
cancers

Article

Early Change in the Plasma Levels of Circulating
Soluble Immune Checkpoint Proteins in Patients
with Unresectable Hepatocellular Carcinoma Treated
by Lenvatinib or Transcatheter
Arterial Chemoembolization

Naoshi Odagiri, Hoang Hai, Le Thi Thanh Thuy, Minh Phuong Dong, Maito Suoh, Kohei Kotani,
Atsushi Hagihara, Sawako Uchida-Kobayashi, Akihiro Tamori , Masaru Enomoto * and
Norifumi Kawada

Department of Hepatology, Graduate School of Medicine, Osaka City University, Osaka 545-8585, Japan;
m2055463@med.osaka-cu.ac.jp (N.O.); hhai@med.osaka-cu.ac.jp (H.H.); thuylt@med.osaka-cu.ac.jp (L.T.T.T.);
dongminhphuong15@gmail.com (M.P.D.); maito55jp@gmail.com (M.S.); kouhei-k@med.osaka-cu.ac.jp (K.K.);
hagy@med.osaka-cu.ac.jp (A.H.); sawako@med.osaka-cu.ac.jp (S.U.-K.); atamori@med.osaka-cu.ac.jp (A.T.);
kawadanori@med.osaka-cu.ac.jp (N.K.)
* Correspondence: enomoto-m@med.osaka-cu.ac.jp; Tel.: +81-6-6645-3897

Received: 25 June 2020; Accepted: 21 July 2020; Published: 24 July 2020
����������
�������

Abstract: Immune checkpoint inhibitors, combined with anti-angiogenic agents or locoregional
treatments (e.g., transarterial chemoembolization (TACE)), are expected to become standard-of-care
for unresectable hepatocellular carcinoma (HCC). We measured the plasma levels of 16 soluble
checkpoint proteins using multiplexed fluorescent bead-based immunoassays in patients with HCC
who underwent lenvatinib (n = 24) or TACE (n = 22) treatment. In lenvatinib-treated patients, plasma
levels of sCD27 (soluble cluster of differentiation 27) decreased (p = 0.040) and levels of sCD40
(p = 0.014) and sTIM-3 (p < 0.001) were increased at Week 1, while levels of sCD27 (p < 0.001) were
increased significantly at Weeks 2 through 4. At Week 1 of TACE, in addition to sCD27 (p = 0.028),
sCD40 (p < 0.001), and sTIM-3 (soluble T-cell immunoglobulin and mucin domain–3) (p < 0.001),
levels of sHVEM (soluble herpesvirus entry mediator) (p = 0.003), sTLR-2 (soluble Toll-like receptor
2) (p = 0.009), sCD80 (p = 0.036), sCTLA-4 (soluble cytotoxic T-lymphocyte antigen 4) (p = 0.005),
sGITR (soluble glucocorticoid-induced tumor necrosis factor receptor) (p = 0.030), sGITRL (soluble
glucocorticoid-induced TNFR-related ligand) (p = 0.090), and sPD-L1 (soluble programmed death-ligand
1) (p = 0.070) also increased. The fold-changes in soluble checkpoint receptors and their ligands, including
sCTLA-4 with sCD80/sCD86 and sPD-1 (soluble programmed cell death domain–1) with sPD-L1 were
positively correlated in both the lenvatinib and TACE treatment groups. Our results suggest that there
are some limited differences in immunomodulatory effects between anti-angiogenic agents and TACE.
Further studies from multicenters may help to identify an effective combination therapy.
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1. Introduction

Primary liver cancer, of which hepatocellular carcinoma (HCC) is the most common type, is the
third most common cause of cancer-related deaths worldwide [1,2]. Patients with early-stage HCC
can potentially receive curative treatments, such as surgical resection, transplantation, or ablation,
and patients at the intermediate stage can undergo transarterial chemoembolization (TACE), but those at
an advanced stage of disease are only likely to benefit from systemic therapies [3–5]. Molecular-targeted
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therapies, the two anti-angiogenic tyrosine kinase inhibitors sorafenib [6] and lenvatinib [7] are used
as first-line treatments for patients with advanced-stage HCC. Meanwhile, other anti-angiogenic
agents like regorafenib [8], cabozantinib [9], and ramucirumab (if α-fetoprotein > 400 ng/mL) [10]
have been licensed as second-line treatments. Immune checkpoint inhibitors, such as anti–PD-1
(programmed cell death domain–1) pembrolizumab [11], nivolumab [12] or nivolumab combined with
anti–CTLA-4 (cytotoxic T-lymphocyte antigen 4) (ipilimumab) therapy [13], may also be indicated for
sorafenib-refractory patients [14–16].

However, therapeutic responses to immunotherapy alone are obtained in a minority of patients
with HCC. Current clinical trials are therefore focusing on whether combinations of different types of
treatments, including anti-angiogenic agents and TACE, may be promising for the enhancement of the
antitumor effects of immune checkpoint inhibitors [17]. For example, the combinations of lenvatinib
plus pembrolizumab [18] and bevacizumab plus anti–PD-L1 atezolizumab therapy [19] are currently
being tested in clinical investigations. In addition, tremelimumab, an anti–CTLA-4 therapy, was more
effective when paired with TACE than as monotherapy [20].

In our previous study [21], sorafenib treatment in patients with unresectable HCC provoked
dynamic changes in soluble immune checkpoint protein levels as revealed using multiplexed fluorescent
bead-based immunoassays. To date, circulating soluble checkpoint proteins, which are part of a family
of full-length receptors produced by messenger RNA expression or by the cleavage of membrane-bound
proteins, have been studied extensively in various cancers, but not in HCC [22]. Further, changes in
the plasma levels of soluble proteins during the early days of treatment with other anti-angiogenic
agents or locoregional treatments (e.g., TACE) have yet to be determined.

We hypothesized that lenvatinib and TACE therapies as well as sorafenib would affect plasma
levels of soluble immune checkpoint proteins. An understanding of the effects of these therapies on
soluble immune checkpoint proteins may provide insight into their immunomodulative characteristics,
which would help to develop more effective combination immunotherapies for HCC. In this study,
we measured the concentrations of 16 soluble immune checkpoint proteins (Table A1) in plasma
samples obtained over four weeks of treatment from patients with unresectable HCC who underwent
lenvatinib or TACE treatment.

