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Abstract

Background: The aim of current study was to (1) construct and validate a novel hepatocellu-
lar carcinoma (HCC)-specific inflammatory index; (2) compare the performances of the Inte-
grated Liver Inflammatory Score (ILIS) to existing 4 inflammatory indices in HCC; (3) explore
the association between the inflammatory indices and systemic/intratumoral inflammatory
markers. Methods: Two cohorts from Hong Kong (HK; n = 1,315) and Newcastle (n = 574) were
studied. A novel index was constructed from the HK training set (n = 627). The index was con-
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structed from the training set by combing independent prognostic circulating parameters,
followed by validating in the validation set of HK cohort (n = 688) and the Newcastle cohort.
Its prognostic performance was compared to 4 inflammatory indices, namely, the neutrophil
to lymphocyte ratio, platelet-to-lymphocyte ratio, prognostic nutrition index, and systemic
immune-inflammation index, were compared in the HK cohort. Circulating cytokines and in-
tratumoral gene expression were analyzed in a subset of patients with available samples and
correlated with the inflammatory indices. Results: In the training set of the HK cohort, the ILIS,
was generated: —0.057 x albumin (g/L) + 0.978 x log (Bilirubin, umol/L) + 1.341 x log (alkaline
phosphatase, IU/L) + 0.086 x Neutrophil (10%/L) + 0.301 x log (alpha-fetoprotein, ug/L). With
cutoff of 2.60 and 3.87, the ILIS could categorize patients into 3 risk groups in the both valida-
tion cohorts. ILIS outperforms other inflammatory indices and remains an independent prog-
nosticator for overall survival after adjustment with Barcelona Clinic Liver Cancer (hazard ratio
31.90, p < 0.001). The ILIS had the best prognostic performances as compared to other inflam-
matory indices. In exploratory analyses, the ILIS correlated with circulating inflammatory cy-
tokines (e.g., IL-8) but not with any intratumoral inflammatory gene expression. Conclusions:
ILIS is an HCC-specific prognostic index built on 5 readily available blood parameters. Its ver-
satility is validated both Eastern and Western population of HCC. The score is correlated with

levels of circulating cytokines. © 2019 The Author(s)
Published by S. Karger AG, Basel

Introduction

The presence of tumor-associated inflammation represents enabling tumor character-
istics, which promote tumorigenesis and progression [1]. Circulating inflammatory cytokines
and markers could reflect the underlying systemic inflammation and prognoses for hepato-
cellular carcinoma (HCC) [2, 3]. A number of inflammation-based indexes (IBI) were derived
from peripheral blood counts (e.g., neutrophil, lymphocyte, and platelet) and acute-phase
proteins (e.g., C-reactive protein [CRP] and albumin) for prognostic purposes, with examples
including IBI, neutrophil to lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), prog-
nostic nutrition index (PNI), systemic immune-inflammation index (SII) [3-6].

In HCC, NLR is the most widely studied IBI [7, 8], and is shown to be predictive of sorafenib
response in an exploratory pooled analysis of a randomized clinical trial [9]. Clinical appli-
cation of inflammation-based indices in HCC is limited by 2 factors. First, most of the previous
studies have sample size in a scale of few 100 patients, which are statistically inadequate for
studying a robust number of prognostic parameters and comparing different indices in
patients with HCC [8, 10]. Second, except the PNI and IBI, inflammatory indices were not
specifically developed for HCC [3, 4, 6], and as a result, HCC-specific prognosticators such as
alpha-fetoprotein (AFP) and alkaline phosphatase (ALP), were notincorporated in the indices
[11-14].

