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Abstract: Background and Aims: Hepatocellular cancer (HCC) often occurs in geriatric patients. The
aim of our study was to compare overall survival and progression-free survival between geriatric
patients (>75 years) and patients younger than 75 years and to identify predictive factors of survival
in geriatric patients with HCC. Material and Methods: We performed a retrospective analysis of
patients with HCC diagnosed in Slovakia between 2010–2016. Cases (HCC patients ≥75 years)
were matched to controls (HCC patients <74 years) based on the propensity score (gender, BCLC
stage and the first-line treatment). Results: We included 148 patients (84 men, 57%) with HCC.
There were no differences between cases and controls in the baseline characteristics. The overall
survival in geriatric patients with HCC was comparable to younger controls (p = 0.42). The one-,
two-, and three-year overall survival was 42% and 31%, 19% and 12%, and 12% and 9% in geriatric
patients and controls, respectively (p = 0.2, 0.4, 0.8). Similarly, there was no difference in the one-
and two-year progression-free survival: 28% and 18% vs. 10% and 7% in geriatric HCC patients and
controls, respectively (p = 0.2, 1, -). There was no case–control difference between geriatric HCC
patients and younger HCC controls in the overall survival in the subpopulation of patients with no
known comorbidities (p = 0.5), one and two comorbidities (p = 0.49), and three or more comorbidities
(p = 0.39). Log (CRP), log (NLR), log (PLR), and log (SII) were all associated with the three-year
survival in geriatric HCC patients in simple logistic regression analyses. However, this time, only
log (NLR) remained associated even after controlling for the age and BCLC confounding (OR 5.32,
95% CI 1.43–28.85). Conclusions. We found no differences in overall survival and progression-free
survival between older and younger HCC patients. Parameters of subclinical inflammation predict
prognosis in geriatric patients with HCC. A limitation of the study is small number of the treated
patients; therefore, further investigation is warranted.
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1. Introduction

Liver cancer was the sixth most frequently diagnosed cancer and the third most
common cause of cancer death worldwide in 2020. Incidence and mortality rates are
2–3 times greater in the male population, and the incidence rates are highest mainly in
transitioning countries. Among all histological subtypes, hepatocellular carcinoma (HCC)
represents 75–85% of all diagnosed cases. Most hepatocellular cancer cases are attributed
to chronic liver disease resulting from hepatitis B virus (HBV) or hepatitis C virus (HCV)
infection, alcohol abuse, non-alcoholic fatty liver disease (NAFLD), aflatoxin-contaminated
food intake, and smoking. All of these risk factors vary by region [1].

Barcelona Clinic Liver Cancer is the most widely accepted staging system for providing
prognostic information and guidance in therapeutic strategy for patients with HCC. (BCLC)
According to the European Association for the Study of the Liver (EASL), the European
Society for Medical Oncology (ESMO), the American Association for the study of the
Liver Diseases (AASLD), and the American Society of Clinical Oncology (ASCO), curative
treatment (including resection, transplantation, and radiofrequency ablation) is indicated
for patients in stage BCLC 0 and A, palliative treatment (transarterial chemoembolization
and systemic treatment with biological treatment and/or immunotherapy) is recommended
for patients with stages BCLC B and C, and the best supportive care is reserved for subjects
in stage BCLC D [2–5].

Data from developed countries (the UK, the USA, Canada, and Taiwan) show a trend
of increasing incidence in the elderly population [6,7].

In addition, inflammatory responses have recently been shown to influence tumor
prognosis by interfering with the tumor microenvironment [8]. Many studies show a
negative impact of increased inflammatory indexes such as the neutrophil to lymphocyte
ratio (NLR), platelet to lymphocyte ratio (PLR), and systemic immune-inflammation index
(SII) on overall survival of treated patients with HCC [9–14].

The aim of our presented study was to compare overall survival in both age groups (el-
derly and younger patients) and to investigate the influence of inflammatory markers (CRP
level, NLR, PLR, and SII), ALBI score, and number of comorbidities on survival parameters.

2. Materials and Methods

We performed a multicenter retrospective longitudinal case–control study of patients
diagnosed with HCC at eight specialized centers in Slovakia during the period from 2010
to 2016 (Banska Bystrica, Bratislava (2), Kosice (2), Michalovce, Nitra, and Poprad). The
inclusion criterion was the diagnosis of HCC consistent with the EASL-EORTC guidelines
(HCC confirmed by either histopathological examination or magnetic resonance imaging).
Patients with uncertain histology, combined histology with cholangiocellular carcinoma, or
any concurrent malignancy were excluded from the study.

Initially, we screened all patients diagnosed with a malignant neoplasm of the liver
and intrahepatic bile ducts (ICD-10 cm C22) and identified 483 patients with a diagnosis of
hepatocellular carcinoma (ICD-10 cm C22.0). Among these subjects, we identified 74 cases
aged 75 and older at the time of hepatocellular carcinoma presentation.

The Child–Pugh score was calculated to estimate cirrhosis severity, and performance
status was evaluated using the Eastern Cooperative Oncology Group Scale. CT scans
of the thorax, abdomen, and pelvis were used to identify potential extrahepatic spread.
All centers used the Barcelona Clinic Liver Cancer (BCLC) staging system to guide the
management of patients.

Case report forms (CRFs) included baseline blood test results, which were also later
used to calculate the neutrophil-to-lymphocyte ratio (NLR) [15], the platelet-to-lymphocyte
ratio (PLR) [16], systemic immune-inflammation index (SII) [17], the model for end-stage
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liver disease score (MELD) [18], and the albumin–bilirubin grade (ALBI) [19]. If any condi-
tion that could have influenced baseline values was present (acute infection, corticosteroid
treatment, etc.), repeated analyses were performed after the restoration of that condition.
The CRFs also included the date of death, extracted either from the patients’ medical
records or from the database of the Slovak Health Care Surveillance Authority.