2. Results

2.1. Patient Characteristics

The baseline characteristics of patients with HCC in the lenvatinib (n = 24) and TACE (n = 22)
groups are described in Table 1. In brief, the median age of patients was about 75 years (75 vs. 76 years;
p = 0.530) and males accounted for the majority (75.0% vs. 68.2%; p = 0.746) of the population in both
treatment groups, with no significant difference apparent between the two groups. Most patients
in the TACE group had Barcelona Clinic Liver Cancer (BCLC) [23] stage A (54.5%) cancer, while
all patients had BCLC stage B (54.2%) or stage C (45.8%) cancer in the lenvatinib group (p < 0.001).
Some patients in the TACE group underwent the therapy as their initial HCC treatment, but none
in the lenvatinib group (36.4% vs. 0%; p = 0.001). No significant differences were found between
the lenvatinib and TACE groups with respect to the etiology of liver disease, Eastern Cooperative
Oncology Group performance status score, aspartate and alanine aminotransferase (AST and ALT)
levels, gamma-glutamyl transferase level, hepatic reserve (Child–Pugh class or albumin–bilirubin
score [24,25]) and α-fetoprotein and des-γ-carboxy prothrombin levels as tumor markers.
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Table 1. Characteristics of hepatocellular carcinoma (HCC) patients at baseline.

Characteristics Lenvatinib (n = 24) TACE (n = 22) p Value

Age – 75 (69, 78) 76 (69, 80) 0.530

Sex Male 18 (75.0) 15 (68.2) 0.746
Female 6 (25.0) 7 (31.8)

Etiology Alcohol 5 (20.8) 3 (13.6) 0.536
HBV 3 (12.5) 1 (4.5)
HCV 10 (41.7) 13 (59.1)

HBV + HCV 1 (4.2) 0 (0.0)
NASH 1 (4.2) 3 (13.6)

Unknown 4 (16.7) 2 (9.1)

ECOG Perfomance Status 0 or 1 23 (95.8) 19 (86.4) 0.336
2 1 (4.2) 3 (13.6)

Aspartate aminotransferase 39 (27, 59) 39 (30, 50) 0.826

Alanine aminotransferase 27 (20, 52) 23 (16, 46) 0.567

Gamma-glutamyl
transferase 62 (30, 122) 61 (32, 120) 0.930

Child-Pugh class A 21 (87.5) 18 (81.8) 0.694
B 3 (12.5) 4 (18.2)

ALBI grade 1 8 (33.3) 8 (36.4) 0.999
2 16 (66.7) 14 (63.6)

α-Fetoprotein 59.4 (11.4, 1123.7) 21.2 (5.3, 55.9) 0.126

Des-γ-carboxy prothrombin 105 (72, 1312) 137 (56, 282) 0.605

BCLC stage A 0 (0.0) 12 (54.5) <0.001
B 13 (54.2) 7 (31.8)
C 11 (45.8) 3 (13.6)

Previous therapies None 0 (0.0) 8 (36.4) 0.001
Resection 5 (20.8) 2 (9.1) 0.418
RFA/PEI 11 (45.8) 7 (31.8) 0.378

TACE 23 (95.8) 9 (40.9) <0.001
HAIC 3 (12.5) 3 (13.6) 0.999

Radiation 2 (8.3) 0 (0.0) 0.490
Chemotherapy 0 (0.0) 2 (9.1) 0.223

Data are shown as median [interquartile range] or number (%). Abbreviations: HBV, hepatitis B virus; HCV, hepatitis
C virus; NASH, non-alcoholic steatohepatitis; ECOG, Eastern Cooperative Oncology Group; ALBI, albumin–bilirubin;
BCLC, Barcelona Clinic Liver Cancer; RFA, radiofrequency ablation; PEI, percutaneous ethanol injection; TACE,
transarterial chemoembolization; HAIC, hepatic arterial infusion chemotherapy.

2.2. Changes in Plasma Soluble Checkpoint Protein Levels at Week 1 after the Initiation of Lenvatinib

First, we investigated whether lenvatinib affects the plasma levels of immune checkpoint proteins in
the early phase of treatment. As previously reported [21], we analyzed soluble checkpoint protein levels in
patients with HCC at Week 1 of lenvatinib treatment. Ultimately, a significant decrease was observed in the
level of soluble cluster of differentiation 27 (sCD27) (p = 0.040) and significant increases were found in the
levels of sCD40 (p = 0.014) and soluble T-cell immunoglobulin and mucin domain–3 (sTIM-3) (p < 0.001)
when compared with at baseline. Meanwhile, no significant changes were found in soluble herpesvirus
entry mediator (sHVEM) and the other 12 immune checkpoint proteins (Figures 1 and A1).
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Figure 1. Changes in soluble immune checkpoint protein levels in plasma after 1 week of lenvatinib 
treatment. Box plots show the sCD27, sCD40, sTIM-3, and sHVEM levels in HCC patients at baseline 
and Week 1 of treatment. The vertical lengths of the boxes indicate the interquartile ranges and the 
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Figure 1. Changes in soluble immune checkpoint protein levels in plasma after 1 week of lenvatinib
treatment. Box plots show the sCD27, sCD40, sTIM-3, and sHVEM levels in HCC patients at baseline
and Week 1 of treatment. The vertical lengths of the boxes indicate the interquartile ranges and the
lines in the boxes suggest the median values, while the error bars show the minimum and maximum
values (in a range). The Wilcoxon signed-rank test was used. HCC, hepatocellular carcinoma; sTIM-3,
soluble T-cell immunoglobulin and mucin domain–3; sHVEM, soluble herpesvirus entry mediator;
sCD, soluble cluster of differentiation.

2.3. Changes in Plasma Soluble Checkpoint Protein Levels at Weeks 2 through 4 after the Initiation of Lenvatinib

Next, we sought to reveal changes in immune checkpoint protein levels at the later stage of lenvatinib
therapy. We analyzed soluble checkpoint protein levels in the plasma of patients with HCC at Weeks 2
through 4 of lenvatinib treatment. The increase in sCD27 level was significant (p < 0.001). A trend toward
increasing sCD40 and sHVEM levels was also observed, but no change reached statistical significance
(p = 0.070 and 0.090). Also, the change in sTIM-3 was no longer significant at this time point (Figure 2),
while the other 12 immune checkpoint proteins showed similar outcomes (Appendix A Figure A2).
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Figure 2. Changes in soluble immune checkpoint protein levels in plasma after 2 to 4 weeks of lenvatinib
treatment. Box plots demonstrate the sCD27, sCD40, sTIM-3, and sHVEM levels in HCC patients at
baseline and Weeks 2 through 4 of treatment. The vertical lengths of the boxes indicate the interquartile
ranges and the lines in the boxes display the median values, while the error bars show the minimum
and maximum values (in a range). The Wilcoxon signed-rank test was used.