To address the above 2 limitations, there is a need to develop an HCC-specific prognostic
index from a robust sample of patients. Therefore, we conducted a study with following 3
objectives: the first objective was to derive and validate a novel HCC-specific IBI from a robust
sample of patients with HCC. The second objective was to compare the prognostic perfor-
mance of this novel index to existing inflammation-based prognostic indices. The third
objective was to explore the potential clinical application of the novel index on aspects of
therapeutic implications and association with tumor-related inflammation.
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Patients and Methods

Patients

Two patient cohorts were included in the study. The first cohort consisted of HCC patients treated at the
Prince of Wales Hospital, Hong Kong between January, 2001 and December, 2014 [2, 4]. The second cohort
was composed of 583 HCC patients managed by the Newcastle HCC multidisciplinary team between the years
2000 and 2010, studying data collected as part of a Newcastle upon Tyne Hospitals Foundation Trust regis-
tered audit project [15]. The Hong Kong Cohort was used to comprehensively analyze the prognostic perfor-
mance of existing inflammatory indices. It was later randomly split into half - into training and internal vali-
dation cohorts for constructing and testing of the novel HCC-specific inflammatory score. The Newcastle
cohort was used as the independent external validation cohort to examine the novel HCC-specific inflam-
matory score.

All clinical and laboratory parameters were collected and reviewed from patients’ records. Patients with
incomplete data were excluded. Albumin-Bilirubin (ALBI) score, Platelet-ALBI, NLR, PLR, PNI and SII were
calculated and categorized in accordance with original publications [4, 5, 16, 17]. Patients in Hong Kong
cohortwere staged according to the 7th edition of American Joint Committee on Cancer (AJCC) [18], Barcelona
Clinic Liver Cancer (BCLC) [19], Chinese University Prognostic Index [12], Japan Integrated Staging [20], and
Okuda systems [21]. Overall survival (0OS) was defined as the date of first clinical diagnosis of HCC to the time
of death, or last follow-up if death had not occurred.

Analysis of Cytokines in Circulation and Gene Expression in the Tumor

The serum cytokine concentrations of serum inflammatory markers were determined by the Human
Cytokine Array 41-plex and Human Neurodegenerative Disease 1-plex assays (Eve Technologies, Alberta,
Canada), with detailed methodologies described previously [22]. The gene expression in the tumor was
analyzed by the NanoString analysis. The archival formalin-fixed paraffin-embedded tumor tissue was
retrieved and manually macrodissected. Total mRNA was isolated from the macrodissected tumor tissues
using Qiagen miRNeasy Kit (Qiagen, Valencia, CA, USA) according to the manufacturer’s instructions. The
RNA sample was quantified by NanoDrop (Thermo Scientific, Wilmington, DE, USA), and regarded as an
adequate sample if it contained 400 ng at minimum. The sample was subsequently analyzed by the nCounter
PanCancer Immune Profiling Panel (NanoString, Seattle, WA, USA) according to the manufacturer’s instruc-
tions [23].

Statistical Analyses

All statistical analyses were done by R version 3.32 (R Foundation for Statistical Computing, Vienna,
Austria). To construct a novel IBI, multivariable Cox regression model with stepwise forward selection
together with bootstrap resampling was constructed (R package bootStepAIC 1.20) [24]. Only clinical param-
eters with consistent selection in 200 bootstrap samples and demonstration of same direction of hazard ratio
(HR) (i.e., positive vs. negative) were used to construct the novel index. The novel score was the weighted
sum of those selected parameters, of which the weights were B-coefficients from the multivariable Cox
regression analysis. Three risk groups (low, intermediate, and high) were generated by employing the 50th
and 85th centile of the score as cutoff values [25].

Prognostic performances of different indices were examined by survival analyses using Kaplan-Meier
method and Cox proportional hazards model. The comparison of prognostic performance was evaluated by
homogeneity, discriminatory ability, and monotonicity of gradients [11]. Homogeneity and monotonicity of
gradients were assessed by the likelihood ratio chi-square test. A system with better homogeneity and mono-
tonicity is indicated by a larger value of the likelihood ratio chi-square test. Discriminatory ability was eval-
uated by the corrected Akaike information criterion (AICc). A system with higher discriminatory ability was
signified by a smaller value of AlCc.

Raw data of the NanoString analysis were analyzed by nSolver 3.0 (NanoString, Seattle, WA, USA). Raw
count values were first subtracted by a background count level (2 SDs above the mean count of internal
negative controls). Data were then normalized by geometric mean of internal positive controls. p values of
multiple comparisons among circulatory inflammatory indices, serum cytokines and gene expressions by
NanoString were adjusted by controlling false discovery rate [26].
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Results

Construction of an Integrated Liver Inflammatory Score

The baseline characteristics of patients in the Hong Kong cohort are summarized in Table
1. To build a blood-based and HCC-specific prognostic score integrated with an inflammatory
component, the Hong Kong Cohort was randomly divided into training and internal validation
cohorts. Both cohorts had similar clinical characteristics (online suppl. Table 1; for all online
suppl. material, see www.karger.com/doi/10.1159/000504252) and OS (online suppl.
Fig. 1d). In the training cohort (n = 657), blood parameters including liver biochemistry
(albumin, bilirubin, alanine transaminase and ALP), INR, peripheral blood counts (neutrophil,
lymphocyte and platelet) and AFP were significant prognosticators by the univariate Cox
regression (Table 2). Only albumin, bilirubin, ALP, neutrophil, and AFP were selected as
stable independent prognostic factors by forward selection along with bootstrap resampling.

A prognostic model, Integrated Liver Inflammatory Score (ILIS), was generated: -0.057
x albumin (g/L) + 0.978 x log (Bilirubin, pmol/L) + 1.341 xlog (ALP,1U/L) + 0.086 x Neutrophil
(10°/L) + 0.301 x log (AFP, ug/L). Using 50% (2.60) and 85% (3.87) of ILIS as cutoff values,
3 prognostically distinct groups were classified (Fig. 1a).

Validation of the ILIS

Using aforementioned cutoff values, namely, 2.60 and 3.87, the ILIS could categorize
patients into 3 different risk groups in both internal validation cohort of Hong Kong (n = 658;
Fig. 1b). In the Newcastle cohort, among the 583 patients, 574 of them had all 5 parameters
required by the ILIS (i.e.,, 9 patients were excluded). Similarly, the ILIS was validated in this
external validation cohort (Fig. 1c). When compared to other inflammatory indices, ILIS
outperformed other inflammatory indices, liver function assessment tools, serum AFP, and
selected staging systems (the AJCC, Chinese University Prognostic Index, Japan Integrated
Staging, and Okuda system; online suppl. Table 2).

The ability of ILIS to stratify the widely adopted HCC staging system, BCLC, was studied
in the internal validation cohort. Patients in each BCLC stage were stratified into 3 ILIS risk
groups, namely the low, intermediate and high risks (Fig. 2a-c). ILIS could also further classify
subgroups of patients according to AJCC stage (Fig. 2d-f), liver function and treatment intents
(online suppl. Fig. 2, 3). In the multivariate analysis, the ILIS remained independent prog-
nostic factor for OS after adjustment with BCLC (adjusted HR 31.90, p < 0.001) and AJCC TNM
stage (adjusted HR 2.04, p < 0.001).

Finally, the association between the ILIS and tumor features was investigated in the
internal validation cohort. The median ILIS was higher in the presence of multiple tumors
(median 3.16vs. 2.31 p<0.001), vascular invasion (median 3.80 vs. 2.43, p < 0.001) and extra-
hepatic spread (median 4.15 vs. 2.50, p < 0.001). The ILIS was also positively correlated with
tumor size (Pearson R 0.431, p < 0.001) and stage (online suppl. Fig. 4). Even among patients
with low serum AFP (<20 pg/L), ILIS remained higher in the presence of multiple tumors
(p <0.001), vascular invasion (p = 0.004), and extrahepatic spread (p = 0.009), and positively
correlated with tumor size (R = 0.398, p < 0.001).

Prognostic Performances of Existing Inflammation-Based Prognostic Indices and ILIS

First, 4 existing indices, namely, the NLR, PLR, PNI, and SII were compared. Higher risk-
category of NLR, PLR, PNI, and SII were associated with worse OS (Fig. 3). In the overall popu-
lation, PNI had the best prognostic performance as evidenced by the highest homogeneity
likelihood ratio chi-square and the lowest AlCc, followed by NLR (Table 3). To determine how
these tumor burden and hepatic dysfunction impact the prognostic performances of inflam-
mation-based indices, subgroup analyses stratified by BCLC stages and ALBI grades were
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Table 2. Cox regression models of laboratory parameters in the training cohort

Univariate Multivariate

B-coefficient HR p value B-coefficient HR p value
Albumin -0.103 0.90 <2x10716 -0.057 0.95 9.5x1077
Bilirubin 0.010 1.01 <2x1071t6
log (Bilirubin) 2.115 8.29 <2x10716 0.978 2.66 4.6x1078
ALT 0.004 1.00 5.8x1078
log (ALT) 0.931 2.54 4.5%x1077
ALP 0.003 1.00 <2x10716
log (ALP) 2.637 13.97 <2x10716 1.341 3.82 6.1x1078
INR 1.501 4.49 6.7x10715
Neutrophil count 0.161 1.18 <2x10716 0.086 1.09 2.7x107°
Lymphocyte count -0.674 0.51 3.7x10712
Platelet count 0.002 1.00 7.5x107°
log (platelet count) 0.716 2.05 0.004
log (AFP) 0.382 1.47 <2x10716 0.301 135 1.5x10715

AFP, alpha-fetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; HR, hazard ratio.

conducted (Table 3): In patients with early and intermediate-stage HCC (i.e., BCLC stage 0 to
B), PNI has the best prognostic performance, while among patients with advanced stage HCC
(i.e., BCLC stage C), NLR has the best performance. For patients with optimal hepatic function,
defined as ALBI grade 1, PLR has the best performance, while NLR has the best prognostic
performance in patients with less optimal liver function (i.e., ALBI grade 2 and 3). Second, ILIS
was compared to the 4 above indices. As compared to NLR, PLR, PNI, and SII, the ILIS has the
best prognostic performance in the Hong Kong cohortand subgroups of patients with different
ALBI scores and BCLC stages (Table 3). Among patient subgroups with chronic hepatitis B,
hepatitis C, non-B-non-C viral etiology, ILIS also has the best prognostic performance (Table
3).

ILIS, Serum Cytokines, and Tumor Microenvironment

A subset of cohort from Hong Kong cohort previously showed that selected circulating
cytokines, namely, interleukin-6 (IL-6), IL-8, IL-10, and IL-17A, were prognostic of OS [22].
Hence, we studied the association between inflammatory indices and those 4 circulating cyto-
kines. It was found that serum IL6, IL8, and IL10 were correlated with all inflammatory
indices, whereas serum IL17A was correlated with ILIS, PNI, and SII (Table 4). Compared to
other inflammatory indices, ILIS demonstrated the strongest association with all 4 cytokines,
particularly IL8 (rho 0.553, p < 0.001; moderate correlation). At the same time, all 5 compo-
nents of ILIS were significantly and weakly-to-moderately correlated with serum IL8, albumin
(Spearman rho -0.305, p < 0.001), bilirubin (rho 0.330, p < 0.001), ALP (rho 0.480, p < 0.001),
neutrophil count (rho 0.369, p < 0.001) and AFP (rho 0.352, p < 0.001).

NanoString PanCancer Profiling Panel was performed on tumorous tissue of 71 surgically
resected HCC. None of inflammatory indices was associated with gene expression levels of
tumor-infiltrating inflammatory cells and immune checkpoints (Table 4). In the NanoString
panel, genes related to the targets of sorafenib were also evaluated [27]. ILIS was negatively
correlated with the intratumoral expression of PDGFRB (rho -0.420, p = 0.002), KIT (rho
-0.341, p=0.027), VEGFA (rho -0.402, p = 0.004) and vascular marker CD34 (rho -0.348,p =
0.022), whereas NLR showed borderline negative correlation with KIT (rho -0.286, p = 0.055)
and FLT3 (rho -0.226, p = 0.082).
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0.001), (b) internal validation cohort (log rank p < 0.001) and (c) external validation cohort (log rank p <

Discussion

In this study, a large cohort of 1,315-HCC patient was employed to comprehensively
review the performances of current inflammation-based indices. All inflammatory indices,

namely, the NLR, PNI, PLR, and SII, are prognostic of clinical outcomes. However, the prog-
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Fig. 1. Kaplan-Meier survival plots comparing OS stratified by ILIS in the (a) training cohort (log rank p <
0.001). OS, overall survival.
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Table 3. Prognostic performance of NLR, PLR, PNI, SII, and ILIS risk groups in the Hong Kong cohort

HR 95% CI p value Homogeneity likelihood ratio
X2 test AlCc
Entire cohort (n = 1,315)
NLR 2.88 2.443-3.389 <0.001 135.35 9,240.77
PLR 2.07 1.782-2.398 <0.001 88.26 9,287.86
PNI 2.47 2.125-2.868 <0.001 140.63 9,235.48
SII 1.75 1.488-2.060 <0.001 48.76 9,327.35
ILIS 3.63 3.261-4.038 <0.001 525.84 8,849.78
BCLC 0/A (n=606)
NLR 1.54 1.019-2.325 0.041 3.77 2,289.61
PLR 1.09 0.785-1.505 0.615 0.25 2,293.13
PNI 2.29 1.724-3.030 <0.001 31.23 2,262.15
SII 0.89 0.670-1.175 0.098 0.70 2,292.68
ILIS 2.47 1.936-3.160 <0.001 44.97 2,281.82
BCLC B (n = 237)
NLR 1.55 0.994-2.408 0.053 3.43 1,133.15
PLR 1.21 0.836-1.747 0.313 1.00 1,135.57
PNI 1.52 1.057-2.171 0.024 5.08 1,131.50
SII 1.31 0.899-1.896 0.161 2.01 1,134.57
ILIS 1.98 1.490-2.620 <0.001 21.15 1,084.97
BCLC C (n=425)
NLR 2.31 1.848-2.891 <0.001 49.23 3,628.31
PLR 1.76 1.419-2.181 <0.001 26.87 3,650.68
PNI 1.45 1.171-1.803 0.001 11.76 3,665.78
SII 217 1.646-2.865 <0.001 34.98 3,642.57
ILIS 2.33 1.983-2.735 <0.001 109.13 3,568.15
ALBl grade 1 (n = 622)
NLR 1.95 1.306-2.908 0.001 8.99 2,862.52
PLR 1.74 1.339-2.256 <0.001 16.23 2,855.27
PNI 1.14 0.734-1.763 0.564 0.32 2,871.18
SII 1.47 1.115-1.926 0.006 7.84 2,863.67
ILIS 297 2.305-3.832 <0.001 58.45 2,812.94
ALBI grade 2/3 (n = 693)
NLR 217 1.800-2.624 <0.001 60.31 5,399.42
PLR 1.95 1.624-2.342 <0.001 50.26 5,409.48
PNI 1.45 1.146-1.836 0.002 10.33 5,449.40
SII 2.12 1.727-2.594 <0.001 57.11 5,402.62
ILIS 3.31 2.853-3.843 <0.001 261.25 5,198.05
Hepatitis B (n = 1,060)
NLR 3.018 2.513-3.623 <0.001 117.612 7,157.37
PLR 2.310 1.956-2.728 <0.001 92.186 7,121.66
PNI 2.606 2.202-3.084 <0.001 125.453 7,147.08
SII 1.884 1.569-2.263 <0.001 49.649 7,113.82
ILIS 3.844 3.417-4.324 <0.001 475.292 7,189.62
Hepatitis C (n = 86)
NLR 0.83 0.255-2.714 0.761 0.097 300.62
PLR 1.76 0.806-3.832 0.156 1.794 298.92
PNI 1.72 0.921-3.214 0.089 2.917 297.80
SII 191 0.629-2.254 0.591 0.285 300.43
ILIS 1.57 1.022-2.408 0.039 4.003 296.71
Non-B/non-C (n = 162)
NLR 2.71 1.771-4.145 <0.001 18.74 849.78
PLR 1.18 0.787-1.766 0.425 0.640 867.88
PNI 2.01 1.346-3.007 0.001 11.436 857.08
SII 1.22 0.718-2.059 0.466 0.553 867.96
ILIS 2.72 2.051-3.618 <0.001 44.606 823.91

ALBI, albumin-bilirubin score; BCLC, Barcelona clinic liver cancer; ILIS, integrated liver inflammatory score;
NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; PNI, prognostic nutritional index; SII, systemic

immune-inflammation index; HR, hazard ratio.
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nostic performances of an inflammatory index vary remarkably according to the compo-
sition of patient subgroups. This finding could explain the inconsistent results on the
performance of circulatory inflammatory index observed in different studies on patients
with HCC [2-6, 8-10, 28, 29]. The absence of a single reliable inflammatory index across
subgroups of HCC patients may limit the application of inflammatory indices in clinical
practice.

We established a novel HCC-specific inflammatory score, ILIS, and validated its prog-
nostic ability in both internal and external cohorts. There are unique features about the ILIS:
First, it is a model that is built on objective blood-based parameters. In the literature, there
is another similar blood-based HCC prognostic model, BALAD-2, which combines 5 param-
eters including bilirubin, albumin, AFP, AFP-L3% and des-gamma carboxyprothrombin
(DCP) [30, 31]. However, AFP-L3% and DCP are not routinely measured in most centers,
while the parameters of ILIS, namely, albumin, bilirubin, neutrophils, and AFP, are readily
available from routine blood testing. Further, in a subset of cohort from Hong Kong with
AFP-L3% and DCP data, the ILIS has better prognostic performance than the BALAD-2 (n =
225; homogeneity likelihood ratio chi-square 160.57 vs. 32.54; AlCc 1,265.25 vs. 1,393.27)
[30].Second, in both cohorts from Hong Kong and Newcastle, the ILIS has consistently better
prognostic performance than other existing inflammatory indices. Its superiority in
predicting clinical outcome also persists among different subgroups of patients. This feature
highlights the versatility of the ILIS in different populations of HCC globally. Third, in terms
of clinical application, the ILIS is able to further classify the AJCC TNM and BCLC stages,
suggesting that ILIS could provide additional prognostic information to currently used
staging systems. The ILIS may also potentially provide references for clinicians in treatment
decision in which ILIS-low risk has higher chance (72.8%) of undergoing treatment of
curative intent and 53.4% of the ILIS-high-risk patients are put on supportive care (online
suppl. Table 3).

The inflammation occurs in both systemic circulation or within tumor environment. For
systemic inflammation, there are scanty data on the association between serum cytokines
and the inflammatory indices [32, 33]. In this study, we examine 4 serum cytokines, namely,
the IL6, IL8, IL-10, and IL17A, which were previously demonstrated to be important prognos-
ticators [22]. It is shown that the ILIS is strongly correlated with all 4 cytokines, particularly
with the serum level of IL8. These findings showed that ILIS is a potential surrogate for circu-
lating inflammatory cytokines in HCC, which are congruent with existing observation that
systemic inflammation is a complex interplay of host immune system with tumor and under-
lying chronic liver disease [34]. For intratumoral inflammation, there are mixed results on its
association with inflammatory indices. On the one hand, Motomura et al. [7] reported that
NLR was associated with peritumoral rather than intratumoral CD163 (tumor-associated
macrophage M2) gene expression in HCC. On the other hand, Wang et al. [35] did not demon-
strate any association between inflammatory indices (NLR, PLR, and PNI) and intratumoral/
peritumoral gene expression of CD4 (T-helper cell) and CD8 (cytotoxic T-cell) in the tumors.
Results of the current study do not demonstrate any association between inflammatory
indices and intratumoral gene expression. The exact reasons are unclear, but it is likely that
both systemic and intratumoral inflammation may not be simplistically linked by tissue and
blood inflammatory cell counts in HCC as is the case with colorectal cancer [36, 37].

Fig. 2. Kaplan-Meier survival plots comparing OS for patients stratified by ILIS in the internal validation co-
hort: (a) BCLC stage 0/A (log rank p < 0.001), (b) BCLC stage B (log rank p = 0.003), (c) BCLC stage C/D (log
rank p <0.001), (d) AJCC stage I (log rank p < 0.001), (e) AJCC stage II (log rank p < 0.001) and (f) AJCC stage
[1I/1V (log rank p < 0.001). OS, overall survival.
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Fig. 3. Kaplan-Meier survival plots comparing OS for patients stratified by (@) NLR (logrank p < 0.001), (b)
PLR (log rank p < 0.001), (c) PNI (log rank p < 0.001) and (d) SII (log rank p < 0.001). NLR, neutrophil to lym-
phocyte ratio; OS, overall survival; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutrition index; SII,

systemic immune-inflammation index.

Inflammatory indices are potentially informative of treatment outcomes in cancers. NLR
was recently shown to be negative predictive and prognostic factors of sorafenib-treated HCC
patients [9]. We explore the relationship between circulatory inflammatory markers and
expressionlevels of potential target genes of sorafenib. The results show that NLR is marginally
negatively correlated with expression levels of KIT and FLT3 gene, while ILIS is significantly
and negatively correlated with expression levels of PDGFRB, KIT, VEGFA, and CD34. Therefore,
it is valuable to study whether ILIS is potentially prognostic or even predictive of clinical
outcomes in sorafenib treatment in HCC [9]. Apart from sorafenib, NLR was also reported to
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be correlated with intratumoral PD-L1 expression in HCC [35], and prognosticators for
patients undergoing check-point inhibitors for melanoma and non-small cell lung cancer [38,
39]. Sia et al. [40] studied the transcriptomes of HCC and identified 2 subtypes of HCC with
different gene expressions and implications on immunotherapies. In the current study, we
did not find any association between the inflammatory indices and intratumoral mRNA levels
of immune checkpoint inhibitors in HCC. More studies are required to clarify the association
between inflammatory indices and gene expression of check points as well as outcomes of
immunotherapeutics in HCC.

There are few limitations about this study. First, although all 5 parameters of ILIS are
readily obtained from routine blood tests, calculation of ILIS may be too complicated for daily
practice. To facilitate the utility of ILIS, we designed a user-friendly online calculator available
at http://goo.gl/20rPPY. Second, it may be noted that the ILIS does not incorporate serum
CRP orits derivative scores, which are shown to be prognosticators for HCC [2, 6]. We decided
not to incorporate CRP because it is not routinely evaluated in clinical practice of HCC. Due to
the same reason, the inflammation-based prognostic score (GPS), another index with
component of CRP, was not studied and compared to ILIS in the current paper. Third, although
the prognostic performance of the ILIS persists in patients with hepatitis viral infection, the
impact of antiviral therapy for chronic hepatitis B virus on prognostication of the ILIS is
unclear because individual data on antiviral therapy for hepatitis B are not available in both
cohorts. However, both cohorts were constructed after 2000, and the use of antiviral therapy
is expected to be high. Finally, the robustness of data on tumor microenvironment may be
limited by a small subset, of viral etiology, being analyzed for gene expression levels in a pre-
selected NanoString panel. Future study on a larger cohort of patients receiving both surgical
and non-surgical therapies will enhance our understanding on the relationship between
tumor environment and systemic inflammation.

In conclusion, we developed a novel ILIS, by incorporating liver function, systemic inflam-
mation and tumor factor. The ILIS is an externally validated, powerful prognosticator with
consistent performance across subgroups of patients with different tumor burden and liver
dysfunction.
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