Comorbidities of interest included cardiovascular diseases (arterial hypertension, con-
gestive heart failure, arterial fibrillation, ischemic heart disease, valve disorders) chronic kid-
ney disease, chronic pulmonary diseases (chronic pulmonary obstructive disease, bronchial
asthma, interstitial lung fibrosis), endocrine disorders (diabetes mellitus-including long-
term related complications, hypothyroidism), gastroenterological disorders (inflammatory
bowel disease, chronic pancreatitis, esophageal varices), and neurological disorders (pe-
ripheral exotoxic neuropathy and Parkinson’s disease), and were collected from CRFs’
medical history at the time of first presentation of hepatocellular carcinoma.

The study protocol was in accordance with the 1964 Declaration of Helsinki, its later
amendments, and the principles of good clinical practice. The study protocol was approved
by the Ethics Committee of East Slovakia Oncological Institute on 27 May 2021 (approval
code, EK/2/05/2021). The committee waived the need for the patients’ informed consent
due to the retrospective nature of the data collection and analysis and publication of only
anonymous data.

3. Statistical Analyses

Data are presented as absolute counts and frequencies and medians and interquartile
ranges (IQR). A Kaplan–Meier plot was used to describe the survival data graphically. The
significance of differences in data distribution was tested using the Wilcoxon rank-sum
test, Pearson’s Chi-squared test, Fisher’s exact test, or Log-rank test as appropriate. Simple
logistic regression analyses were performed to analyze the association of baseline factors
and the survival of patients, and multiple logistic regression analyses were later used to
control for confounding effects of particular variables.

4. Results

The analyses included 148 patients (84 men, 57%) with HCC. Controls (<75 years)
were matched to cases (≥75 years) according to gender, BCLC stage, and the first-line
treatment (see Figure 1).

J. Clin. Med. 2022, 11, x FOR PEER REVIEW 3 of 11 
 

 

Case report forms (CRFs) included baseline blood test results, which were also later 

used to calculate the neutrophil-to-lymphocyte ratio (NLR) [15], the platelet-to-lympho-

cyte ratio (PLR) [16], systemic immune-inflammation index (SII) [17], the model for end-

stage liver disease score (MELD) [18], and the albumin–bilirubin grade (ALBI) [19]. If any 

condition that could have influenced baseline values was present (acute infection, corti-

costeroid treatment, etc.), repeated analyses were performed after the restoration of that 

condition. The CRFs also included the date of death, extracted either from the patients’ 

medical records or from the database of the Slovak Health Care Surveillance Authority. 

Comorbidities of interest included cardiovascular diseases (arterial hypertension, 

congestive heart failure, arterial fibrillation, ischemic heart disease, valve disorders) 

chronic kidney disease, chronic pulmonary diseases (chronic pulmonary obstructive dis-

ease, bronchial asthma, interstitial lung fibrosis), endocrine disorders (diabetes mellitus-

including long-term related complications, hypothyroidism), gastroenterological disor-

ders (inflammatory bowel disease, chronic pancreatitis, esophageal varices), and neurological 

disorders (peripheral exotoxic neuropathy and Parkinson’s disease), and were collected from 

CRFs’ medical history at the time of first presentation of hepatocellular carcinoma. 

The study protocol was in accordance with the 1964 Declaration of Helsinki, its later 

amendments, and the principles of good clinical practice. The study protocol was ap-

proved by the Ethics Committee of East Slovakia Oncological Institute on 27 May 2021 

(approval code, EK/2/05/2021). The committee waived the need for the patients’ informed 

consent due to the retrospective nature of the data collection and analysis and publication 

of only anonymous data. 

3. Statistical Analyses 

Data are presented as absolute counts and frequencies and medians and interquartile 

ranges (IQR). A Kaplan–Meier plot was used to describe the survival data graphically. 

The significance of differences in data distribution was tested using the Wilcoxon rank-

sum test, Pearson’s Chi-squared test, Fisher’s exact test, or Log-rank test as appropriate. 

Simple logistic regression analyses were performed to analyze the association of baseline 

factors and the survival of patients, and multiple logistic regression analyses were later 

used to control for confounding effects of particular variables. 

4. Results 

The analyses included 148 patients (84 men, 57%) with HCC. Controls (<75 years) 

were matched to cases (≥75 years) according to gender, BCLC stage, and the first-line 

treatment (see Figure 1). 

 

Figure 1. Flowchart.



J. Clin. Med. 2022, 11, 4183 4 of 11

There were no differences between cases and controls in these examples, and no other
baseline characteristics (Table 1).

Table 1. Clinical and demographic characteristics of the HCC cohort.