2.4. Changes in Plasma Soluble Checkpoint Protein Levels at Week 1 after TACE

Lenvatinib can suppress tumor blood flow by its pharmacological anti-angiogenic effects. To establish
a contrast with those who received lenvatinib, we also investigated patients who underwent conventional
TACE, which disrupts tumor blood flow via the artificial embolization of hepatic arteries. We analyzed
soluble immune checkpoint protein levels in the plasma of patients with HCC at 1 week after TACE.
In addition to sCD27 (p = 0.028), sCD40 (p < 0.001), sTIM-3 (p < 0.001), and sHVEM (p = 0.003) levels,
which exhibited significant (or marginal) changes at Week 1 or Weeks 2 through 4 of lenvatinib treatment,
the levels of another six proteins—namely, soluble Toll-like receptor 2 (sTLR-2) (p = 0.009), sCD80
(p = 0.036), sCTLA-4 (soluble cytotoxic T-lymphocyte antigen 4) (p = 0.005), soluble glucocorticoid-induced
TNFR-related protein (sGITR) (p = 0.030), soluble glucocorticoid-induced TNFR-related ligand (sGITRL)
(p = 0.090), and sPD-L1 (soluble programmed death-ligand 1) (p = 0.070)—were also increased (Figure 3).
However, the levels of the remaining six immune checkpoint proteins showed no significant changes
(Appendix A Figure A3).
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levels in HCC patients at baseline and Week 1 of treatment. The vertical lengths of the boxes indicate the
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minimum and maximum values (range). The Wilcoxon signed-rank test was used. TACE, transarterial
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sGITR, soluble glucocorticoid-induced tumor necrosis factor receptor; sGITRL, soluble glucocorticoid-induced
TNFR-related ligand; sPD-L1, soluble programmed death-ligand 1.

2.5. Relationships between Fold-Changes in Plasma Soluble Immune Checkpoint Protein Levels

The correlations between the fold-changes in the soluble forms of immune checkpoint proteins in
plasma at Week 1 of lenvatinib treatment are shown in Figure 4. The fold-changes in soluble checkpoint
receptors and their ligands, including sCTLA-4 with sCD80 (p < 0.001; r = 0.82)/sCD86 (p < 0.001; r = 0.78),
and sPD-1 with sPD-L1 (p < 0.001; r = 0.91), were positively correlated (Figure 4a). Among the three
soluble checkpoint proteins with significant change at Week 1, sCD40 was positively correlated with some
proteins in fold-changes; sCD86 (p = 0.005; r = 0.62), sPD-1 (p = 0.010; r = 0.58), sPD-L1 (p = 0.046; r = 0.48)
(Figure 4b), sCD28 (p = 0.012; r = 0.57), sTLR-2 (p = 0.048; r = 0.46), and sHVEM (p = 0.042; r = 0.47).

At Weeks 2 to 4 of lenvatinib treatment, the fold-changes in soluble immune checkpoint receptors
and their ligands in plasma, including sCTLA-4 with sCD80 (p = 0.055; r = 0.55)/sCD86 (p = 0.009; r = 0.71)
and sPD-1 with sPD-L1 (p < 0.001; r = 0.86), were also positively correlated (Appendix A Figure A4a).
Separately, the fold-change in sCD27 was positively correlated with those of sCD86 (p = 0.030; r = 0.61),
sPD-1 (p = 0.010; r = 0.70), and sPD-L1 (p = 0.050; r = 0.56), respectively (Appendix A Figure A4b).

The correlations between the fold-changes in soluble forms of immune checkpoint proteins in plasma
at Week 1 of TACE are shown in Figure 5. Again, the fold-changes in soluble checkpoint receptors and
their ligands, including sCTLA-4 with sCD80 (p = 0.018; r = 0.50)/sCD86 (p < 0.001; r = 0.72) and sPD-1
with sPD-L1 (p < 0.001; r = 0.89), were positively correlated (Figure 5a). A strong correlation was noted
between the fold-changes in the sCD80 and sTLR-2 levels (p < 0.001; r = 0.89), sCD40 and sHVEM levels
(p < 0.001; r = 0.78), and sHVEM and sTIM-3 levels (p < 0.001; r = 0.72), respectively (Figure 5b).
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Figure 4. The relationships between fold-changes in soluble immune checkpoint protein levels in plasma
at 1 week of lenvatinib treatment are presented. (a) A positive correlation was found between fold-changes
in soluble checkpoint receptors and their ligands, including sCTLA-4 with sCD80/sCD86 and sPD-1 with
sPD-L1, respectively. (b) sCD40 was positively correlated with some proteins in fold-changes, including
sCD86, sPD-1, and sPD-L1. Spearman’s rank correlation test was used. A p-value of less than 0.05 was
considered to be statistically significant.
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Figure 5. The relationships between fold-changes in soluble immune checkpoint protein levels in plasma
at 1 week of receiving TACE are shown. (a) A positive correlation was found between the fold-changes of
soluble checkpoint receptors and their ligands, including sCTLA-4 with sCD80/sCD86 and sPD-1 with
sPD-L1. (b) Separately, a strong correlation was observed between the fold-changes in sCD80 and sTLR-2
levels, sCD40 and sHVEM levels, and sHVEM and sTIM-3 levels. Spearman’s rank correlation test was
used. A p-value of less than 0.05 was considered to be statistically significant.
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3. Discussion

This study attempted the simultaneous quantification of 16 soluble immune checkpoint proteins in
the plasma of patients with HCC who were observed during the early phase of treatment with lenvatinib
or TACE. These immune checkpoint proteins include soluble forms of stimulatory or inhibitory factors,
which modulate T-cell activation/proliferation and compose the cancer-immunity cycle [26]. In our
previous report [21], we examined changes to these immune checkpoint proteins in sorafenib-treated
HCC. The current results could offer additional data to compare changes in soluble checkpoint protein
levels among tyrosine kinase inhibitors and TACE, which may clarify the immunomodulatory aspects
of these treatments.

In this study, the plasma level of sCD27 was decreased and those of sCD40 and sTIM-3 were increased
significantly at Week 1, while the level of sCD27 was increased significantly at Weeks 2 through 4 of
lenvatinib treatment (Figures 1 and 2). Although CD27 and CD40 are stimulatory factors and TIM-3 is an
inhibitory factor, respectively, in the cancer-immunity cycle, soluble forms of stimulatory/inhibitory factors
do not necessarily have set positive/negative immune effects; currently, the functions of these soluble
proteins are yet to be fully defined. In short, (1) CD27 supports the antigen-specific expansion of naïve
T-cells and is vital for the generation of T-cell memory [27]. A previous study found that circulating sCD27
constitutes a functional protein directly involved in CD8+ T-cell activation [28]. A persistent increase in
the sCD27 level during Weeks 2 through 4 of lenvatinib treatment may reflect the CD8+ T-cell–related
immunomodulatory effect of lenvatinib, which is in line with a previous study [29] revealing that the
antitumor activity of lenvatinib was significantly diminished by CD8+ T-cell depletion. Further, (2) CD40
plays an important role mainly in the signaling pathways for the functioning of B-cells, monocytes,
and dendritic cells [30]. In recent research [31], plasma sCD40 levels were upregulated in correlation
with disease severity in patients with alcoholic hepatitis, indicating the existence of dysregulation of the
immune system in chronic liver disease. Also, (3) TIM-3 promotes the exhaustion of T-cells in various
types of cancer [32]. One study suggests circulating sTIM-3 might competitively bind to galectin-9
(a ligand of TIM-3), preventing a TIM-3/galectin-9–mediated immune response [33]. The increase in
plasma sTIM-3 during lenvatinib treatment may restore immune exhaustion.

