BSC (18.2 vs. 2.5 months, p<0.0001,
Figure 2). Patients who received sorafenib had an OS of
19.7 (95% CI=11.2-28.2 months). In the group of patients
to whom local ablative techniques were applied, median
0S was 31.8 months (95% CI=20.7-42.9). On the other
hand, a statistically significant difference was found for
cases who were treated with sorafenib alone (mPFS=9.5
months, 95% CI=3.2-15.8). Of note, this comparison
should be interpreted cautiously due to potential
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Figure 2. Comparison of overall survival (0S) according to treatment
eligibility.

immortal-time bias and baseline differences, as patients
receiving BSC had poorer performance status and liver
function.

Median PFS of patients treated with sorafenib was 6.4
months (95% CI=3-8.5). In patients who were treated
with local ablative approaches, sorafenib achieved a mPFS
of 6.4 months (95% Cl=2-10.8). On the contrary, patients
who did not receive any local treatment before sorafenib
had a mPFS of 5.8 months (95% Cl=2.4-9.4).

ROC analysis was used to define the cut-off values of
APRI-PNIand NLR indices; 0.63 for APRI, 44.27 for PNIand
2.6 for NLR were determined. Subsequently, univariate
analysis for the survival of patients was performed, based
on these predefined subgroups. Patients with lower APRI
scores have higher statistically significant survival rates
compared to higher scores. On the other hand, there was
a positive trend for patients with higher PNI and lower
NLR scores which did not reach a statistically significant
level (Figure 3A-C).

A weak correlation was found between Child Pugh score
and NLR (r=0.27, p=0.002). A moderate correlation was
found between Child Pugh score and PNI (r=0.4, p=0.00),
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Figure 3. Overall survival according to PNI, NLR, and APRI score. PNI: Prognostic nutritional index; NLR: neutrophil-lymphocyte ratio; APRI: aspartate

aminotransferase platelet count index.

while a weak correlation was identified between Child Pugh
score and APRI (r=0.29, p=0.001). However, when adjusted
for multivariate analysis, APRI was an independent factor.

In univariate analysis, initial ECOG PS, Child Pugh
Score, tumor size, multicentricity, and portal vein
thrombosis was found to be significantly associated with
OS. Initial tumor size (>5 cm), older age (>65 years),
ECOG PS 2-3, applicability of local treatment options,
lower NLR scores and higher APRI index were found to
be statistically significant independent prognostic factors
for OS in multivariate analysis (Table II).

Discussion

Inflammation is the key factor in the tumorigenesis and
progression of HCC. In this study, we showed that systemic
inflammatory indices (APRI, PNI and NLR) were related
with prognosis. In this patient cohort, patients with
lower APRI scores have higher statistically significant
OS rates compared to higher scores. In the present study,
NLR did not reach statistical significance in univariate
analysis or Kaplan-Meier comparison. However, after
adjustment for key clinical and tumor-related variables
in the multivariate Cox regression model, NLR emerged
as an independent prognostic factor for mOS. This finding

indicates that the prognostic effect of NLR may be masked
by confounding factors such as performance status, tumor
burden, and treatment modality in unadjusted analyses,
and becomes evident only after multivariable adjustment.

In previous studies, antiviral therapy has been shown
to possibly contribute to the liver healing process,
sustaining liver function and reserve, and improve
prognosis in HCC (8). Kuang et al. supported this
hypothesis via demonstrating increased neutrophils in
the peritumoral stroma (9). Besides that, in the previous
trials, increased NLR was associated with worse prognosis
in patients who had undergone TACE, RFA, transplantation
and surgical resection (10-13).

This study has important and different details and
end points. Our patient cohort was heterogeneous, with
a variety of treatment modalities applied. In addition,
the APRI score which had been previously studied in the
staging of liver fibrosis and NLR index was analyzed within
the same population. Median OS of the study population
was 11.9 months; 1-, 2- and 3-year OS rates were 48.4%,
29.8% and 14.2%, respectively. Local treatment options
yielded a median OS of 24.8 months (95% CI=12.8-36.8)
in intermediate stage HCC. Patients who were suitable
for at least one type of treatment modality had better OS
compared to patients who followed with BSC.
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Table I1. Independent prognostic factors of overall survival.