Overall, n = 148 1 <75 years, n = 74 1 ≥75 years, n = 74 1 p-Value 2

Age 74 (65, 78) 64 (61, 69) 78 (76, 82) <0.001
Sex (male) 84 (57%) 42 (57%) 42 (57%) >0.9
Etiology (the most common) 0.2
HCV 24 (16%) 15 (20%) 9 (12%)
ALD 54 (36%) 29 (39%) 25 (34%)
NAFLD 25 (17%) 12 (16%) 13 (18%)
BCLC stage >0.9
0-A 16 (11%) 8 (11%) 8 (11%)
B 35 (24%) 18 (24%) 18 (24%)
C 62 (42%) 31 (42%) 31 (42%)
D 35 (24%) 17 (23%) 17 (23%)
Child–Pugh >0.9
A 70 (49%) 34 (48%) 36 (50%)
B 61 (43%) 31 (44%) 30 (42%)
C 12 (8.4%) 6 (8.5%) 6 (8.3%)
MELD 6.26 (5.94, 6.64) 6.25 (5.92, 6.57) 6.30 (6.06, 6.75) 0.2
Number of lesions 1.00 (1.00, 4.00) 1.00 (1.00, 4.00) 1.00 (1.00, 4.00) 0.7
Diameter of the largest lesion 62 (35, 94) 56 (32, 92) 65 (40, 100) 0.2
AFP 27 (6, 1105) 21 (7, 589) 46 (6, 1624) 0.8
CRP 12 (4, 42) 12 (4, 60) 14 (3, 37) 0.3
NLR 3.6 (2.4, 5.7) 3.8 (2.4, 6.6) 3.5 (2.5, 5.4) 0.6
PLR 159 (102, 223) 159 (95, 223) 158 (109, 221) >0.9
SII 641 (312, 1318) 529 (301, 1399) 682 (464, 1308) 0.4
ALBI −1.90 (−2.39, −1.36) −1.90 (−2.38, −1.31) −1.90 (−2.47, −1.46) 0.7
Albumin 33 (28, 38) 33 (28, 38) 34 (28, 38) 0.7
Creatinine 81 (71, 105) 78 (69, 97) 87 (71, 112) 0.08
Total bilirubin 22 (14, 35) 22 (15, 38) 22 (13, 32) 0.5
Alanine aminotransferase 0.68 (0.47, 1.15) 0.68 (0.46, 1.10) 0.70 (0.48, 1.23) 0.6
Aspartate aminotransferase 1.07 (0.62, 2.05) 1.06 (0.69, 2.00) 1.07 (0.59, 2.14) 0.6
Gamma-glutamyl transferase 2.5 (1.3, 4.7) 2.4 (1.4, 4.7) 2.7 (1.2, 4.7) 0.5
Alkaline phosphatase 2.17 (1.72, 4.06) 2.35 (1.77, 4.23) 2.16 (1.65, 3.73) 0.3
First-line treatment 0.9
Resection 10 (6.8%) 5 (6.8%) 5 (6.8%)
Radiofrequency ablation 2 (1.4%) 1 (1.4%) 1 (1.4%)
Transarterial chemoembolization 32 (22%) 16 (22%) 16 (22%)
Sorafenib 49 (33%) 25 (34%) 25 (34%)
Best supportive care 53 (36%) 26 (35%) 26 (35%)
Liver transplantation 2 (1.4%) 1 (1.4%) 1 (1.4%)
ECOG Performance Status 0.5
0 5 (3.4%) 4 (5.4%) 1 (1.4%)
1 106 (72%) 52 (70%) 54 (73%)
2 37 (25%) 18 (24%) 19 (26%)

1 Median (IQR); n (%). 2 Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test. HCV—hepatitis
C virus, ALD—alcoholic liver disease, NAFLD—non-alcoholic fatty liver disease, BCLC—Barcelona Clinic Liver
cancer, MELD—Model for End-Stage Liver Disease, AFP—Alpha-Fetoprotein, CRP—C-reactive protein, NLR—
Neutrophil-to-lymphocyte ratio, PLR—platelet-to-lymphocyte ratio, SII—systemic immune-inflammation index,
ALBI—albumin-bilirubin ratio, ECOG—Eastern Cooperative Oncology Group.

The overall survival in cases was comparable to controls (p = 0.42, Figure 2). The one-,
two-, and three-year overall survival was 42% and 31%, 19% and 12%, and 12% and 9% in
cases and controls, respectively (p = 0.2, 0.4, 0.8). Similarly, there was no difference in the
one- and two-year progression-free survival: 28% and 18% vs. 10% and 7% in cases and
controls, respectively (p = 0.2, 1).
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Figure 2. The overall survival of patients with HCC.

There were several factors associated with the one- and two-year survival in geri-
atric patients with HCC: log (CRP), log (NLR), log (PLR), log (SII), and ALBI 3; although
after controlling for the age and BCLC confounding, neither association remained signif-
icant. Similarly, in simple logistic regression analyses, log (CRP), log (NLR), log (PLR),
and log (SII) were all associated with the three-year survival. However, this time, log
(NLR) remained associated even after controlling for the age and BCLC confounding (OR
5.32, 95% CI 1.43–28.85). Complete results of regression analyses are presented in the
Supplementary Material.

Finally, there was no case–control difference in the overall survival in the subpopula-
tion of patients with no known comorbidities (p = 0.5), one and two comorbidities (p = 0.49),
and three or more comorbidities (p = 0.39) (Figures 3–5).
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5. Discussion

Hepatocellular carcinoma belongs to the group of malignant diseases of the gastroin-
testinal tract with increasing morbidity and mortality. With increasing numbers of cases
mainly recorded in developed countries (the USA, Canada, the UK, and Taiwan) there is
also an increase in the group of patients of geriatric age.

The definition of a geriatric patient is considered an issue in itself. Currently, the
generally accepted age threshold over 65 years is already being shifted in practice to over
70 and 75 years [20–26].

Despite the gradually increasing age, the evidence of treatment efficacy remains at
quite a low level due to its rare inclusion in clinical trials [27]. Geriatric patients have a
higher number of comorbidities compared to the younger population. These comorbidities
may limit the indication of anticancer treatment and its efficacy. Older patients more often
report complications after interventions and surgical procedures and complications of
anticancer therapy.

At geriatric age, the most impaired function is in the liver. Due to aging, the volume
of liver parenchyma shrinks by 20–40%, the blood flow is reduced by 35–50%, and enzy-
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matic activity of hepatocytes and cells of the immune system, especially dendritic cells,
decreases [28].

Generally, these patients are considered fragile due to their comorbidities and impaired
drug metabolism. Nevertheless, the data documenting efficacy and safety in this therapeutic
subgroup are quite limited, and the current guidelines do not recommend any change in
the therapeutic strategy. [29].