In vitro and in vivo preclinical studies have provoked the thoughts that there may be different
immunomodulatory effects among similar tyrosine kinase inhibitors [34]. Lenvatinib may decrease
tumor-associated macrophages, facilitate polarization from an M2-like phenotype toward an M1-like
phenotype, and enhance CD4+ and CD8+ T-cell tumor infiltration, while sorafenib may have the
opposite effects [35]. In our previous study of sorafenib [21], 11 of 16 soluble immune checkpoint
proteins—most of which were inhibitory factors—experienced significant increases in plasma at two
weeks of treatment. In this study, sCD27 displayed a significant change at two weeks. Both sorafenib
and lenvatinib basically inhibit vascular endothelial growth factor receptors (VEGFRs) 1 through
3, fibroblast growth factor receptors (FGFRs) 1 through 4, platelet-derived growth factor receptor
(PDGFR)-α, RET, and KIT. One potential explanation for the discrepancy is the existence of variable
inhibitory profiles among the drugs against VEGFRs and FGFRs; specifically, lenvatinib is known
to show more potent inhibitory activities than sorafenib against these receptor tyrosine kinases [36].
VEGFRs are particularly important because they activate various key components such as regulatory
T-cells, tumor-associated macrophages, and myeloid-derived suppressor cells. Cytokines released by
these cells inhibit natural killer cell activation and CD8+ T-cell proliferation, driving the emergence of
an immunosuppressive microenvironment [37].

The tumor microenvironment actively participates in drug-resistance acquisition [38] in both
primary and metastatic lesions [39] of HCC and other solid tumors [40]. Previous studies reported that
an inflammatory microenvironment, circulating immune cells, and cytokines etc. play a significant
role in the prognosis of HCC [41,42]. For example, the B-type Raf kinase (BRAF) mutation, one of
the prognostic factors, could play a role in the response to tyrosine kinase inhibitors [43]. However,
we found no significant difference in changes in soluble immune checkpoint protein levels between
groups classified according to the response to sorafenib [21] or lenvatinib treatment, possibly due



Cancers 2020, 12, 2045 8 of 16

to the small sample size. Further investigation is required in a large group of patients to establish
a determinant in driving clinical decision-making, which today are an unmet clinical need and a
challenge for immunotherapy.

As part of our research, we also analyzed the levels of soluble immune checkpoint proteins in
TACE-treated patients. Hepatic arterial embolization induces tumor necrosis and focal inflammation
by blocking the tumor blood supply, which can impact cancer immunity by creating a source of
tumor-associated antigens and enhancing the tumor-specific T-cell response [44]. Tampaki et al. [45]
reported that TACE provokes a significant increase in the sTIM-3 level in plasma within the first week
posttreatment, suggesting a reactive expansion of TIM-3 expression by T-cells as a negative feedback
mechanism in response to intense immune stimulation following tumor necrosis. In our research
encompassing a comprehensive measurement of 16 immune checkpoints, not only did the level of
sTIM-3 but also those of many more soluble proteins changed significantly in the first week after TACE
(Figure 3). However, some confounding factors may accompany TACE. When compared with systemic
therapies, TACE presents a greater likelihood of inducing more sudden hypoxia in treated lesions and
produces more hypoxia-related factors, which can influence components of cancer-immunity in the
short-term. Therefore, the interpretation of results among TACE-treated patients is difficult and further
research is necessary to better understand the treatment’s immunomodulatory effect.

Correlation analyses involving two soluble immune checkpoint proteins in plasma revealed that the
fold-changes in soluble receptors and their ligands were positively correlated in both lenvatinib-treated
and TACE-treated patients (Figures 4a and 5a), suggesting that multiplexed fluorescent immunoassays are
capable of accurate and simultaneous quantification of small amounts of the proteins. More interestingly,
sCD40 at 1 week and sCD27 at two to four weeks, respectively, were positively correlated with sCTLA-4,
sCD86, sPD-1, and sPD-L1 (Figure 4b and Appendix A Figure A4b). While the mechanisms regulating
these proteins remain unknown, sCD40 and sCD27 may be upregulated in cooperation with major
checkpoint molecules such as sCTLA-4, sCD86, sPD-1, and sPD-L1. At Week 1 of TACE treatment, many
more checkpoint pairs showed correlations unexpectedly (Figure 5b). For example, CD80 and TLR-2 have
both been generally used as specific M1 macrophage surface markers in previous research [46]. Elsewhere,
CD40 and HVEM messenger RNAs were coexpressed in the bioinformatic analysis of bladder cancer in
the Cancer Genome Atlas database [47]. HVEM is a ligand of B- and T-lymphocyte attenuator (BTLA)
and soluble BTLA in combination with sTIM-3 may be able to predict the rates of disease recurrence and
survival among renal cell cancer patients [48].

Our study has several limitations. First, this is not a prospective study but instead a retrospective
observational study. Moreover, randomization was not performed. In current guidelines [3–5], TACE is
essentially indicated as a treatment option for patients with intermediate-stage HCC, while systemic
therapy is suggested for those with advanced-stage HCC. Along these lines, in this study, the baseline
characteristics of patients in the lenvatinib and TACE groups were not similar to one another (Table 1).
It is therefore difficult to accurately compare the changes in soluble immune checkpoint levels in plasma
between these treatment groups. Second, we could not collect plasma samples at Week 2 through 4 after
TACE because of the less frequent hospital visits made by TACE-treated patients. We observed dynamic
changes in soluble checkpoint levels in plasma at Week 1 of TACE but could not determine how long
they persisted. Third, the sample size was small. Sample size affects the power or ability of all statistical
tests to detect a relationship between two variables when it truly exists. The limitations of statistical
analyses, such as the Wilcoxon signed-rank test and Spearman’s rank correlation test, are equally worth
noting [49]. Lastly, we could not investigate associations between changes in soluble checkpoints and
the outcomes of HCC patients because a majority of the included patients are still alive. Further studies
are needed to clarify the clinical significance of circulating soluble checkpoint proteins in patients with
unresectable HCC.
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4. Materials and Methods

4.1. Patients

Between May 2018 and February 2020, we initiated lenvatinib treatment in 55 patients (46 males
and nine females; median age: 73 (range: 42–85) years) with unresectable HCC at our institute.
In this retrospective cohort study, 24 patients who received lenvatinib as a first-line systemic therapy
(18 males and six females; median age: 75 (range: 55–89) years) were included. Lenvatinib therapy
was principally indicated for patients with a good performance status and compensated liver disease
for whom locoregional therapies were not indicated either due to the presence of vascular invasion,
distant metastasis, or a TACE-refractory state, in accordance with available guidelines [3–5]. Lenvatinib
(Lenvima®; Eisai Co. Ltd., Tokyo, Japan) was orally given to patients with unresectable HCC. The dose
of lenvatinib was determined based on body weight, with initial dosages of 12 mg/day and 8 mg/day
given to those over 60 kg and those under 60 kg, respectively. Plasma samples were collected at
baseline (n = 24), during the first week (days 3–7 after initiating therapy; n = 19), and during the second
to fourth weeks (days 8–28 after initiating therapy; n = 13).

