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Abstract

Objectives To investigate the predictive value of quantifiable imaging and inflammatory biomarkers in patients with hepatocel-

lular carcinoma (HCC) for the clinical outcome after drug-eluting bead transarterial chemoembolization (DEB-TACE) measured

as volumetric tumor response and progression-free survival (PFS).

Methods This retrospective study included 46 patients with treatment-naive HCC who received DEB-TACE. Laboratory work-

up prior to treatment included complete and differential blood count, liver function, and alpha-fetoprotein levels. Neutrophil-to-

lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) were correlated with radiomic features extracted from pretreat-

ment contrast-enhanced magnetic resonance imaging (MRI) and with tumor response according to quantitative European

Association for the Study of the Liver (QEASL) criteria and progression-free survival (PFS) after DEB-TACE. Radiomic features

included single nodular tumor growth measured as sphericity, dynamic contrast uptake behavior, arterial hyperenhancement, and

homogeneity of contrast uptake. Statistics included univariate and multivariate linear regression, Cox regression, and Kaplan—

Meier analysis.

Results Accounting for laboratory and clinical parameters, high baseline NLR and PLR were predictive of poorer tumor response

(p=0.014 and p = 0.004) and shorter PFS (p =0.002 and p <0.001). When compared to baseline imaging, high NLR and PLR

correlated with non-spherical tumor growth (p =0.001 and p <0.001).

Conclusions This study establishes the prognostic value of quantitative inflammatory biomarkers associated with aggressive non-

spherical tumor growth and predictive of poorer tumor response and shorter PFS after DEB-TACE.

Key Points

 In treatment-naive hepatocellular carcinoma (HCC), high baseline platelet-to-lymphocyte ratio (PLR) and neutrophil-to-

lymphocyte ratio (NLR) are associated with non-nodular tumor growth measured as low tumor sphericity.

* High PLR and NLR are predictive of poorer volumetric enhancement-based tumor response and PFS after DEB-TACE in HCC.

* This set of readily available, quantitative immunologic biomarkers can easily be implemented in clinical guidelines providing a
paradigm to guide and monitor the personalized application of loco-regional therapies in HCC.
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Abbreviations and acronyms

AFP Alpha-fetoprotein

ALC Absolute lymphocyte count
ALT Alanine aminotransferase
ANC Absolute neutrophil count

AP Alkaline phosphatase

AST Aspartate aminotransferase

BCLC Barcelona Clinic Liver Cancer

DEB Drug-eluting bead

ETB Enhancing tumor burden

HCC Hepatocellular carcinoma

HIPAA Health Insurance Portability and
Accountability Act

LI-RADS Liver Imaging Reporting and Data System

NLR Neutrophil-to-lymphocyte ratio

PFS Progression-free survival

PLR Platelet-to-lymphocyte ratio

qEASL Quantitative European Association for the
Study of the Liver

TACE Transarterial chemoembolization

TB Tumor burden

TME Tumor microenvironment

TTV Total tumor volume

VEGF Vascular endothelial growth factor

Introduction

Hepatocellular carcinoma (HCC) is the sixth most com-
mon cancer with continuously increasing incidence rates
worldwide [1]. The majority of patients with HCC are
diagnosed at intermediate to advanced disease stages
and are thus no longer amenable to curative therapies
[2]. In this setting, intra-arterial therapies, such as transarterial
chemoembolization (TACE), are guideline-approved treat-
ments [3, 4]. The Barcelona Clinic Liver Cancer (BCLC)
classification is currently endorsed as the standard system
for the management of HCC by leading cancer society guide-
lines, e.g., the European Association for the Study of Liver [5,
6]. BCLC criteria inform treatment decisions and estimate
prognosis based on tumor manifestation, performance status,
and liver function [7, 8]. However, one of the main limitations
of the BCLC system involves treatment indication for TACE
in the intermediate stage (B), which includes a considerably
heterogeneous patient population with varying degrees of tu-
mor extension, liver functional reserve, and disease etiology,
that results in heterogeneous therapeutic efficacy within the
same BCLC stage [9].