The aim of our study was to compare the outcomes of a heterogeneous group of
geriatric patients with the control group. The results of overall survival and progression-
free survival were comparable in patients of both age subgroups at the same BCLC stage,
performance status, and identical treatment modality. This conclusion is supported by the
results published in the study with an identical age cut-off for performing resection [30,31],
radiofrequency ablation [32,33], transarterial chemoembolization [24,34,35], and use of
sorafenib [36–38], lenvatinib [39], and ramucirumab [40]. Likewise, several studies did not
show the difference in recurrence-free survival when performing resection [30,41], wors-
ened recurrence rate when performing RFA [33], or progression-free survival in systemic
therapy [37,39].

An important role in the process of carcinogenesis is also played by a chronic, subclin-
ical, ongoing inflammation in the tumor microenvironment, which represents a dynamic
component that promotes tumor growth, proliferation, neoangiogenesis, and metastatic
spread [42]. A key role in suppressing the cellular response is played by tissue macrophages
(Kupffer cells), monocyte-derived macrophages, regulatory T cells (Treg), and monocyte-
derived tumor-associated macrophages (TAMs). Macrophage components polarized into
the M2 phenotypic form produce IL-10 and TGF-β, and chemokines promote chemotaxis
of Tregs and ineffective Th2 cell response, promoting neoangiogenesis and tissue remodala-
tion via production of VEGF and EGF. Via PD-L1 expression, they disable the effector phase
CD8+ of T-cell immune response and reduce the expression of MHC glycoproteins class
II molecules, producing IL17, which leads to an increase in the neutrophil count in the
peripheral blood [43,44].

An important role in the tumor microenvironment is held by platelets, which, by pro-
ducing PDGF, may directly promote the growth of the tumor tissue; moreover, they produce
a chain of proinflammatory cytokines (P-selectin, lL-1, IL-3, IL-3) and anti-inflammatory
factors (TGF-β) [45]. The production of TGF-β leads to significant immunosuppression
and a reduced lymphocyte count [46].

NLR, PLR, and SII have been described as effectively independent factors of overall
survival in geriatric patients with high-grade gliomas [47], non-small cell lung cancer [48],
esophageal cancer [49], gastric cancer [50,51], and glioblastoma [52]. There are only pub-
lished results providing data of elderly patients with HCC. In our study, NLR and SII
indexes have been evaluated as statistically significant predictors of 3-year survival after
controlling for the influence of age and BCLC, while none of them were significant in
evaluating 1- to 2-year survival. These data are in contrast with the results of Li et al. (2018),
who evaluated SII as an effective predictor of 1-year survival in patients over 75 years of
age; however, these data have purposely monitored the geriatric population and showed
significant heterogeneity, considering miscellaneous histological subtypes [10]. According
to the data presented by Zaour et al. (2019), the elevated values of AFP, NLR, and PLR
were associated with higher mortality in geriatric patients with HCC who underwent
resection [53]. On the other hand, PLR values are not associated with overall survival in
some malignancies; for instance, pancreatic cancer [54].

Another discussed topic in the treatment of geriatric patients is the impact of comor-
bidities on patients’ overall survival. A higher number of comorbidities in geriatric patients
is linked to poorer survival in geriatric patients with head and neck cancers [55]; they reduce
the number of patients on adjuvant therapy in the treatment of colorectal cancer [56] and
increase the number of deaths in patients with breast cancer in stage I.–III. [57]. In the case
of hepatocellular carcinoma, the presence of cardiovascular and respiratory tract diseases
worsens the overall survival of patients who have undergone curative RFA treatment [26].
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The outcomes of our study point out comparable overall survival and progression-free
survival in patients 75 years or older in comparison with a younger age group. The overall
survival in our study population has not been affected by the number of comorbidities in
the semi-quantitative division into three groups.

The results of our study were limited by the low number of included patients and the
retrospective character of the study. Another limitation of the study is the heterogeneous
etiology of the primary liver disease and different stages of HCC according to BCLC criteria
in both geriatric and younger patients. Considering the retrospective study design, we
were unable to compare the incidence of treatment side effects in both groups of patients
with HCC.

6. Conclusions

In our study, we found that patients older than 75 years with HCC have overall
survival and progression-free survival comparable to younger patients matched in age,
BCLC stage, and first-line treatment. In patients older than 75 years, the NLR value was
an independent predictor of 3-year survival. These findings allow us to state that geriatric
patients at risk of developing HCC should have the same surveillance program as younger
patients. In indicating the anticancer treatment, age should not be considered a limitation,
but in treatment, it is necessary to take comorbidities into account. Furthermore, the
treatment should be adequately monitored, focusing on the incidence of the adverse events.
Due to the small number of treated geriatric HCC patients, further studies confirming our
results are required.
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Author Contributions: Conceptualization, D.S., S.D. and P.J.; data curation, D.S., S.A.-S., R.B.,
M.M., M.R., L.S. and M.Z.; formal analysis, D.S., J.G., M.J. and P.J.; investigation, D.S. and S.D.;
methodology, J.G., M.J. and P.J.; project administration, S.D. and P.J.; supervision, D.S., I.A., M.J. and
P.J.; visualization, J.G. and M.J.; writing—original draft, D.S., S.D., J.G., M.J., L.B. and P.J.; writing—
review and editing, D.S., S.D., M.J., L.B. and P.J. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study protocol was in accordance with the 1964 Dec-
laration of Helsinki, its later amendments, and the principles of good clinical practice. The study
protocol was approved by the Ethics Committee of East Slovakia Oncological Institute on 27 May
2021 (approval code, EK/2/05/2021).

Informed Consent Statement: Patients’ consent was waived due to the retrospective nature of the
data collection.

Data Availability Statement: The data used to support the findings of this study are available from
the corresponding author upon request.