As part of an effort to compare with lenvatinib treatment, we also studied 22 patients (15 males
and seven females; median age: 76 (range: 44–86) years) who underwent conventional TACE during
the same period. TACE was principally indicated for those with three or less HCC masses measuring
greater than 3 cm or for four or more HCC masses in patients with Child–Pugh A/B hepatic reserve
without extrahepatic metastasis or vascular invasion, in accordance with available guidelines [3–5].
Conventional TACE consisted of intra-arterial injection of lipiodol plus epirubicin followed by the
injection of an embolic agent, Gelpart (Nippon Kayaku Co. Ltd., Tokyo, Japan), to interrupt blood flow.
Plasma samples were collected at baseline and during the first week (days 3–7 after initiating therapy).

4.2. Soluble Immune Checkpoint Protein Assays

The plasma levels of 16 soluble immune checkpoint proteins were measured using multiplexed
fluorescent bead-based immunoassays with the Milliplex Map Kit (EMD Millipore Corporation, Burlington,
MA, USA) and the Luminex Bio-Plex-200 system (Bio-Rad Laboratories, Hercules, CA, USA): namely,
sBTLA, sCD27, sCD28, sCD40, sCD80, sCD86, sCTLA-4, sGITR, sGITRL, sHVEM, sPD-1, sPD-L1, sTIM-3,
sTLR-2, soluble lymphocyte-activation gene 3 (sLAG-3), and soluble inducible T-cell costimulator (sICOS).
This kit enables simultaneous measurement of the concentration of these 16 checkpoint proteins in the
plasma sample. In brief, the capture antibody-coupled beads were first incubated with antigen standards
or samples for a specific time. The plate was washed to remove unbound materials, followed by incubation
with biotinylated detection antibodies. After washing away the unbound biotinylated antibodies, the beads
were incubated with a reporter streptavidin–phycoerythrin conjugate (SA–PE). Following the removal
of the excess SA–PE, the beads were passed through the array reader, which measures the fluorescence
of the bound SA–PE [50]. According to the manufacturer’s instructions, 12.5 µL of plasma was used for
each measurement and all samples were assayed in duplicate; mean values were then adopted for further
analysis. For values that were lower than the limit of detection, we used 10% of the lowest recorded value
as a substitute [51].

4.3. Ethical Considerations

All patients supplied informed consent and the present study was conducted in accordance with
the Declaration of Helsinki and was approved by the ethical committee of Osaka City University
(#3719, approved on 12 July 2017).

4.4. Statistical Analysis

Analysis was conducted in Easy R (EZR) [52] (Saitama Medical Center, Jichi Medical University,
Saitama, Japan) or R [53] (The R Foundation for Statistical Computing, Vienna, Austria) and figures
were produced using the package ggplot2 [54]. Categorical variables were compared using Fisher’s
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exact test or the chi-squared test, when appropriate. Continuous variables were tested using the
Mann–Whitney U test. Wilcoxon signed-rank tests were chosen to compare changes in soluble immune
checkpoint concentrations during the early treatment period. Correlations of fold-changes in the levels
of two proteins were determined with Spearman’s rank correlation test. A p-value of less than 0.05 was
considered to be statistically significant.

5. Conclusions

The present study investigated changes in 16 soluble immune checkpoint proteins in the plasma
of patients with HCC treated by lenvatinib or TACE. In the 24 lenvatinib-treated patients, the plasma
level of sCD27 decreased but those of sCD40 and sTIM-3 increased significantly at Week 1, while the
level of sCD27 was increased significantly at Weeks 2 to 4. These changes in soluble checkpoint protein
levels during lenvatinib treatment were different from those seen during sorafenib treatment in our
previous study [21], suggesting the two drugs present different inhibitory profiles against the receptor
tyrosine kinases. Meanwhile, in the 22 TACE-treated patients, alongside the levels of sCD27, sCD40,
and sTIM-3, those of sHVEM, sTLR-2, sCD80, sCTLA-4, sGITR, sGITRL, and sPD-L1 also increased.
However, interpretation of the results among TACE-treated patients is difficult because TACE may
be accompanied by some confounding factors, as discussed above. Further study is needed to better
understand the immunomodulatory effect of the treatments, which may help future investigators to
establish an effective combination immunotherapy.
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Appendix A

Table A1. The 16 immune checkpoint proteins whose soluble forms were analyzed in this study.

Immune Checkpoint Proteins Function

BTLA B- and T-lymphocyte attenuator A ligand of HVEM
CD27 Cluster of differentiation 27 Interaction with CD70 activates antigen-presenting cells

CD28 Cluster of differentiation 28 Interaction with CD80 or CD86 provides stimulatory
signals required for T-cell activation and survival

CD40 Cluster of differentiation 40 Interaction with CD40L activates antigen-presenting cells
CD80 Cluster of differentiation 80 A ligand of CD28 and CTLA-4
CD86 Cluster of differentiation 86 A ligand of CD28 and CTLA-4

CTLA-4 Cytotoxic T-lymphocyte antigen 4 Interaction with either CD80 or CD86 transmits an
inhibitory signal to T-cells

GITR Glucocorticoid-induced tumor
necrosis factor receptor

Interaction with GITRL inhibits the activity of Tregs and
extends the survival of T-effector cells

GITRL Glucocorticoid-induced tumor
necrosis factor receptor ligand A ligand of GITR

HVEM Herpes virus entry mediator
Interaction with LIGHT stimulates the proliferation of

T-cells, while interaction with BTLA negatively regulates
T-cell responses
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Table A1. Cont.

Immune Checkpoint Proteins Function

ICOS Inducible T-cell costimulator Interaction with ICOS-L provides a costimulatory signal
for T-cell proliferation and survival

LAG-3 Lymphocyte-activation gene 3 Interaction with MHC class II inhibits the activation
of T-cells

PD-1 Programmed cell death domain–1 Interaction with PD-L1 leads to the inhibition of
cytotoxic T-cells

PD-L1 Programmed death-ligand 1 A ligand of PD-1

TIM-3 T-cell immunoglobulin mucin–3 Interaction with galectin-9 negatively regulates Th1
function by triggering cell death

TLR-2 Toll-like receptor 2
TLR-2 recognizes many bacterial, fungal, and other
endogenous substances and plays a role in innate

immune responses

Abbreviations: Tregs, regulatory T-cells; LIGHT, homologous to lymphotoxin, exhibits inducible expression and
competes with HSV glycoprotein D for binding to herpesvirus entry mediator, a receptor expressed on T-lymphocytes;
MHC, major histocompatibility complex.
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Figure A1. Changes in soluble immune checkpoint protein levels after 1 week of lenvatinib treatment. 
Box plots display the sBTLA, sLAG-3, sPD-1, sPD-L1, sICOS, sCD28, sCD86, sCD80, sTLR-2, sGITR, 
sGITRL, and sCTLA-4 levels in HCC patients at baseline and Week 1 of treatment. The vertical lengths 
of the boxes indicate the interquartile ranges and the lines in the boxes suggest the median values, 
while the error bars show the minimum and maximum values (range). The Wilcoxon signed-rank test 
was used. 