Characteristic Value (n/%) Univariate analyses Multivariate analyses
Survival (mo.) p-Value HR (95% CI) p-Value

Age,y

<65y 45 (36) 9.2 0.065

>65y 80 (64) 16.1 0.4 (0.2-0.8) 0.008
ECOG Performance Status

ECOG 0-1 76 (60.8) 18.8 0.0001

ECOG 2-3 49 (39.2) 6.9 3.2(1.4-6.9) 0.004
Child Pugh Score at diagnosis

Child A 80 (67.7) 16.1 0.002

Child B 22 (18.6) 7 0.7 (0.3-1.9) 0.52
Child C 16 (13.5) 2.5 0.5(0.1-1.8)
Tumor size (Initial status)

<5cm 45 (36) 22.1 0.0001

>5cm 80 (64) 8.4 3.2 (1.5-6.8) 0.003
Portal vein thrombosis

Absent 80 (65) 18.5 0.0001 Ref.

Present 43 (34.4) 5.8 0.8 (0.4-1.8) 0.5
Primary modality of treatment

Local treatment options (TACE/TARE/RFA) 44 (35.2) 29.9 0.0001

Sorafenib 17 (13.6) 7.7 3.8(1.1-13.8) 0.01
BSC 42 (33.6) 2.9 4.4 (1.3-15)

Systemic Adriamycin 10(8) 18.8 1.6 (0.4-6.3)

Surgery 12 (9.6) 19.7 1.3 (0.4-4.5)

NLR

<2.6 35(28) 14.9 0.59

>2.6 90 (72) 10.7 3.1(1.3-7.6) 0.01
PNI

>44.27 31(24.8) 16.2 0.35

<4427 94 (75.2) 9.3 1.4 (0.5-4.1) 0.54
APRI 0.01

<0.63 38(30.4) 18.8

>0.63 87 (69.6) 9.2 4.2 (1.4-12.6) 0.01

Not all case data are available. HBV: Hepatitis B Virus; HCV: Hepatitis C Virus; ECOG: Eastern Cooperative Oncology Group; TACE: transarterial
chemoembolization; TARE: transarterial radioembolization; RFA: radiofrequency ablation; NLR: neutrophil-lymphocyte ratio; PNI: prognostic
nutritional index; APRI: aspartate aminotransferase platelet count index. Statistically significant p-values are shown in bold.

In this study, the cut-off value was determined by ROC
analysis and the values of 2.6, 0.63 and 44.27 were found for
NLR, APRI and PN], respectively. For these indices, a constant
cut-off value cannot be assigned due to different reference
values in different centers and different study populations.
Tumor size, multiplicity, invasion status and grade of HCC
were found to be associated with increased NLR (15).

NLR is a biochemical marker that shows inflammation
and is thought to have a potential role in cancer progression
(16).Increased NLR in many solid tumors has been found to

be a negative prognostic factor for survival. NLR was found
to be associated with HCC recurrence and overall poor
long-term survival (17). Increased NLR level has also been
associated with an aggressive tumor phenotype. A meta-
analysis of 20,475 patients and a systematic review showed
that overall HCC patients with lower baseline NLR had
better survival (HR=1.80; 95% CI=1.59-2.04; p<0.00001)
and recurrence-free or disease-free survival (HR=2.23;95%
CI=1.80-2.76; p<0.00001) (18). Increased infiltration of
tumor-associated macrophages by the formation ofimmune
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microenvironment and cytokine release causes tumor
vascular invasion; the host immunity is suppressed, and
this leads to tumor progression. Additionally, preoperative
NLR was found to be associated with worse survival, and
this negative association was not found to be associated
with treatment modalities (19). In our study, patients with
lower NLR had better survival compared to those with
higher NLR (14.9 vs. 10.7 months, p=0.01). The mechanism
of this association is not well understood. Increased NLR may
lead to relatively low levels of lymphocytes and decreased
immunity against tumoral tissue (20). In recent years, in
order to avoid an invasive biopsy approach, APRI index was
proposed to assess the hepatic reserve and prognosis in
chronicliver diseases (21, 22).

Advanced stage liver injury is associated with
mitochondrial injury and increased AST levels. In liver
fibrosis and cirrhosis, the clearance of AST also decreases,
which further elevates the plasma levels of AST and APRI
scores. Hung et al. demonstrated the degree of hepatic
fibrosis and recurrence of HCC (23). In this patient
cohort, 30.4% of patients with the lowest APRI score had
amedian OS of 18.8 months, whereas patients with higher
APRI scores (69.6%) had 9.2 months (p=0.01). Shen et al
demonstrated the negative prognostic relation between
the preoperative APRI score and HCC (24). Similarly, in
surgically resected HCC cases and for patients treated
with RFA, APRI was found to be prognostic (24). In
relation to the etiopathogenetic mechanism of HCC, in
patients with NASH and HBV, APRI was shown to be
beneficial for HCC risk (25). Ballester MP et al. evaluated
the real-world efficacy and safety of atezolizumab plus
bevacizumab over a two-year period in patients with HCC
and demonstrated that the ALBI score is an important
tool for detecting changes in liver function and guiding
treatment selection (26). Inflammatory markers can
provide prognostic information in patients receiving local
therapies. In this context, Hashimoto et al. demonstrated
that the HALP score, incorporating hemoglobin, albumin,
lymphocyte, and platelet counts, serves as a simple and
inexpensive predictor of prognosis after hepatectomy in
hepatocellular carcinoma (27).

Combination therapies incorporating immune
checkpoint inhibitors have become the standard of care
for advanced hepatocellular carcinoma (HCC). In this
context, inflammatory markers are considered important
for predicting both treatment efficacy and immune-related
adverse events. Ishikawa et al. demonstrated that continued
treatment with durvalumab and tremelimumab may be
effective in patients with HCC who show improvement in
NLR following locoregional therapy (28).

In addition, Kuwano et al. demonstrated that a NLR
<2.04 at three weeks after treatment initiation may
serve as an important biomarker for predicting immune-
related adverse events in patients with HCC treated with
atezolizumab plus bevacizumab (29).

PNI which is related to the lymphocyte count and
serum albumin levels, is a marker related to the systemic
inflammatory response. In a meta-analysis, Wang et al.
demonstrated a negative association between the low
PNI and survival rates (30). Low PNI may be the result
of hypoalbuminemia and lymphopenia. In HCC, in the
cirrhotic hepatic parenchyma, synthetic functions of the
liver diminish and serum albumin concentration decreases.
Both the decrease in albumin levels and lymphopenia are
associated with a worse prognosis due to malfunction of
the immune system (31). Alternatively, serum albumin
concentration may decrease due to malnutrition, or as a
negative serum inflammation marker which is commonly
observed in extensive stage malignancies, especially
in HCC. In parallel to these hypotheses, our results also
demonstrated that lower PNI levels had a negative trend
for prognosis (9.3 vs. 16.2 months, p=0.35). Although
our results were clinically relevant, the lack of statistical
significance may be related to the heterogenous patient
population (various stages of disease), diverse treatment
approaches and small sample size. Patients with Child-
Pugh class A liver function are preferentially evaluated in
clinical studies because they are candidates for systemic
therapy. However, in Child-Pugh class B patients, HCC
prognosis is strongly influenced by hepatic reserve,
highlighting the need for further research to establish
optimal therapeutic approaches (32).

389



CANCER DIAGNOSIS & PROGNOSIS 6: 383-392 (2026)

Study limitations. The retrospective design may introduce
data collection bias, while potential confounding from
inflammatory or infectious conditions and the absence
of prospective evaluation limit a deeper understanding
of the relationship between inflammation and HCC
prognosis. The single-center patient cohort limited the
size of the study population. On the other hand, 4 different
scoring systems were analyzed in parallel with each other
in the same patient cohort, which helped to eliminate
biases and may give an answer to the clinical implication
of inflammation in the molecular level.

Conclusion

In conclusion, with different etiologies related to hepatic
injury, inflammation-based indices like APRI score, NLR
and PNI may have arole in clinical follow-up, in treatment
selection and determining prognosis. The results of our
study provide important information contributing to
understanding the predictive and prognostic factors of
HCC. Further studies with prospective design, including
serum inflammatory biomarker tests, are needed to prove
the role of inflammation in HCC.
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