Conflicts of Interest: The authors declare that they have no conflicts of interest.

https://www.mdpi.com/article/10.3390/jcm11144183/s1


J. Clin. Med. 2022, 11, 4183 9 of 11

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global cancer statistics 2020: Globocan

estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
[PubMed]

2. Galle, P.R.; Forner, A.; Llovet, J.M.; Mazzaferro, V.; Piscaglia, F.; Raoul, J.-L.; Schirmacher, P.; Vilgrain, V. Easl clinical practice
guidelines: Management of hepatocellular carcinoma. J. Hepatol. 2018, 69, 182–236. [CrossRef] [PubMed]

3. Gordan, J.D.; Kennedy, E.B.; Abou-Alfa, G.K.; Beg, M.S.; Brower, S.T.; Gade, T.P.; Goff, L.; Gupta, S.; Guy, J.; Harris, W.P.; et al.
Systemic therapy for advanced hepatocellular carcinoma: Asco guideline. J. Clin. Oncol. 2020, 38, 4317–4345. [CrossRef] [PubMed]

4. Marrero, J.A.; Kulik, L.M.; Sirlin, C.B.; Zhu, A.X.; Finn, R.S.; Abecassis, M.M.; Roberts, L.R.; Heimbach, J.K. Diagnosis, staging,
and management of hepatocellular carcinoma: 2018 practice guidance by the american association for the study of liver diseases.
Clin. Liver Dis. 2019, 13, 1. [CrossRef]

5. Vogel, A.; Cervantes, A.; Chau, I.; Daniele, B.; Llovet, J.M.; Meyer, T.; Nault, J.C.; Neumann, U.; Ricke, J.; Sangro, B.; et al. Hepato-
cellular carcinoma: Esmo clinical practice guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2018, 29, iv238–iv255.
[CrossRef]

6. El–Serag, H.B.; Rudolph, K.L. Hepatocellular carcinoma: Epidemiology and molecular carcinogenesis. Gastroenterology 2007,
132, 2557–2576. [CrossRef]

7. Hung, G.-Y.; Horng, J.-L.; Yen, H.-J.; Lee, C.-Y.; Lin, L.-Y. Changing incidence patterns of hepatocellular carcinoma among age
groups in taiwan. J. Hepatol. 2015, 63, 1390–1396. [CrossRef]

8. Li, L.; Yu, R.; Cai, T.; Chen, Z.; Lan, M.; Zou, T.; Wang, B.; Wang, Q.; Zhao, Y.; Cai, Y. Effects of immune cells and cytokines on
inflammation and immunosuppression in the tumor microenvironment. Int. Immunopharmacol. 2020, 88, 106939. [CrossRef]

9. Hu, B.; Yang, X.-R.; Xu, Y.; Sun, Y.-F.; Sun, C.; Guo, W.; Zhang, X.; Wang, W.-M.; Qiu, S.-J.; Zhou, J.; et al. Systemic immune-
inflammation index predicts prognosis of patients after curative resection for hepatocellular carcinoma. Clin. Cancer Res. 2014,
20, 6212–6222. [CrossRef]

10. Li, X.; Tan, W.; Sun, W.; Zhao, L.; Wang, C.; Zang, A.; Kong, X. Preablation neutrophil-to-lymphocyte ratio as an independent
prognostic factor in locally advanced hepatocellular carcinoma patients following radiofrequency ablation. J. Cancer Res. Ther.
2018, 14, 84. [CrossRef]

11. Otsuka, M.; Li, S.; Feng, X.; Cao, G.; Wang, Q.; Wang, L. Prognostic significance of inflammatory indices in hepatocellular
carcinoma treated with transarterial chemoembolization: A systematic review and meta-analysis. PLoS ONE 2020, 15, e0230879.

12. Shen, Y.; Wang, H.; Chen, X.; Li, W.; Chen, J. Prognostic significance of lymphocyte-to-monocyte ratio and platelet-to-lymphocyte
ratio in patients with hepatocellular carcinoma undergoing transcatheter arterial chemoembolization and radiofrequency ablation.
OncoTargets Ther. 2019, 12, 7129–7137. [CrossRef]

13. Wang, D.; Bai, N.; Hu, X.; OuYang, X.W.; Yao, L.; Tao, Y.; Wang, Z. Preoperative inflammatory markers of nlr and plr as indicators
of poor prognosis in resectable hcc. PeerJ 2019, 7, e7132. [CrossRef]

14. Xin, Y.; Yang, Y.; Liu, N.; Chen, Y.; Wang, Y.; Zhang, X.; Li, X.; Zhou, X. Prognostic significance of systemic immune-inflammation
index- based nomogram for early stage hepatocellular carcinoma after radiofrequency ablation. J. Gastrointest. Oncol. 2021,
12, 735–750. [CrossRef]

15. Zahorec, R. Ratio of neutrophil to lymphocyte counts–rapid and simple parameter of systemic inflammation and stress in critically
ill. Bratisl. Lek. Listy 2001, 102, 5–14.

16. Li, X.; Chen, Z.-H.; Xing, Y.-F.; Wang, T.-T.; Wu, D.-H.; Wen, J.-Y.; Chen, J.; Lin, Q.; Dong, M.; Wei, L.; et al. Platelet-to-lymphocyte
ratio acts as a prognostic factor for patients with advanced hepatocellular carcinoma. Tumor Biol. 2014, 36, 2263–2269. [CrossRef]

17. Ding, P.A.; Yang, P.; Sun, C.; Tian, Y.; Guo, H.; Liu, Y.; Li, Y.; Zhao, Q. Predictive effect of systemic immune-inflammation index
combined with prognostic nutrition index score on efficacy and prognosis of neoadjuvant intraperitoneal and systemic paclitaxel
combined with apatinib conversion therapy in gastric cancer patients with positive peritoneal lavage cytology: A prospective
study. Front. Oncol. 2022, 11, 791912.

18. Malinchoc, M.; Kamath, P.S.; Gordon, F.D.; Peine, C.J.; Rank, J.; ter Borg, P.C.J. A model to predict poor survival in patients
undergoing transjugular intrahepatic portosystemic shunts. Hepatology 2000, 31, 864–871. [CrossRef]

19. Johnson, P.J.; Berhane, S.; Kagebayashi, C.; Satomura, S.; Teng, M.; Reeves, H.L.; O’Beirne, J.; Fox, R.; Skowronska, A.; Palmer, D.;
et al. Assessment of liver function in patients with hepatocellular carcinoma: A new evidence-based approach—the albi grade.
J. Clin. Oncol. 2015, 33, 550–558. [CrossRef]

20. Di Costanzo, G.G.; Tortora, R.; De Luca, M.; Galeota Lanza, A.; Lampasi, F.; Tartaglione, M.T.; Picciotto, F.P.; Imparato, M.;
Mattera, S.; Cordone, G.; et al. Impact of age on toxicity and efficacy of sorafenib-targeted therapy in cirrhotic patients with
hepatocellular carcinoma. Med. Oncol. 2013, 30, 446. [CrossRef]

21. Golfieri, R.; Bilbao, J.I.; Carpanese, L.; Cianni, R.; Gasparini, D.; Ezziddin, S.; Paprottka, P.M.; Fiore, F.; Cappelli, A.; Rodriguez, M.;
et al. Comparison of the survival and tolerability of radioembolization in elderly vs. Younger patients with unresectable
hepatocellular carcinoma. J. Hepatol. 2013, 59, 753–761. [CrossRef]

22. Kozyreva, O.N.; Chi, D.; Clark, J.W.; Wang, H.; Theall, K.P.; Ryan, D.P.; Zhu, A.X. A multicenter retrospective study on clinical
characteristics, treatment patterns, and outcome in elderly patients with hepatocellular carcinoma. Oncologist 2011, 16, 310–318.
[CrossRef]

http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.1016/j.jhep.2018.03.019
http://www.ncbi.nlm.nih.gov/pubmed/29628281
http://doi.org/10.1200/JCO.20.02672
http://www.ncbi.nlm.nih.gov/pubmed/33197225
http://doi.org/10.1002/cld.802
http://doi.org/10.1093/annonc/mdy308
http://doi.org/10.1053/j.gastro.2007.04.061
http://doi.org/10.1016/j.jhep.2015.07.032
http://doi.org/10.1016/j.intimp.2020.106939
http://doi.org/10.1158/1078-0432.CCR-14-0442
http://doi.org/10.4103/jcrt.JCRT_835_17
http://doi.org/10.2147/OTT.S217935
http://doi.org/10.7717/peerj.7132
http://doi.org/10.21037/jgo-20-342
http://doi.org/10.1007/s13277-014-2833-9
http://doi.org/10.1053/he.2000.5852
http://doi.org/10.1200/JCO.2014.57.9151
http://doi.org/10.1007/s12032-012-0446-y
http://doi.org/10.1016/j.jhep.2013.05.025
http://doi.org/10.1634/theoncologist.2010-0223


J. Clin. Med. 2022, 11, 4183 10 of 11

23. Mirici-Cappa, F.; Gramenzi, A.; Santi, V.; Zambruni, A.; Di Micoli, A.; Frigerio, M.; Maraldi, F.; Di Nolfo, M.A.; Del Poggio, P.;
Benvegnu, L.; et al. Treatments for hepatocellular carcinoma in elderly patients are as effective as in younger patients: A 20-year
multicentre experience. Gut 2010, 59, 387–396. [CrossRef]

24. Nishikawa, H.; Kita, R.; Kimura, T.; Ohara, Y.; Takeda, H.; Sakamoto, A.; Saito, S.; Nishijima, N.; Nasu, A.; Komekado, H.; et al.
Transcatheter arterial chemoembolization for intermediate-stage hepatocellular carcinoma: Clinical outcome and safety in elderly
patients. J. Cancer 2014, 5, 590–597. [CrossRef]

25. Wong, H.; Tang, Y.F.; Yao, T.-J.; Chiu, J.; Leung, R.; Chan, P.; Cheung, T.T.; Chan, A.C.; Pang, R.W.; Poon, R.; et al. The outcomes
and safety of single-agent sorafenib in the treatment of elderly patients with advanced hepatocellular carcinoma (hcc). Oncologist
2011, 16, 1721–1728. [CrossRef]

26. Zhang, F.; Wu, G.; Sun, H.; Ding, J.; Xia, F.; Li, X.; Ma, K.; Wang, S.; Bie, P. Radiofrequency ablation of hepatocellular carcinoma in
elderly patients fitting the milan criteria: A single centre with 13 years experience. Int. J. Hyperth. 2014, 30, 471–479. [CrossRef]

27. Murthy, V.H.; Krumholz, H.M.; Gross, C.P. Participation in cancer clinical trials. JAMA 2004, 291, 2720. [CrossRef]
28. Tajiri, K. Liver physiology and liver diseases in the elderly. World J. Gastroenterol. 2013, 19, 8459. [CrossRef] [PubMed]
29. Nishikawa, H.; Kimura, T.; Kita, R.; Osaki, Y. Treatment for hepatocellular carcinoma in elderly patients: A literature review.

J. Cancer 2013, 4, 635–643. [CrossRef]
30. Nishikawa, H.; Arimoto, A.; Wakasa, T.; Kita, R.; Kimura, T.; Osaki, Y. Surgical resection for hepatocellular carcinoma. Eur. J.

Gastroenterol. Hepatol. 2013, 25, 912–919. [CrossRef]
31. Nomi, T.; Hirokawa, F.; Kaibori, M.; Ueno, M.; Tanaka, S.; Hokuto, D.; Noda, T.; Nakai, T.; Ikoma, H.; Iida, H.; et al. Laparoscopic

versus open liver resection for hepatocellular carcinoma in elderly patients: A multi-centre propensity score-based analysis. Surg.
Endosc. 2019, 34, 658–666. [CrossRef]

32. Hiraoka, A.; Michitaka, K.; Horiike, N.; Hidaka, S.; Uehara, T.; Ichikawa, S.; Hasebe, A.; Miyamoto, Y.; Ninomiya, T.; Sogabe, I.;
et al. Radiofrequency ablation therapy for hepatocellular carcinoma in elderly patients. J. Gastroenterol. Hepatol. 2010, 25, 403–407.
[CrossRef] [PubMed]

33. Takahashi, H.; Mizuta, T.; Kawazoe, S.; Eguchi, Y.; Kawaguchi, Y.; Otuka, T.; Oeda, S.; Ario, K.; Iwane, S.; Akiyama, T.; et al.
Efficacy and safety of radiofrequency ablation for elderly hepatocellular carcinoma patients. Hepatol. Res. 2010, 40, 997–1005.
[CrossRef] [PubMed]

34. Cohen, M.J. Trans-arterial chemo-embolization is safe and effective for very elderly patients with hepatocellular carcinoma. World
J. Gastroenterol. 2013, 19, 2521. [CrossRef]

35. Cohen, M.J.; Levy, I.; Barak, O.; Bloom, A.I.; Fernández-Ruiz, M.; Di Maio, M.; Perrone, F.; Poon, R.T.; Shouval, D.; Yau, T.; et al.
Trans-arterial chemo-embolization is safe and effective for elderly advanced hepatocellular carcinoma patients: Results from an
international database. Liver Int. 2014, 34, 1109–1117. [CrossRef]

36. Hajiev, S.; Allara, E.; Motedayen Aval, L.; Arizumi, T.; Bettinger, D.; Pirisi, M.; Rimassa, L.; Pressiani, T.; Personeni, N.;
Giordano, L.; et al. Impact of age on sorafenib outcomes in hepatocellular carcinoma: An international cohort study. Br. J. Cancer
2020, 124, 407–413. [CrossRef]

37. Nishikawa, H.; Takeda, H.; Tsuchiya, K.; Joko, K.; Ogawa, C.; Taniguchi, H.; Orito, E.; Uchida, Y.; Osaki, Y.; Izumi, N.; et al.
Sorafenib therapy for bclc stage b/c hepatocellular carcinoma; clinical outcome and safety in aged patients: A multicenter study
in japan. J. Cancer 2014, 5, 499–509. [CrossRef]

38. Ziogas, D.C.; Papadatos-Pastos, D.; Thillai, K.; Korantzis, I.; Chowdhury, R.; Suddle, A.; O’Grady, J.; Al-Khadimi, G.; Allen, N.;
Heaton, N.; et al. Efficacy and safety of sorafenib in patients with advanced hepatocellular carcinoma. Eur. J. Gastroenterol.
Hepatol. 2017, 29, 48–55. [CrossRef]

39. Tada, T.; Kumada, T.; Hiraoka, A.; Michitaka, K.; Atsukawa, M.; Hirooka, M.; Tsuji, K.; Ishikawa, T.; Takaguchi, K.; Kariyama, K.;
et al. Safety and efficacy of lenvatinib in elderly patients with unresectable hepatocellular carcinoma: A multicenter analysis with
propensity score matching. Hepatol. Res. 2019, 50, 75–83. [CrossRef]

40. Kudo, M.; Galle, P.R.; Llovet, J.M.; Finn, R.S.; Vogel, A.; Motomura, K.; Assenat, E.; Merle, P.; Brandi, G.; Daniele, B.; et al.
Ramucirumab in elderly patients with hepatocellular carcinoma and elevated alpha-fetoprotein after sorafenib in reach and
reach-2. Liver Int. 2020, 40, 2008–2020. [CrossRef]

41. Liu, Y.-W.; Yong, C.-C.; Lin, C.-C.; Wang, C.-C.; Chen, C.-L.; Cheng, Y.-F.; Wang, J.-H.; Yen, Y.-H. Liver resection in elderly patients
with hepatocellular carcinoma: Age does matter. Updates Surg. 2021, 73, 1371–1380. [CrossRef] [PubMed]

42. Mbeunkui, F.; Johann, D.J. Cancer and the tumor microenvironment: A review of an essential relationship. Cancer Chemother.
Pharmacol. 2008, 63, 571–582. [CrossRef] [PubMed]

43. Heymann, F.; Peusquens, J.; Ludwig-Portugall, I.; Kohlhepp, M.; Ergen, C.; Niemietz, P.; Martin, C.; van Rooijen, N.; Ochando, J.C.;
Randolph, G.J.; et al. Liver inflammation abrogates immunological tolerance induced by kupffer cells. Hepatology 2015, 62, 279–291.
[CrossRef] [PubMed]

44. Ringelhan, M.; Pfister, D.; O’Connor, T.; Pikarsky, E.; Heikenwalder, M. The immunology of hepatocellular carcinoma. Nat.
Immunol. 2018, 19, 222–232. [CrossRef]

45. Östman, A.; Heldin, C.H. Pdgf receptors as targets in tumor treatment. Adv. Cancer Res. 2007, 97, 247–274.
46. Salazar-Onfray, F.; López, M.N.; Mendoza-Naranjo, A. Paradoxical effects of cytokines in tumor immune surveillance and tumor

immune escape. Cytokine Growth Factor Rev. 2007, 18, 171–182. [CrossRef]

http://doi.org/10.1136/gut.2009.194217
http://doi.org/10.7150/jca.9413
http://doi.org/10.1634/theoncologist.2011-0192
http://doi.org/10.3109/02656736.2014.961042
http://doi.org/10.1001/jama.291.22.2720
http://doi.org/10.3748/wjg.v19.i46.8459
http://www.ncbi.nlm.nih.gov/pubmed/24379563
http://doi.org/10.7150/jca.7279
http://doi.org/10.1097/MEG.0b013e32835fa668
http://doi.org/10.1007/s00464-019-06812-z
http://doi.org/10.1111/j.1440-1746.2009.06037.x
http://www.ncbi.nlm.nih.gov/pubmed/19929922
http://doi.org/10.1111/j.1872-034X.2010.00713.x
http://www.ncbi.nlm.nih.gov/pubmed/20887335
http://doi.org/10.3748/wjg.v19.i16.2521
http://doi.org/10.1111/liv.12486
http://doi.org/10.1038/s41416-020-01116-9
http://doi.org/10.7150/jca.9257
http://doi.org/10.1097/MEG.0000000000000739
http://doi.org/10.1111/hepr.13427
http://doi.org/10.1111/liv.14462
http://doi.org/10.1007/s13304-021-01021-7
http://www.ncbi.nlm.nih.gov/pubmed/33687694
http://doi.org/10.1007/s00280-008-0881-9
http://www.ncbi.nlm.nih.gov/pubmed/19083000
http://doi.org/10.1002/hep.27793
http://www.ncbi.nlm.nih.gov/pubmed/25810240
http://doi.org/10.1038/s41590-018-0044-z
http://doi.org/10.1016/j.cytogfr.2007.01.015


J. Clin. Med. 2022, 11, 4183 11 of 11

47. Gan, Y.; Zhou, X.; Niu, X.; Li, J.; Wang, T.; Zhang, H.; Yang, Y.; Liu, Y.; Mao, Q. Neutrophil/lymphocyte ratio is an independent
prognostic factor in elderly patients with high-grade gliomas. World Neurosurg. 2019, 127, e261–e267. [CrossRef]

48. Mandaliya, H.; Jones, M.; Oldmeadow, C.; Nordman, I.I.C. Prognostic biomarkers in stage iv non-small cell lung cancer (nsclc):
Neutrophil to lymphocyte ratio (nlr), lymphocyte to monocyte ratio (lmr), platelet to lymphocyte ratio (plr) and advanced lung
cancer inflammation index (ali). Transl. Lung Cancer Res. 2019, 8, 886–894. [CrossRef]

49. Peng, H.; Tan, X. The prognostic significance of sarcopenia and the neutrophil-to-lymphocyte ratio in elderly patients with
esophageal squamous cell carcinoma. Cancer Manag. Res. 2021, 13, 3209–3218. [CrossRef]

50. Hirahara, N.; Tajima, Y.; Matsubara, T.; Fujii, Y.; Kaji, S.; Kawabata, Y.; Hyakudomi, R.; Yamamoto, T.; Uchida, Y.; Taniura, T.
Systemic immune-inflammation index predicts overall survival in patients with gastric cancer: A propensity score–matched
analysis. J. Gastrointest. Surg. 2020, 25, 1124–1133. [CrossRef]

51. Saito, H.; Kono, Y.; Murakami, Y.; Shishido, Y.; Kuroda, H.; Matsunaga, T.; Fukumoto, Y.; Osaki, T.; Ashida, K.; Fujiwara, Y.
Prognostic significance of platelet-based inflammatory indicators in patients with gastric cancer. World J. Surg. 2018, 42, 2542–2550.
[CrossRef]

52. Ng, S.S.Q.; Chua, G.W.Y.; Kusumawidjaja, G.; Wong, F.Y.; Tham, C.K.; Chua, E.T.; Chua, M.L.K.; Chua, K.L.M. Evaluation of
neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio as prognostic biomarkers for elderly patients with glioblastoma
treated with chemoradiation. Int. J. Radiat. Oncol. Biol. Phys. 2017, 99, E97. [CrossRef]

53. Zarour, L.R.; Billingsley, K.G.; Walker, B.S.; Enestvedt, C.K.; Orloff, S.L.; Maynard, E.; Mayo, S.C. Hepatic resection of solitary hcc
in the elderly: A unique disease in a growing population. Am. J. Surg. 2019, 217, 899–905. [CrossRef]

54. Riauka, R.; Ignatavicius, P.; Barauskas, G. Preoperative platelet to lymphocyte ratio as a prognostic factor for resectable pancreatic
cancer: A systematic review and meta-analysis. Dig. Surg. 2020, 37, 447–455. [CrossRef]

55. Sanabria, A.; Carvalho, A.L.; Vartanian, J.G.; Magrin, J.; Ikeda, M.K.; Kowalski, L.P. Comorbidity is a prognostic factor in elderly
patients with head and neck cancer. Ann. Surg. Oncol. 2007, 14, 1449–1457. [CrossRef]

56. Lemmens, V.E.P.P.; van Halteren, A.H.; Janssen-Heijnen, M.L.G.; Vreugdenhil, G.; Repelaer van Driel, O.J.; Coebergh, J.W.W.
Adjuvant treatment for elderly patients with stage iii colon cancer in the southern netherlands is affected by socioeconomic status,
gender, and comorbidity. Ann. Oncol. 2005, 16, 767–772. [CrossRef]

57. De Boer, A.Z.; Bastiaannet, E.; Putter, H.; Marang-van de Mheen, P.J.; Siesling, S.; de Munck, L.; de Ligt, K.M.; Portielje, J.E.A.;
Liefers, G.J.; de Glas, N.A. Prediction of other-cause mortality in older patients with breast cancer using comorbidity. Cancers
2021, 13, 1627. [CrossRef]

http://doi.org/10.1016/j.wneu.2019.03.085
http://doi.org/10.21037/tlcr.2019.11.16
http://doi.org/10.2147/CMAR.S302274
http://doi.org/10.1007/s11605-020-04710-7
http://doi.org/10.1007/s00268-018-4527-8
http://doi.org/10.1016/j.ijrobp.2017.06.822
http://doi.org/10.1016/j.amjsurg.2019.01.030
http://doi.org/10.1159/000508444
http://doi.org/10.1245/s10434-006-9296-1
http://doi.org/10.1093/annonc/mdi159
http://doi.org/10.3390/cancers13071627

	Introduction 
	Materials and Methods 
	Statistical Analyses 
	Results 
	Discussion 
	Conclusions 
	References