Figure A1. Changes in soluble immune checkpoint protein levels after 1 week of lenvatinib treatment.
Box plots display the sBTLA, sLAG-3, sPD-1, sPD-L1, sICOS, sCD28, sCD86, sCD80, sTLR-2, sGITR,
sGITRL, and sCTLA-4 levels in HCC patients at baseline and Week 1 of treatment. The vertical lengths
of the boxes indicate the interquartile ranges and the lines in the boxes suggest the median values,
while the error bars show the minimum and maximum values (range). The Wilcoxon signed-rank test
was used.
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Figure A3. Changes in soluble immune checkpoint protein levels after 1 week of TACE treatment. 
Box plots display the sBTLA, sLAG-3, sPD-1, sICOS, sCD28, and sCD86 levels in HCC patients at 
baseline and Week 1 of treatment. The vertical lengths of the boxes reveal the interquartile ranges and 
the lines in the boxes show the median values, while the error bars suggest the minimum and 
maximum values (range). The Wilcoxon signed-rank test was used. 

Figure A2. Changes in soluble immune checkpoint protein levels after two to four weeks of lenvatinib
treatment. Box plots display the sBTLA, sLAG-3, sPD-1, sPD-L1, sICOS, sCD28, sCD86, sCD80, sTLR-2,
sGITR, sGITRL, and sCTLA-4 levels in HCC patients at baseline and Week 2 through 4 of treatment.
The vertical lengths of the boxes indicate the interquartile ranges and the lines in the boxes show the
median values, while the error bars reveal the minimum and maximum values (range). The Wilcoxon
signed-rank test was used.
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Figure A3. Changes in soluble immune checkpoint protein levels after 1 week of TACE treatment.
Box plots display the sBTLA, sLAG-3, sPD-1, sICOS, sCD28, and sCD86 levels in HCC patients at baseline
and Week 1 of treatment. The vertical lengths of the boxes reveal the interquartile ranges and the lines
in the boxes show the median values, while the error bars suggest the minimum and maximum values
(range). The Wilcoxon signed-rank test was used.
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between the fold-changes of soluble checkpoint receptors and their ligands, including sCTLA-4 with 
sCD80/sCD86 and sPD-1 with sPD-L1, respectively. (b) The fold-change of sCD27 was positively 
correlated with those of sCD86, sPD-1, and sPD-L1. Spearman’s rank correlation test was used. A p-
value of less than 0.05 was considered to be statistically significant. 
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References

1. Global Burden of Disease Cancer Collaboration; Fitzmaurice, C.; Abate, D.; Abbasi, N.; Abbastabar, H.;
Abd-Allah, F.; Abdel-Rahman, O.; Abdelalim, A.; Abdoli, A.; Abdollahpour, I.; et al. Global, regional, and
national cancer incidence, mortality, years of life lost, years lived with disability, and disability-adjusted
life-years for 29 cancer groups, 1990 to 2017: A systematic analysis for the global burden of disease study.
JAMA Oncol. 2019. [CrossRef] [PubMed]

2. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2020. CA Cancer J. Clin. 2020, 70, 7–30. [CrossRef]
[PubMed]

3. 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. Hepatology 2018, 68, 723–750. [CrossRef] [PubMed]

4. European Association for the Study of the Liver. EASL clinical practice guidelines: Management of
hepatocellular carcinoma. J. Hepatol. 2018, 69, 182–236. [CrossRef]

5. Kokudo, N.; Takemura, N.; Hasegawa, K.; Takayama, T.; Kubo, S.; Shimada, M.; Nagano, H.; Hatano, E.;
Izumi, N.; Kaneko, S.; et al. Clinical practice guidelines for hepatocellular carcinoma: The Japan Society of
Hepatology 2017 (4th JSH-HCC guidelines) 2019 update. Hepatol. Res. 2019, 49, 1109–1113. [CrossRef]

6. Llovet, J.M.; Ricci, S.; Mazzaferro, V.; Hilgard, P.; Gane, E.; Blanc, J.F.; de Oliveira, A.C.; Santoro, A.; Raoul, J.L.;
Forner, A.; et al. Sorafenib in advanced hepatocellular carcinoma. N. Engl. J. Med. 2008, 359, 378–390.
[CrossRef]

7. Kudo, M.; Finn, R.S.; Qin, S.; Han, K.H.; Ikeda, K.; Piscaglia, F.; Baron, A.; Park, J.W.; Han, G.; Jassem, J.; et al.
Lenvatinib versus sorafenib in first-line treatment of patients with unresectable hepatocellular carcinoma:
A randomised phase 3 non-inferiority trial. Lancet 2018, 391, 1163–1173. [CrossRef]

8. Bruix, J.; Qin, S.; Merle, P.; Granito, A.; Huang, Y.H.; Bodoky, G.; Pracht, M.; Yokosuka, O.; Rosmorduc, O.;
Breder, V.; et al. Regorafenib for patients with hepatocellular carcinoma who progressed on sorafenib
treatment (RESORCE): A randomised, double-blind, placebo-controlled, phase 3 trial. Lancet 2017, 389, 56–66.
[CrossRef]

http://dx.doi.org/10.1001/jamaoncol.2019.2996
http://www.ncbi.nlm.nih.gov/pubmed/31560378
http://dx.doi.org/10.3322/caac.21590
http://www.ncbi.nlm.nih.gov/pubmed/31912902
http://dx.doi.org/10.1002/hep.29913
http://www.ncbi.nlm.nih.gov/pubmed/29624699
http://dx.doi.org/10.1016/j.jhep.2018.03.019
http://dx.doi.org/10.1111/hepr.13411
http://dx.doi.org/10.1056/NEJMoa0708857
http://dx.doi.org/10.1016/S0140-6736(18)30207-1
http://dx.doi.org/10.1016/S0140-6736(16)32453-9


Cancers 2020, 12, 2045 14 of 16

9. Abou-Alfa, G.K.; Meyer, T.; Cheng, A.L.; El-Khoueiry, A.B.; Rimassa, L.; Ryoo, B.Y.; Cicin, I.; Merle, P.; Chen, Y.;
Park, J.W.; et al. Cabozantinib in Patients with Advanced and Progressing Hepatocellular Carcinoma. N. Engl.
J. Med. 2018, 379, 54–63. [CrossRef]

10. Zhu, A.X.; Kang, Y.K.; Yen, C.J.; Finn, R.S.; Galle, P.R.; Llovet, J.M.; Assenat, E.; Brandi, G.; Pracht, M.;
Lim, H.Y.; et al. Ramucirumab after sorafenib in patients with advanced hepatocellular carcinoma and
increased alpha-fetoprotein concentrations (REACH-2): A randomised, double-blind, placebo-controlled,
phase 3 trial. Lancet Oncol. 2019, 20, 282–296. [CrossRef]

11. Zhu, A.X.; Finn, R.S.; Edeline, J.; Cattan, S.; Ogasawara, S.; Palmer, D.; Verslype, C.; Zagonel, V.; Fartoux, L.;
Vogel, A.; et al. Pembrolizumab in patients with advanced hepatocellular carcinoma previously treated with
sorafenib (KEYNOTE-224): A non-randomised, open-label phase 2 trial. Lancet Oncol. 2018, 19, 940–952.
[CrossRef]

12. Yau, T.; Hsu, C.; Kim, T.Y.; Choo, S.P.; Kang, Y.K.; Hou, M.M.; Numata, K.; Yeo, W.; Chopra, A.; Ikeda, M.; et al.
Nivolumab in advanced hepatocellular carcinoma: Sorafenib-experienced Asian cohort analysis. J. Hepatol.
2019, 71, 543–552. [CrossRef] [PubMed]

13. He, A.R.; Yau, T.; Hsu, C.; Kang, Y.-K.; Kim, T.-Y.; Santoro, A.; Sangro, B.; Melero, I.; Kudo, M.; Hou, M.-M.; et al.
Nivolumab (NIVO) + ipilimumab (IPI) combination therapy in patients (pts) with advanced hepatocellular
carcinoma (aHCC): Subgroup analyses from CheckMate 040. J. Clin. Oncol. 2020, 38, 512. [CrossRef]

14. Kudo, M. Systemic Therapy for Hepatocellular Carcinoma: Latest Advances. Cancers 2018, 10, 412. [CrossRef]
15. Cheng, H.; Sun, G.; Chen, H.; Li, Y.; Han, Z.; Li, Y.; Zhang, P.; Yang, L.; Li, Y. Trends in the treatment of

advanced hepatocellular carcinoma: Immune checkpoint blockade immunotherapy and related combination
therapies. Am. J. Cancer Res. 2019, 9, 1536–1545.

16. Liu, Z.; Lin, Y.; Zhang, J.; Zhang, Y.; Li, Y.; Liu, Z.; Li, Q.; Luo, M.; Liang, R.; Ye, J. Molecular targeted and
immune checkpoint therapy for advanced hepatocellular carcinoma. J. Exp. Clin. Cancer Res. 2019, 38, 447.
[CrossRef]

17. Nishida, N.; Kudo, M. Immune checkpoint blockade for the treatment of human hepatocellular carcinoma.
Hepatol. Res. 2018, 48, 622–634. [CrossRef]

18. Ikeda, M.; Sung, M.W.; Kudo, M.; Kobayashi, M.; Baron, A.D.; Finn, R.S.; Kaneko, S.; Zhu, A.X.; Kubota, T.;
Kraljevic, S.; et al. A phase 1b trial of lenvatinib (LEN) plus pembrolizumab (PEM) in patients (pts) with
unresectable hepatocellular carcinoma (uHCC). J. Clin. Oncol. 2018, 36, 4076. [CrossRef]

19. Finn, R.S.; Qin, S.; Ikeda, M.; Galle, P.R.; Ducreux, M.; Kim, T.Y.; Kudo, M.; Breder, V.; Merle, P.; Kaseb, A.O.; et al.
Atezolizumab plus Bevacizumab in Unresectable Hepatocellular Carcinoma. N. Engl. J. Med. 2020, 382,
1894–1905. [CrossRef]

20. Duffy, A.G.; Ulahannan, S.V.; Makorova-Rusher, O.; Rahma, O.; Wedemeyer, H.; Pratt, D.; Davis, J.L.;
Hughes, M.S.; Heller, T.; ElGindi, M.; et al. Tremelimumab in combination with ablation in patients with
advanced hepatocellular carcinoma. J. Hepatol. 2017, 66, 545–551. [CrossRef]

21. Dong, M.P.; Enomoto, M.; Thuy, L.T.T.; Hai, H.; Hieu, V.N.; Hoang, D.V.; Iida-Ueno, A.; Odagiri, N.;
Amano-Teranishi, Y.; Hagihara, A.; et al. Clinical significance of circulating soluble immune checkpoint
proteins in sorafenib-treated patients with advanced hepatocellular carcinoma. Sci. Rep. 2020, 10, 3392.
[CrossRef] [PubMed]

22. Gu, D.; Ao, X.; Yang, Y.; Chen, Z.; Xu, X. Soluble immune checkpoints in cancer: Production, function and
biological significance. J. Immunother. Cancer 2018, 6, 132. [CrossRef] [PubMed]

23. Llovet, J.M.; Bru, C.; Bruix, J. Prognosis of hepatocellular carcinoma: The BCLC staging classification.
Semin. Liver Dis. 1999, 19, 329–338. [CrossRef] [PubMed]

24. 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] [PubMed]

25. Ueshima, K.; Nishida, N.; Hagiwara, S.; Aoki, T.; Minami, T.; Chishina, H.; Takita, M.; Minami, Y.; Ida, H.;
Takenaka, M.; et al. Impact of Baseline ALBI Grade on the Outcomes of Hepatocellular Carcinoma Patients
Treated with Lenvatinib: A Multicenter Study. Cancers 2019, 11, 952. [CrossRef]

26. Chen, D.S.; Mellman, I. Oncology meets immunology: The cancer-immunity cycle. Immunity 2013, 39, 1–10.
[CrossRef]

27. Hendriks, J.; Gravestein, L.A.; Tesselaar, K.; van Lier, R.A.; Schumacher, T.N.; Borst, J. CD27 is required for
generation and long-term maintenance of T cell immunity. Nat. Immunol. 2000, 1, 433–440. [CrossRef]

http://dx.doi.org/10.1056/NEJMoa1717002
http://dx.doi.org/10.1016/S1470-2045(18)30937-9
http://dx.doi.org/10.1016/S1470-2045(18)30351-6
http://dx.doi.org/10.1016/j.jhep.2019.05.014
http://www.ncbi.nlm.nih.gov/pubmed/31176752
http://dx.doi.org/10.1200/JCO.2020.38.4_suppl.512
http://dx.doi.org/10.3390/cancers10110412
http://dx.doi.org/10.1186/s13046-019-1412-8
http://dx.doi.org/10.1111/hepr.13191
http://dx.doi.org/10.1200/JCO.2018.36.15_suppl.4076
http://dx.doi.org/10.1056/NEJMoa1915745
http://dx.doi.org/10.1016/j.jhep.2016.10.029
http://dx.doi.org/10.1038/s41598-020-60440-5
http://www.ncbi.nlm.nih.gov/pubmed/32099055
http://dx.doi.org/10.1186/s40425-018-0449-0
http://www.ncbi.nlm.nih.gov/pubmed/30482248
http://dx.doi.org/10.1055/s-2007-1007122
http://www.ncbi.nlm.nih.gov/pubmed/10518312
http://dx.doi.org/10.1200/JCO.2014.57.9151
http://www.ncbi.nlm.nih.gov/pubmed/25512453
http://dx.doi.org/10.3390/cancers11070952
http://dx.doi.org/10.1016/j.immuni.2013.07.012
http://dx.doi.org/10.1038/80877


Cancers 2020, 12, 2045 15 of 16

28. Huang, J.; Jochems, C.; Anderson, A.M.; Talaie, T.; Jales, A.; Madan, R.A.; Hodge, J.W.; Tsang, K.Y.;
Liewehr, D.J.; Steinberg, S.M.; et al. Soluble CD27-pool in humans may contribute to T cell activation and
tumor immunity. J. Immunol. 2013, 190, 6250–6258. [CrossRef]

29. Zhang, Q.; Liu, H.; Wang, H.; Lu, M.; Miao, Y.; Ding, J.; Li, H.; Gao, X.; Sun, S.; Zheng, J. Lenvatinib promotes
antitumor immunity by enhancing the tumor infiltration and activation of NK cells. Am. J. Cancer Res. 2019,
9, 1382–1395.

30. O’Sullivan, B.; Thomas, R. CD40 and dendritic cell function. Crit. Rev. Immunol. 2003, 23, 83–107. [CrossRef]
31. Li, W.; Xia, Y.; Yang, J.; Guo, H.; Sun, G.; Sanyal, A.J.; Shah, V.H.; Lou, Y.; Zheng, X.; Chalasani, N.; et al.

Immune Checkpoint Axes Are Dysregulated in Patients with Alcoholic Hepatitis. Hepatol. Commun. 2020, 4,
588–605. [CrossRef] [PubMed]

32. He, Y.; Cao, J.; Zhao, C.; Li, X.; Zhou, C.; Hirsch, F.R. TIM-3, a promising target for cancer immunotherapy.
Oncol. Targets Ther. 2018, 11, 7005–7009. [CrossRef] [PubMed]

33. Wu, M.; Zhu, Y.; Zhao, J.; Ai, H.; Gong, Q.; Zhang, J.; Zhao, J.; Wang, Q.; La, X.; Ding, J. Soluble
costimulatory molecule sTim3 regulates the differentiation of Th1 and Th2 in patients with unexplained
recurrent spontaneous abortion. Int. J. Clin. Exp. Med. 2015, 8, 8812–8819. [PubMed]

34. Sasaki, R.; Kanda, T.; Fujisawa, M.; Matsumoto, N.; Masuzaki, R.; Ogawa, M.; Matsuoka, S.; Kuroda, K.;
Moriyama, M. Different mechanisms of action of regorafenib and lenvatinib on toll-like receptor-signaling
pathways in human hepatoma cell lines. Int. J. Mol. Sci. 2020, 21, 349. [CrossRef]

35. Lin, Y.Y.; Tan, C.T.; Chen, C.W.; Ou, D.L.; Cheng, A.L.; Hsu, C. Immunomodulatory effects of current targeted
therapies on hepatocellular carcinoma: Implication for the future of immunotherapy. Semin. Liver Dis. 2018,
38, 379–388. [CrossRef]

36. Tohyama, O.; Matsui, J.; Kodama, K.; Hata-Sugi, N.; Kimura, T.; Okamoto, K.; Minoshima, Y.; Iwata, M.;
Funahashi, Y. Antitumor activity of lenvatinib (e7080): An angiogenesis inhibitor that targets multiple
receptor tyrosine kinases in preclinical human thyroid cancer models. J. Thyroid. Res. 2014, 2014, 638747.
[CrossRef]

37. Voron, T.; Marcheteau, E.; Pernot, S.; Colussi, O.; Tartour, E.; Taieb, J.; Terme, M. Control of the immune
response by pro-angiogenic factors. Front. Oncol. 2014, 4, 70. [CrossRef]

38. Longo, V.; Brunetti, O.; Gnoni, A.; Licchetta, A.; Delcuratolo, S.; Memeo, R.; Solimando, A.G.; Argentiero, A.
Emerging role of Immune Checkpoint Inhibitors in Hepatocellular Carcinoma. Medicina 2019, 55, 698.
[CrossRef]

39. Gnoni, A.; Brunetti, O.; Longo, V.; Calabrese, A.; Argentiero, A.L.; Calbi, R.; Solimando Antonio, G.;
Licchetta, A. Immune system and bone microenvironment: Rationale for targeted cancer therapies. Oncotarget
2020, 11, 480–487. [CrossRef]

40. Argentiero, A.; De Summa, S.; Di Fonte, R.; Iacobazzi, R.M.; Porcelli, L.; Da Via, M.; Brunetti, O.; Azzariti, A.;
Silvestris, N.; Solimando, A.G. Gene Expression Comparison between the Lymph Node-Positive and
-Negative Reveals a Peculiar Immune Microenvironment Signature and a Theranostic Role for WNT
Targeting in Pancreatic Ductal Adenocarcinoma: A Pilot Study. Cancers 2019, 11, 942. [CrossRef]

41. Brunetti, O.; Gnoni, A.; Licchetta, A.; Longo, V.; Calabrese, A.; Argentiero, A.; Delcuratolo, S.; Solimando, A.G.;
Casadei-Gardini, A.; Silvestris, N. Predictive and Prognostic Factors in HCC Patients Treated with Sorafenib.
Medicina 2019, 55, 707. [CrossRef] [PubMed]

42. Kawamura, Y.; Kobayashi, M.; Shindoh, J.; Kobayashi, Y.; Kasuya, K.; Sano, T.; Fujiyama, S.; Hosaka, T.;
Saitoh, S.; Sezaki, H.; et al. (18)F-Fluorodeoxyglucose Uptake in Hepatocellular Carcinoma as a Useful
Predictor of an Extremely Rapid Response to Lenvatinib. Liver Cancer 2020, 9, 84–92. [CrossRef] [PubMed]

43. Gnoni, A.; Licchetta, A.; Memeo, R.; Argentiero, A.; Solimando, A.G.; Longo, V.; Delcuratolo, S.; Brunetti, O.
Role of BRAF in Hepatocellular Carcinoma: A Rationale for Future Targeted Cancer Therapies. Medicina
2019, 55, 754. [CrossRef] [PubMed]

44. Flecken, T.; Schmidt, N.; Hild, S.; Gostick, E.; Drognitz, O.; