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Highlights Impact and implications

� Platelet-to-lymphocyte ratio is a predictive factor in

patients with advanced HCC.

� SIRT/sorafenib conferred a significant survival
benefit vs. sorafenib monotherapy in patients with
a high platelet-to-lymphocyte ratio.

� In patients with a low platelet-to-lymphocyte ratio,
there is no significant difference in overall survival
between treatment arms.
https://doi.org/10.1016/j.jhepr.2023.100995
Systemic therapies are the mainstay of treatment in
patients with hepatocellular carcinoma at advanced
stages. However, not all patients respond well to these
treatments. In our analysis, using blood test parame-
ters showing systemic inflammation status, we were
able to identify patients who would benefit more from
combined treatment with a locoregional treatment of
radioembolization (or selective internal radiation
therapy).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhepr.2023.100995&domain=pdf
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Background & Aims: Herein we used data derived from the SORAMIC trial to explore the predictive value of systemic in-
flammatory markers (neutrophil-to-lymphocyte ratio [NLR] and platelet-to-lymphocyte ratio [PLR]) in patients with
advanced hepatocellular carcinoma (HCC) treated with sorafenib monotherapy or the combination of selective internal ra-
diation therapy (SIRT)/sorafenib.
Methods: Patients randomized to sorafenib monotherapy or SIRT/sorafenib within the per-protocol population of the SOR-
AMIC trial were evaluated in this exploratory post hoc analysis. The median baseline values of NLR and PLR were used as cut-
off values to describe subgroups. Kaplan-Meier curves with log-rank tests were used to evaluate median survival in the
sorafenib and SIRT/sorafenib arms in each subgroup. Multivariable Cox regression analysis was applied to eliminate the effect
of confounding factors.
Results: A total of 275 patients with a median overall survival of 12.4 months were included in this analysis. The median NLR
value of the cohort was 2.77 and the median PLR was 26.5. There was no significant difference in overall survival between the
sorafenib and SIRT/sorafenib arms in patients with low NLR (p = 0.72) and PLR (p = 0.35) values. In patients with high NLR
values, there was no statistically significant difference in median overall survival between SIRT/sorafenib and sorafenib co-
horts (12.1 vs. 9.2 months, p = 0.21). In patients with high PLR values, overall survival in the SIRT/sorafenib arm was
significantly longer than in the sorafenib arm (15.9 vs. 11.0 months, p = 0.029). This significant difference was preserved in the
multivariable analysis (SIRT/sorafenib arm: hazard ratio 0.65, 95% CI 0.44-0.96, p = 0.03) incorporating age, Child-Pugh grade,
and alpha-fetoprotein levels.
Conclusions: PLR is a potential predictive factor of benefit from additional SIRT in patients with HCC receiving sorafenib
therapy. The potential predictive value of PLR should be further evaluated in future trials.
Impact and implications: Systemic therapies are the mainstay of treatment in patients with hepatocellular carcinoma at
advanced stages. However, not all patients respond well to these treatments. In our analysis, using blood test parameters
showing systemic inflammation status, we were able to identify patients who would benefit more from combined treatment
with a locoregional treatment of radioembolization (or selective internal radiation therapy).
© 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Hepatocellular carcinoma (HCC) is the most common primary
liver cancer, and in most patients, HCC develops on the back-
ground of chronic inflammation of the liver.1 Although the un-
derlying etiology of liver disease differs in Asian and Western
populations,2 chronic inflammation leads to hepatocyte damage,
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accumulation of reactive oxygen species, genomic alterations,
and eventually hepatocarcinogenesis.3

Systemic treatment with immune checkpoint inhibitors is the
primary option in advanced HCC cases.4,5 However, several other
systemic treatments are also available, and second-line and
further treatment options require further evidence. Sorafenib, a
multitarget tyrosine kinase inhibitor, is currently a second-line
treatment option in patients with HCC who progress after im-
mune checkpoint inhibitor therapy or it can be used first-line
when these treatments are unavailable or contraindicated.6

Although its role in HCC treatment moved from patients with
advanced stages to earlier stages in recent years, selective in-
ternal radiation therapy (SIRT) has been proposed as an alter-
native treatment option for patients with HCC with liver
dominant disease who are not candidates for curative treatments
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or cannot tolerate systemic therapies.6,7 Further evidence is
needed for treatment selection especially in advanced HCC.

The systemic inflammatory response has been shown to be
associated with the prognosis of various tumors.8 Platelet-to-
lymphocyte ratio (PLR) and neutrophil-to-lymphocyte ratio
(NLR) are the most commonly used systemic inflammatory
markers. Several studies have evaluated the prognostic value of
these markers in patients with HCC at various stages, and higher
PLR and NLR values have been shown to be negative prognostic
factors.9–11 However, most of these studies were retrospective
single-arm studies without a comparative treatment, and the
predictive value of these markers in the setting of advanced HCC
is yet to be defined.

In the randomized-controlled SORAMIC trial, the addition of
SIRT failed to improve survival compared to sorafenib mono-
therapy.12 This exploratory post hoc analysis of the per-protocol
population of the palliative arm of the SORAMIC trial aimed to
explore the predictive value of NLR and PLR in patients with
advanced HCC receiving sorafenib monotherapy or the combi-
nation of SIRT and sorafenib.
Table 1. Baseline characteristics.

Number %

All cohort 275 100
Sex (male) 240 87
Age (>65) 161 59
Cirrhosis 216 80
Portal vein invasion (yes) 125 45
HCC etiology

Hepatitis B 4 8.5
Hepatitis C 9 19.1
Alcohol 23 48.9

ECOG PS
0 188 68
1 84 31
Unknown 3 1

Child-Pugh
A 254 92
B 21 8

BCLC stage
A&B 82 30
C 192 70

Extrahepatic metastasis 60 22

ECOG PS, Eastern Cooperative Oncology Group performance status; HCC, hepato-
cellular carcinoma.
Patients and methods
Study population
SORAfenib in combination with local MICro-therapy guided by
gadolinium-EOB-DTPA-enhanced MRI (SORAMIC, EudraCT 2009-
012576-27, NCT01126645) is a prospective, phase II, randomized-
controlled study in patients with HCC that included three ther-
apeutic study arms. The study protocol was approved by the
competent authorities as well as the institutional review board,
and all patients gave written informed consent. The inclusion
and exclusion criteria for the SORAMIC trial have been described
previously.12 In summary, adult patients aged up to 85 years with
a diagnosis of HCC in the intermediate stage (BCLC B) or
advanced stage (BCLC C), preserved liver function (Child-Pugh
scores A to B7), and an ECOG PS (Eastern Cooperative Oncology
Group performance status) <−2 were eligible. Extrahepatic
metastasis was allowed if the disease was liver dominant and the
lungs were not involved.

A total of 424 patients were recruited to the SORAMIC trial
(intention-to-treat [ITT] population). 47.2% of the patients who
were randomized to the SIRT/sorafenib arm and 16.3% of the
patients randomized to the sorafenib arm did not receive allo-
cated treatment as prescribed by the study protocol. Of the 288
patients randomized within the per-protocol population of the
SORAMIC trial, 13 patients were excluded from this analysis due
to missing lymphocyte (n = 12) or neutrophil (n = 1) counts at the
time of randomization. The baseline characteristics of the study
population are listed in Table 1.

In the palliative arm of the study, patients with HCC were
randomized to sorafenib treatment either alone or combined
with SIRT. Patients were randomized in an 11:10 ratio to receive
either SIRT/sorafenib or sorafenib monotherapy. After randomi-
zation, patients in the sorafenib arm were started on treatment
at a dose of 200 mg twice daily. The dose was escalated to
400 mg twice daily after 1 week. Treatment was continued until
tumor progression or the emergence of a drug-related adverse
event requiring discontinuation. Patients underwent SIRT in a
lobar fashion using the semi-empiric BSA method for dosimetry.
In patients with bilobar disease, the second treatment was per-
formed 4–6 weeks after treating the disease-dominant liver lobe.
JHEP Reports 2024
Sorafenib treatment was initiated 3 days after the last SIRT
session.
Statistical analysis
All statistical analyses were performed using R statistical and
computing software, version 3.5.0 (http://www.r-project.org).
Categorical variables were reported as counts and percentages,
and continuous variables as means and standard deviations. The
median values of NLR and PLR were used to define subgroups.
The Kaplan-Meier method was used for estimates of overall
survival, and 1- and 2-year survival rates. The log-rank test was
used to compare survival groups. Cox regression models were
used to assess the effects of cofounding factors on overall sur-
vival. The interaction effect of PLR and NLR with treatment were
evaluated alone and adjusted with each other. Variables with a p
value of <0.1 in the univariable analyses were analyzed in
multivariable Cox regression models to explore prognostic fac-
tors of overall survival.
Results
In the ITT population, baseline NLR and PLR values were available
for 397 patients. When the ITT population was grouped ac-
cording to the median PLR (18.5) and NLR (2.84) values, there
was no difference in OS between SIRT/sorafenib and sorafenib
arms in patients with higher PLR values (12.5 vs. 11 months, p =
0.65) and with higher NLR values (9.9 vs. 8.7 months, p = 0.68).
Similarly, no significant survival difference was observed in pa-
tients with lower PLR values (12 vs. 13.4 months, p = 0.44) and
with lower NLR values (15.0 vs. 14.2 months, p = 0.91).

In the per-protocol population, 106 patients were randomized
to the SIRT/sorafenib arm, 169 patients to the sorafenib mono-
therapy arm (baseline characteristics are given in Table 1). By the
end of the study, 234 (85.1%) patients had died, and the median
overall survival was 12.4 months. As in the main trial (SORAMIC),
there was no significant difference in overall survival between
the two treatment arms (13.3 vs. 11.3 months, p = 0.33).
2vol. 6 j 100995
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The median PLR at baseline of the cohort was 26.5 (range, 1.6-
457.1), and the median NLR was 2.77 (range, 0.05-41.6). PLR was
a significant prognostic factor in the SIRT/sorafenib arm (p =
0.029) but not in the sorafenib arm (p = 0.382) or the overall
cohort (p = 0.495). Also, while NLR was a significant prognostic
factor in the overall cohort (p = 0.011) and sorafenib arm (p =
0.018), it was not significant in the SIRT/sorafenib arm (p = 0.15).

When the cohort was divided into two subgroups using the
median value of NLR, no significant difference was observed
between SIRT/sorafenib and sorafenib cohorts in patients with
NLR lower than 2.77 (15 vs. 13.4 months; hazard ratio [HR] 0.93,
95% CI, 0.63-1.4, p = 0.72; Fig. 1A). In patients with high NLR
values, there was no statistically significant difference in the
median overall survival between the SIRT/sorafenib cohort and
the sorafenib cohort (12.1 vs. 9.2 months; HR 0.79, 95% CI 0.55-
1.1, p = 0.21; Fig. 1B).

In patients with PLR lower than the median value, there was
no significant difference in overall survival between SIRT/sor-
afenib and sorafenib cohorts (11.3 vs. 12.9 months; HR 1.2, 95% CI
0.82-1.8, p = 0.35). However, in patients with a PLR higher than
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the median value, the SIRT/sorafenib cohort had significantly
longer overall survival than the sorafenib cohort (15.9 [14-21.4]
vs. 11 [9.2-14.3] months; HR 0.66, 95% CI 0.46-0.96, p = 0.029;
Fig. 2). The survival rates at 1 and 2 years were 66% (95% CI 55-
79%) vs. 47% (95% CI 37-60%) and 30% (95% CI 19-46%) vs. 18%
(95% CI 11-30%).

The interaction tests between inflammatory markers on
overall survival showed a statistically significant interaction for
PLR (p = 0.028), but not for NLR (p = 0.58). Similarly, PLR showed
a significant interaction after adjustment for NLR (p = 0.035), but
the interaction test was negative for NLR after adjustment for
PLR (p = 0.56).

In order to eliminate confounding variables, other clinical
parameters were analyzed in patients with a PLR higher than the
cut-off using univariable Cox regression analysis. Besides the
treatment arm, age (>65 years; HR 0.72, 95% CI 0.49-1.1, p =
0.088), Child-Pugh grade (HR 2.4, 95% CI 1.3-4.3, p = 0.006), and
alpha-fetoprotein (>400 mg/dl; HR 0.77, 95% CI 0.52-1.2, p =
0.076) had a p value of <0.1 (Table 2). In the multivariable anal-
ysis (Fig. 3), the SIRT/sorafenib arm (HR, 0., 95% CI, 0.44-0.96, p =
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Time form randomization, months

Median OS, months (95% CI) 
SIRT/sorafenib: 12.16 (9.9−16.1) 
Sorafenib: 9.2 (6.9−13.8) 
Log−rank test p  =  0.21

0.00

0.25

0.50

0.75

1.00

O
ve

ra
ll 

su
rv

iv
al

 p
ro

ba
bi

lit
y

Strata + +PP = SIRT/sorafenib PP = SorafenibB

PP = SIRT/sorafenib
PP = Sorafenib

N° at risk
57 35 10 4 2 1
81 34 11 4 2 0

++

+

+

+

+

++

+

++
+ +

+

+ + +

r than 2.77 and higher than 2.77. (A) NLR lower than 2.77 and (B) NLR higher
atio.

0 10 20 30 40 50
Time from randomization, months

++++
+++

+++

+
+

++

+

+

++

+
+

+

Median OS, months (95% CI) 
SIRT/sorafenib: 15.9 (14−21.4) 
Sorafenib: 11.0 (9.2−14.3) 
Log−rank test p = 0.029

0.00

0.25

0.50

0.75

1.00

O
ve

ra
ll 

su
rv

iv
al

 p
ro

ba
bi

lit
y

Strata + +PP = SIRT/sorafenib PP = Sorafenib

PP = SIRT/sorafenib
PP = Sorafenib

N° at risk
59 41 15 8 2 1
79 39 16 6 1 0

B

er than 26.5 and PLR higher than 26.5. (A) PLR lower than 26.5 and (B) PLR
cyte ratio.

3vol. 6 j 100995



Table 2. Univariable and multivariable analysis of factors associated with
overall survival in patients with high platelet-to-lymphocyte ratio.

Parameter

Univariable Cox regression
analysis

HR (95% CI) p value

Treatment arm (SIRT/Sorafenib) 0.66 (0.46-0.96) 0.03
Sex (male vs. female) 0.88 (0.49-1.6) 0.69
Age (>−65 vs. <65 years) 0.72 (0.49-1.1) 0.088
ECOG PS (1 vs. 0) 1.1 (0.77-1.7) 0.5
Cirrhosis 1.2 (0.79-2) 0.35
Portal vein invasion (yes vs. no) 0.94 (0.65-1.4) 0.74
Child-Pugh (B vs. A) 2.4 (1.3-4.3) 0.0062
Alcohol etiology (yes vs. no) 1.1 (0.78-1.6) 0.53
Hep B History (yes vs. no) 1.4 (0.71-2.8) 0.33
Hep C History (yes vs. no) 1.1 (0.66-1.7) 0.79
Extrahepatic metastasis 1.3 (0.86- 2.1) 0.2
AFP (<400 vs. >−400 ng/ml) 0.71 (0.48-1) 0.076
BCLC stage (B vs. C) 0.93 (0.63-1.4) 0.72

Bold type indicates statistical significance.
AFP, alpha-fetoprotein; ECOG PS, Eastern Cooperative Oncology Group performance
status; HR, hazard ratio.

Short communication
0.03) was significantly associated with overall survival, as well as
Child-Pugh grade B (HR 2.05, 95% CI 1.05-4, p = 0.036).
Discussion
In this post hoc analysis of the SORAMIC trial, PLR was a signif-
icant predictive factor for benefit from combination treatment
with SIRT in patients with HCC receiving sorafenib treatment.

Systemic inflammatory markers (NLR and PLR) are well-
known prognostic factors associated with poor survival in
various cancer types.8,11 In patients with HCC treated with sur-
gical resection, liver transplantation, locoregional therapies, SIRT,
AFP
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sorafenib, or immune checkpoint inhibitors, these markers have
been shown to correlate with worse prognosis.9–11,13,14 However,
due to the lack of a control arm in these studies, the predictive
value of NLR and PLR could not be evaluated. A prognostic factor
is a marker that correlates with the course of the disease inde-
pendent of the therapy; however, a predictive factor indicates a
specific subgroup with a high likelihood of benefiting from a
particular treatment. Thus, the evaluation of predictive factors is
usually done in post hoc analyses of randomized-controlled trials.
The predictive value of NLR has been evaluated in the combined
analysis of SHARP and Asia-Pacific trials.15 This analysis identi-
fied a significant benefit from sorafenib treatment in patients
with HCC with low NLR (median overall survival, 426 vs. 302
days). However, in patients with high NLR values, the median
overall survival of patients treated with sorafenib or placebo was
similar (173 vs. 152 days; HR 0.84, 95% CI 0.66-1.05). These re-
sults indicate treatment resistance to tyrosine kinase inhibitors
in patients with higher levels of inflammation. Similarly, in pa-
tients with advanced-stage HCC treated with ramucirumab,
treatment benefit was observed in patients with low NLR, while
no response was observed in patients with high NLR.16 To date,
according to our knowledge, the predictive value of PLR in pa-
tients with HCC has not been evaluated.

Unlike NLR, PLR is also correlated with the liver function of the
patient. By incorporating the platelet count into the ALBI (albu-
min-bilirubin) score, the PALBI score has recently been described
toaccount for theeffectof portal hypertension. ThePALBI scorehas
been shown to be a prognostic factor in different stages of HCC17

and superior to the ALBI score in terms of prognosis prediction.18

Within recent years, several systemic agents have been proven
to be effective in patients with advanced HCC.4,19,20 Although
immune checkpoint inhibitors are the first-line treatment, the
sequence of second-line treatments is still being determined.6
0.203

0.036 *

0.103

0.03 *

1 2

 ratio

n 26.5 (multivariable Cox regression analysis). SIRT/sorafenib arm (p = 0.03)
val. PLR, platelet-to-lymphocyte ratio; SIRT, selective internal radiation therapy.
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Tyrosine kinase inhibitors are accepted as the second-line treat-
ment in patients who progressed after immune checkpoint in-
hibitors. Also, they are still used first-line in patients with
contraindications to immune checkpoint inhibitors. Several trials
to assess second or further line treatments are ongoing or in the
planning stage. Our study shows the benefit of using
inflammatory-based markers in patient stratification. Further-
more, when there is no clear evidence for treatment selection in
clinical decision-making,we suggest that combination treatments
should be advocated in patients with higher PLR values.

Our study has some limitations. First, this was a post hoc
analysis which resulted in a relatively limited sample size in
some subgroups. That might be the reason behind the lack of
statistical significance in the NLR high subgroup. Second, this
study only evaluated patients in the per-protocol population.
Similar to other trials on SIRT, there was considerable crossover,
mainly from the SIRT/sorafenib arm, of patients who were not
able to receive the allocated treatment. In addition to this, some
patients did not receive sorafenib treatment after SIRT sessions.
This situation is probably the reason for the missing survival
difference between subgroups in the ITT population. Although
focusing on the per-protocol population brings a potential limi-
tation of excluding rapid progressor patients in the SIRT/
JHEP Reports 2024
sorafenib arm, survival analysis showed a statistically significant
difference between treatment arms at 1 and 2 years in patients
with high PLR values. Third, described cut-off values have not
been externally validated and differ from previously reported
cut-off values for NLR and PLR. However, the slight difference
results from the inclusion of patients with relatively preserved
liver function (Child-Pugh up to B7) in the trial, unlike the re-
ported retrospective studies. Also, owing to the inclusion criteria
and low number of patients in some subgroups, some known
prognostic factors were not statistically significant in our anal-
ysis. Besides, liver function was evaluated in terms of Child-Pugh
grade, and laboratory parameters were not assessed separately.
Probably owing to dilution attributable to their predictive value,
PLR and NLR were not significant prognostic factors in all
treatment groups. Nevertheless, our study is the first to prove
the predictive value of PLR in patients receiving sorafenib
treatment for advanced HCC in a Western cohort from a multi-
center randomized trial.

In conclusion, systemic inflammatory markers, especially PLR,
may be used to identify patients who would benefit from com-
bination treatments. Further analyses on the potential role of PLR
as a predictive factor are warranted in further prospective trials,
especially when tyrosine kinase inhibitors are being evaluated.
Abbreviations
HCC, hepatocellular carcinoma; NLR, neutrophil-to-lymphocyte ratio;
PLR, platelet-to-lymphocyte ratio; SIRT, selective internal radiation
therapy.
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