One of the reasons why BCLC stages comprise a hetero-
geneous patient population may be the manual assessment of
tumor manifestation, which is limited to unidimensional mea-
surements or a qualitative nature [10]. Thus, there is a clinical
need to identify image analysis strategies with high accuracy
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and robust diagnostic performance in order to overcome those
limitations. In this context, radiomic feature analysis has re-
cently been introduced to enable automated, objective, and
quantitative lesion characterization derived from a pixel-by-
pixel analysis [11].

In addition to imaging features, the complex and adaptive
nature of HCC and its interplay with the tumor microenviron-
ment (TME) cause a high degree of heterogeneity between
tumors and potentially play a critical role in susceptibility of
cancer cells to nonsurgical therapies including TACE [12].
Specifically, chronic liver diseases are hypothesized to gener-
ate a pro-inflammatory environment allowing for hepatic tu-
mor formation and progression [12—15]. While tumor-
infiltrating lymphocytes are part of the anti-tumoral inflamma-
tory response, neutrophils and high platelet count suppress
anti-tumoral immune cell function and promote
neoangiogenesis by secretion of vascular endothelial growth
factor (VEGF) [16, 17]. Thus, inflammatory ratios such as
neutrophil-to-lymphocyte (NLR) and platelet-to-lymphocyte
(PLR) can potentially serve as quantitative biomarkers for
individual tumor characterization that have been linked with
tumor angiogenesis, immune evasion, and metastatic disease
[18, 19].

Therefore, this study aimed to assess the correlation of
quantifiable imaging and inflammatory features and to eluci-
date their prognostic value for the clinical outcome in HCC
after drug-eluting bead (DEB)-TACE measured as volumetric
tumor response and progression-free survival (PES).

Material and methods
Study cohort

This Health Insurance Portability and Accountability Act of
1996 (HIPAA)-compliant, retrospective study was approved
by the Institutional Review Board. Informed consent was
waived. All tumors included in the analysis were histopatho-
logically proven to be HCC or diagnosed using Liver Imaging
Reporting and Data System v2018 (LI-RADS; [20]). Baseline
contrast-enhanced MRI had to be within 4 months prior to
treatment, and the first follow-up contrast-enhanced MRI
had to be within 3 months after treatment for patients to be
included. In total, 46 patients with 50 treatment-naive HCC,
who received DEB-TACE between 2012 and 2018, were in-
cluded. Figure 1 illustrates the patient selection process and
methodological workflow.

Drug-eluting bead TACE procedure
Patients were treated with DEB-TACE using bead sizes of

40-90 um (n=1), 70150 um (n=25), 100-300 um (n=
18), and 300500 um (n=2) (LC Bead, Boston Scientific).
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Fig. 1 Study workflow and
exclusion criteria. AFP, alpha-

284 Patients with HCC treated with DEB-TACE between 06/2012 and 04/2018
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Clinic Liver Cancer; BL, base-
line; CBC, complete blood count;
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For the treatment, trans-femoral access was gained, and a
catheter was advanced into the coeliac axis for digital subtrac-
tion angiography. Then, a microcatheter was placed into a
segmental or subsegmental hepatic artery branch for adminis-
tration of up to 4 mL of DEBs (loaded with 25 to 37.5 mg of
doxorubicin per mL beads).

Laboratory values

Laboratory reports from all patients within 2 months prior
to DEB-TACE were reviewed for complete and differen-
tial blood counts, alpha-fetoprotein, and liver function
tests. Platelet count, absolute neutrophil count (ANC), ab-
solute lymphocyte count (ALC), NLR, PLR, alpha-
fetoprotein (AFP), alkaline phosphatase (AP), aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
and bilirubin were included in the analysis. For Kaplan—
Meier analysis, NLR and PLR were divided into low and
high values according to the mean NLR and PLR within
the study cohort.

Magnetic resonance imaging acquisition

All patients received MR imaging of the liver before (median,
1.44; range, 0.06-3.56 months) and 1 month (median, 1.21;
range, 0.72-2.33 months) after DEB-TACE. Scans were ac-
quired according to the standardized institutional protocol.
Briefly, MRI was performed on a 1.5-T MR unit
(Magnetom Avanto; Siemens) using a phased-array torso coil.

The protocol included breath-hold unenhanced and contrast-
enhanced (0.1 mmol/kg intravenous Dotarem; Guerbet) T1-
weighted imaging in the hepatic arterial, portal venous, and
delayed phase (20, 70, and 180 s after contrast
administration).

MR image data analysis
Volumetric image analysis

Up to two dominant tumors were determined on baseline im-
aging as the largest lesions and included in the analysis.
Included tumors were required to be pathologically proven
or meet LI-RADS criteria. The dominant tumors were volu-
metrically segmented on the arterial-phase T1-weighted base-
line and follow-up MRI and total tumor volume (TTV) was
calculated.

The software-based 3D “quantitative European
Association for the Study of the Liver” (qEASL) tool
(IntelliSpace Portal, version 8, Philips Healthcare) was used
to calculate the enhancing tumor volume (ETV in cm?®) prior
to treatment as previously described [21]. In addition, the en-
tire liver was segmented and the total (TB) and enhancing
tumor burden (ETB) were assessed.

In order to assess volumetric tumor response, changes of
the enhancing tumor diameter and ETV between baseline and
follow-up imaging were calculated and interpreted according
to the established response criteria including modified
Response Evaluation Criteria In Solid Tumors (mRECIST)
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and qEASL criteria. Response was categorized as complete
and partial response, stable, and progressive disease, objective
and nonobjective response (OR, non-OR) [21].

Quantitative radiomics approach based on tumor
morphology and histogram analysis

Tumor features extracted in Python 3.6.5 (Python Software
Foundation) using the open-source package Pyradiomics were
used to describe macroscopic appearance of lesions [22].
First-order statistics based on the distribution of voxel inten-
sities contained in the delineated tumor masks were calculated
for all multiphasic MRI scans. Additionally, features descrip-
tive of the tumor shape were used. For the sake of clinical
interpretability, features of higher order were not employed.
Clinically useful and comprehensible imaging features that
represent pathophysiological tumor characteristics were cho-
sen for further analysis and these are tumor sphericity as an
indicator of single nodular tumor growth, difference between
the mean gray levels of the noncontrast and arterial phase as
arterial hyperenhancement, difference between the mean gray
levels of the arterial and venous phase as contrast enhance-
ment dynamics, arterial kurtosis indicative of a necrotic core,
and arterial variance reflecting inhomogeneous contrast up-
take behavior.

Statistical analysis

Descriptive results are reported as absolute and relative fre-
quency (n and %), mean and standard deviation (SD), or me-
dian and range.

To assess independent predictors of tumor response to
DEB-TACE, a three-step approach was used including
univariable and multivariable linear regression. First, parame-
ters that correlated with response to DEB-TACE in the uni-
variate analysis (p value <0.1) were amenable for inclusion in
the multivariable linear regression model. Second, to avoid
overfitting of the multivariable linear regression model, vari-
ables were further limited up to a maximum of four covariates
based on the total number of included patients being n =46.
This selection of variables was performed according to an
established stepwise forward selection algorithm [23].
Ultimately, only the variables with the strongest effect on
the outcome were included into the multivariable regression
model. As NLR and PLR both take into account lymphocyte
count, two separate multivariable linear regression models
were created for NLR and PLR, respectively [23].

For the correlation of baseline tumor imaging features with
immunologic ratios, a linear regression model was used.

Overall and progression-free survival (OS and PFS) were
measured. Overall survival was defined as the time from ini-
tial treatment using DEB-TACE to the date of death. PFS was
used for analysis. Survival analysis comprised multivariable
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Cox regression reported as hazard ratio and 95% confidence
interval (CI) and subsequent Kaplan—Meier analysis using
log-rank testing. Two separate models were created for NLR
and PLR, applying TB and Child—Pugh class as covariates, as
they are considered clinical relevant influencing factors for
PFS [24, 25].

A two-sided p value < 0.05 was considered statistically sig-
nificant. Statistical analyses were performed using SPSS
(v25.0, IBM Corp.) and GraphPad Prism (v7.00).

Table 1  Baseline patient characteristics
Demographics N (%)
Patient characteristics
Number of patients 46 (100)
Age (years), mean + SD 64.44+9.66
Male/female 37/9 (80.43/19.57)
Ethnicity
Caucasian 31 (67.39)
African-American 8 (17.39)
Hispanic 5(10.87)
Asian 2 (4.35)
Disease characteristics
HCC proof
Biopsy/explant 15 (32.61)
LI-RADS 31(67.39)
Etiology of cirrhosis
Hepatitis B 2 (4.35)
Hepatitis C 18 (39.13)
Alcoholic steatohepatitis 18 (39.13)
Nonalcoholic steatohepatitis 7 (15.22)
Unknown 1(2.17)
Child-Pugh class
A 28 (60.87)
B 15 (32.61)
C 3(6.52)
Eastern Cooperative Oncology Group performance status
0 31(67.39)
>1 10 (21.74)
Unknown 5(10.87)
Barcelona Clinic Liver Cancer stage
A 8 (17.39)
B 14 (30.43)
C 6 (13.04)
N/A 18 (39.13)
Unifocal/multifocal 16 (34.78)/30 (65.22)
Tumor diameter, mean + SD 3.83+2.09
Main portal vein thrombosis 6 (13.04)

HCC, hepatocellular carcinoma; LI-RADS, Liver Imaging Reporting and
Data System; SD, standard deviation
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Results
Study population

The baseline characteristics of the patient population are present-
ed in Table 1. Briefly, the study population comprised 37 males
(80.43%) and 9 females (19.57%) with a mean age of 64.44 +
9.66 years. Of 50 included tumors, 15 were pathologically proven
(32.61%) and 31 tumors met LI-RADS v2018 criteria (67.39%).
Median follow-up time was 12.52 months (range 0.97-46.24).

Descriptive results of the baseline laboratory values are
displayed in Supplemental Table 1 and descriptive results
of the quantitative image analysis are shown in
Supplemental Table 2. Tumor response rates according to
mRECIST and qEASL are displayed in Supplemental
Table 3. Correlation of baseline laboratory values with
baseline tumor features is displayed in Supplemental
Table 4. After the follow-up imaging, which was used for
response assessment, 16 patients (34.78%) received TACE,
6 patients (13.04%) received radiofrequency ablation, 5 pa-
tients (10.87%) underwent liver transplant, and 1 patient
(2.17%) received radioembolization with yttrium-90.

Regarding OS, 14 patients died and 32 were censored.
As 32 patients were censored, median OS was undefined.
Progression-free survival was defined as the time from ini-
tial DEB-TACE to the date of death or progression by
means of mRECIST. According to institutional standard
operating procedures, follow-up imaging was obtained ev-
ery 2—3 months. At the end of follow-up (November 2018),
22 (47.83%) patients had tumor progression and 7
(15.22%) had died. A total of 19 (41.3%) patients were
censored. Of those 19 patients, 7 were lost to follow-up,
4 were still alive without tumor recurrence, 3 had under-
gone liver transplant, 3 had loco-regional treatments of the
index tumor, and 2 had another TACE of the index tumor.
Median PFS was 12.77 months. According to the Kaplan—
Meier curve, 1-year PFS was 53.346%, 2-year PFS was
27.661%, and 3-year PFS was 27.661%.

Correlation of laboratory biomarkers, baseline tumor
imaging features, and tumor response after DEB-
TACE

Regarding volumetric and enhancement-based tumor charac-
teristics, AFP correlated with TB and ETB (p =0.001 and
p<0.001). As for the immunologic laboratory values, ANC
correlated with TB but not with ETB (p =0.003 and p =0.1).
NLR and PLR did not correlate with TB (»p =0.102 and p =
0.249) or ETB (p =0.771 and p = 0.858).

However, a linear regression of shape-based sphericity
with immunologic markers revealed that NLR and PLR
correlated inversely with sphericity (R*=0.230 and p =
0.001, R*=0.271 and p<0.001, respectively).
Specifically, tumors with a high level of sphericity indicat-
ing single nodular tumor growth revealed lower NLR and
PLR than nonspherical tumors (Figs. 2 and 4). Arterial
hyperenhancement (p =0.144 and p =0.337), contrast en-
hancement dynamics (p =0.59 and p = 0.988), arterial kur-
tosis (p=0.703 and p =0.812), and heterogeneity of con-
trast uptake (p =0.937 and p = 0.843) did not show signif-
icant correlations with NLR and PLR.

The baseline tumor imaging features TTV, ETV, TB, and
ETB were tested regarding differences in OR and non-OR and
the results are displayed in Table 2.

Correlation of baseline immunologic markers and
tumor response after DEB-TACE

Baseline laboratory and patient-related parameters were com-
pared regarding OR and non-OR in Table 2. NLR and PLR
distribution in each response category was compared in
Table 3. In the present cohort, NLR and PLR were both asso-
ciated with tumor response in a univariable linear regression
model (p=0.004 and p=0.001) (Figs. 3 and 4). After
adjusting for TB, Child—Pugh class, and AP in the multivari-
able linear regression analysis, high NLR (p=0.014, R* =
0.616) and PLR (p=0.004, R?=0.639) were still

Fig. 2 Linear regression of tumor a b

sphericity on baseline imaging 600-

and inflammatory markers prior 124 . R?=0.230 R?=0.271
to treatment. This graph . P =0.001 . P <o0.001
demonstrates that more single 104

nodular growth patterns of 8-

tumors, measured as increased 5

tumor sphericity, correlate with =z 61

low (a) neutrophil-to-lymphocyte 4-

ratio (NLR) (p =0.001) and (b)

platelet-to-lymphocyte ratio 24

(PLR) (p <0.001) 0

Sphericity

Sphericity
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Fig. 3 Linear regression of
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independently associated with worse tumor response accord-
ing to qEASL (Table 4). There was no significant difference in
tumor response between patients treated with different DEB
sizes (Table 2, p =0.845). CR, complete response; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio; PR, partial response; qEASL, quantitative European
Association for the Study of the Liver; SD, stable disease

Correlation of baseline immunologic markers and
progression-free survival after DEB-TACE

According to the multivariable Cox regression model, PFS
was significantly reduced in patients with high NLR (hazard
ratio=1.31, p=0.002, CI 1.10-1.56) or high PLR (hazard
ratio=1.013, p<0.001, CI 1.01-1.02) when adjusted for TB
and Child—Pugh class (Table 5).

When stratified according to mean NLR, low NLR was not
associated with longer PFS (p =0.075). However, stratifica-
tion according to mean PLR revealed significantly longer PFS

Fig. 4 Representative examples
of HCC lesions with low (a) and
high (b) tumor sphericity as
assessed using radiomics feature
analysis on baseline MRI. While
low tumor sphericity indicative of
extranodular and aggressive
tumor growth (a) was associated
with higher PLR, well-defined
tumors with high sphericity (b)
were associated with lower PLR.
Additionally, patients with high
PLR (a) revealed poorer tumor
response after DEB-TACE (c,
stable disease) as compared to
patients with low PLR (d, partial
response). White arrows indicate
tumors
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in patients with low PLR compared to patients with high PLR
(p<0.001) (Fig. 5).

Discussion

The main finding of this study is that quantitative immuno-
logic biomarkers at baseline can predict volumetric
enhancement-based tumor response to DEB-TACE and PFS
in treatment-naive patients with HCC. Additionally, systemic
inflammation prior to treatment was associated with quantita-
tive imaging features indicative of aggressive tumor growth.
Over the past decade, the complex nature of tumors and
their reciprocal interactions with the surrounding TME have
been increasingly recognized to be of critical importance for
the regulation of carcinogenesis [12, 26]. As the majority of
HCC develop in chronically inflamed cirrhotic livers, HCC is
particularly remarkable with regard to the interaction of cancer
cells with the immune system [27, 28]. The TME comprises a
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Table2  Comparison of patients with OR and non-OR regarding tumor features, lab values, BCLC stage, CP class, tumor location, and DEB sizes
Non-OR (N=19) OR (N=27) p value

Tumor features TTV 64.95+88.16 33.54+51.78 0.175
ETV 37.85+53.55 23.3+25.55 0.282
B 3.830+5.04 1.69+2.12 0.099
ETB 2.28+3.20 1.21+1.11 0.174

Lab values WBC 6.17£2.79 45+1.92 0.02
Platelet count 151.21+74.44 89.96 £49.58 0.004
ANC 3.89+2.21 2.72+1.35 0.03
ALC 1.34+0.86 1.23+0.73 0.639
NLR 4.14+3.39 2.57+1.56 0.072
PLR 150.02+121.88 87.12+56.95 0.023
AP 134.95+£78.29 12448 £49.11 (N=25) 0.59
AST 49.89 +24.09 66.2+50.19 (N=25) 0.199
ALT 38.63+27.07 47776 +£27.29 (N=25) 0.276
Bilirubin (total) 0.87+0.64 1.21+£0.82 (N=25) 0.143
AFP 4969.62 +15,485.83 (N=13) 516.37+1610.35 (N=21) 0.322
BCLC A/B+C+D 4/15 7/20 0.703
CP A/B+C 13/6 15/12 0.379
Tumor located in the right/left lobe 15/4 21/6 0.925
DEB sizes 40-90, 70-150/100-300, 300-500 pum 10/9 15/12 0.845

AFP, alpha-fetoprotein; ALC, absolute lymphocyte count; AL7, alanine aminotransferase; ANC, absolute neutrophil count; AP, alkaline phosphatase;
AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver Cancer; CP, Child-Pugh; DEB, drug-eluting bead; ETB, enhancing tumor burden; ETV,
enhancing tumor volume; NLR, neutrophil-to-lymphocyte ratio; Non-OR, nonobjective response; OR, objective response; PLR, platelet-to-lymphocyte
ratio; 7B, tumor burden; 77V, total tumor volume; WBC, white blood count

set of specialized stromal cells including immune cell popula-
tions of variable composition and activity [29]. Specifically,
chronic liver diseases are hypothesized to generate a pro-
inflammatory milieu, which enables tumor formation and pro-
gression and potentially plays a critical role in the resistance of
liver cancer cells to treatment [12—15]. Therefore, chronic in-
flammation and evasion from anti-tumoral immune response
have been introduced as emerging hallmarks of cancer, which
promote invasive tumor growth and foster several other hall-
marks that ultimately contribute to a poor clinical outcome [26].

However, given the biological heterogeneity in HCC and
its TME that hampers an accurate prognosis and treatment
success, new biomarkers are needed that can measure the im-
pact of the individual immune system activity on cancer
growth patterns and susceptibility to loco-regional treatments.

Table 3

Therefore, this study investigated the prognostic value of the
baseline inflammatory ratios, NLR and PLR, measured in pe-
ripheral blood samples as biomarkers for clinical outcome
after DEB-TACE. In particular, high NLR and PLR were
predictive of worse volumetric enhancement-based tumor re-
sponse (p =0.014 and p = 0.004) and significantly shorter PFS
after DEB-TACE (p=0.002 and p <0.001). Kaplan—Meier
analysis revealed a cutoff value of mean PLR of 113.1, which
significantly separates patients’ PFS stratified according to
PLR (p =0.001). However, mean NLR did not achieve signif-
icant separation of the PFS curves (p =0.477).

Several studies have investigated the interaction between
inflammation and tumor biology prior to treatment, trying to
explain possible ways of immunosuppression based on the
presence of neutrophils [30]. First, a high number of

Mean and median NLR and PLR per response category according to gEASL

PD (N=2) SD (N=17)

PR (N=27) CR

NLR 10.2 £+ 3.11 (range 8-12.4)

3.42 + 2.67 (median 2.37, range 0.93—-11)

2.57 £ 1.56 (median 2.5, range 0.9-8.83) -

PLR 351.57 £ 20.41 (range 337.14-366) 126.31 + 104.93 (median 114.94, range 50.67-520) 87.12 £ 56.95 (median 75, range 26.32-266.2) —

CR, complete response; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-tolymphocyte ratio; PR, partial response; gEASL, quantitative European

Association for the Study of the Liver; SD, stable disease
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Table 4  Three-step approach; this table shows the univariable and multivariable linear regression analysis of the association between NLR and PLR
and tumor response according to qEASL, adjusting for Child—Pugh class, tumor burden, and alkaline phosphatase

Univariable Multivariable analysis
analysis
p value Unstandardized SE Standardized p value 95% C1
coefficient beta coefficient beta
NLR
Child-Pugh class A vs B+C 0.1 —58.39 19.15 -0.31 0.004 -97.12 —19.66
TB (%) 0.001 7.39 2.62 0.29 0.008 2.09 12.70
AP (U/L) <0.001 0.74 0.16 0.49 <0.001 042 1.05
NLR 0.003 9.98 3.86 0.27 0.014 2.17 17.80
PLR
Child-Pugh class A vs B+C 0.1 —58.14 18.50 -031 0.003 —95.56 —20.73
TB 0.001 7.94 2.51 0.32 0.003 2.87 13.01
AP <0.001 0.67 0.16 0.45 <0.001 0.35 0.99
PLR 0.001 0.32 0.10 0.32 0.004 0.11 0.53

AP, alkaline phosphatase; CI, confidence interval; NLR, neutrophil-tolymphocyte ratio; PLR, platelet-to-lymphocyte ratio; qEASL, quantitative European

Association for the Study of the Liver; SE, standard error; 7B, tumor burden

neutrophils have been shown to suppress the activation and
cytolytic anti-tumoral activity of lymphocytes and natural kill-
er cells [31]. Second, secretion of VEGF by neutrophils in the
peritumoral stroma of HCC was shown to promote
neoangiogenesis, ultimately facilitating tumor growth [16].
Similar to neutrophils, high platelet count stimulates angio-
genesis and tumor proliferation by enhanced secretion of
growth factors including VEGF, platelet-derived growth fac-
tor, and platelet-derived serotonin [17, 32, 33].
Subsequently, it was shown that immunologic ratios such
as NLR and PLR can be applied as predictors of microvascu-
lar invasion on histopathology [34-36]. These inflammatory
markers have been previously reported to correlate with over-
all survival and tumor progression in various tumor entities
[19, 35, 37]. In patients with HCC, inflammatory markers
were correlated with tumor recurrence and overall survival
after loco-regional therapy or liver transplant [18, 35,
38-43]. Liu et al showed that high NLR combined with as-
partate aminotransferase-to-alanine aminotransferase ratio

was independently associated with worse overall survival in
patients with HCC after TACE [38]. Moreover, Nicolini et al
reported that PLR > 150 is an independent predictor of tumor
recurrence after TACE [42]. Regarding other tumor entities,
several studies showed that high PLR is associated with an
increased rate of lymphnodal metastases in colorectal and cer-
vical cancer [44, 45]. On the contrary, tumor-infiltrating T
lymphocytes can recognize tumor-associated antigens and
trigger anti-tumor immune response [29]. Thus, T cell-
inflamed tumors are commonly referred to as “hot tumors”
that are more susceptible to immunomodulatory treatment
compared to “cold” tumors without significant T cell infil-
tration [46]. While high lymphocyte counts are associated
with a better prognosis and improved survival in HCC, low
lymphocyte counts, in turn, are predictors of a poor clinical
outcome, particularly if combined with high neutrophils or
platelets [40, 42, 47]. One possible explanation for the
positive prognostic effect of lymphocytes is that the infil-
tration of T lymphocytes in the TME may be secondary

Table 5 Cox regression of NLR

and PLR with the outcome of B SE p value Exp(B) 95% CI1

PFS, adjusting for Child—Pugh

class and tumor burden NLR
Child-Pugh class A vs B+C —0.69 0.41 0.09 0.50 0.23 1.11
TB 0.001 0.05 0.99 1.00 0.91 1.11
NLR 0.27 0.09 0.002 1.31 1.11 1.56

PLR

Child-Pugh class A vs B+C -0.61 0.41 0.135 0.54 0.24 1.21
TB 0.02 0.05 0.66 1.02 0.927 1.13
PLR 0.01 0.00 <0.001 1.01 1.01 1.02

CI, confidence interval; NLR, neutrophil-to-lymphocyte ratio; PFS, progression-free survival; PLR, platelet-to-
lymphocyte ratio; SE, standard error; 75, tumor burden
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Fig. 5 a, b Kaplan—Meier analysis of NLR and PLR with PFS. a Patients
with low NLR (separated by the mean of 3.22) did not demonstrate
significant longer PFS compared to patients with high NLR (12.17 and

due to tumor biology with lower ability for tumor progres-
sion [48]. In turn, the imbalance of high neutrophils or
platelets with low lymphocyte count was significantly in-
versely associated with a single nodular tumor growth pat-
tern on MRI in this study (»p =0.001 and p <0.001), con-
sistent with literature suggesting single nodular tumor
growth being less aggressive with lower rates of metasta-
ses, portal vein invasion, and longer overall survival [49].

Innovations in anti-cancer strategies focus on immunother-
apeutic interventions that aim at lowering the barrier of immu-
nosuppression and restoring the resources of the immune sys-
tem against cancer cells [13, 50]. Additionally, TACE has
been investigated for its potential to affect the immunological
response to the tumor in a possibly favorable way by system-
ically exposing tumor antigens to the immune system [51].
This may boost the local immune cell recruitment and infiltra-
tion in an otherwise immune-compromised TME, which built
the basis for ongoing clinical trials to investigate potentially
synergistic effects of TACE combined with immune check-
point inhibitors (NCT03143270) [52, 53].

However, TACE-induced ischemia may also exacerbate
tumor hypoxia and acidosis which hamper immune cell
activity and may explain heterogeneous response rates to
previously tested combination therapy regimens [54-57].
These mechanisms may ultimately represent a substantial
clinical barrier for a broad and effective application of im-
munotherapies in liver cancer, both taken alone or in com-
bination with TACE, making patient selection for such
therapies a key issue.

Thus, there is currently a clinical need to develop reliable
instruments for the functional characterization and live
monitoring of the systemic immunological status prior to
therapy to assess susceptibility and predict tumor response
to loco-regional therapies [58]. Therefore, this study was
tailored toward achieving a high level of clinical relevance
and applicability by establishing the prognostic value of
readily available laboratory markers to predict response to
DEB-TACE and PFS in HCC. Additionally, the herein

5.51 months, p =0.187). b Patients with low PLR (< 113.1) showed lon-
ger PFS than patients with high PLR (15.5 and 5.51 months, p < 0.001).
Dotted lines indicate the median PFS of the respective group

tested laboratory biomarkers may help refine available stag-
ing systems and identify those HCC patients who will ben-
efit from immuno-oncologic and loco-regional therapies
such as TACE.

This study has some limitations. First, due to the retrospec-
tive design of the study, the number of patients was limited
and a range of time points for image acquisition and laboratory
values as well as various bead sizes were included. However,
the impact of bead size on the clinical outcome was tested and
did not show significant effects. In order to account for the
prior limitations, the inclusion criteria were strictly defined
and only treatment-naive HCC was included into the analysis
that was definitely diagnosed by histopathology or LI-RADS
v2018 criteria. Although the majority of patients in this study
was classified as BCLC B with maintained liver function,
variability in TB and Child—Pugh class was accounted for by
utilizing a multivariable linear regression model to assess the
predictive value of immunological markers, which was adjust-
ed for TB and Child—Pugh class. Due to the retrospective
design of the study and thus small size of the cohort, the linear
regression investigating the effect of the inflammatory ratios
on tumor response (shown in Fig. 3) is weak and relies on few
patients.

In conclusion, this study demonstrated the feasibility and
validated the prognostic value of readily available immuno-
logic scores for the prediction of volumetric enhancement-
based tumor response and PFS after DEB-TACE. This set of
biomarkers can easily be implemented in clinical practice pro-
viding a paradigm to guide and monitor the personalized ap-
plication of loco-regional therapies with the ultimate goal of
improving clinical outcome in HCC patients.
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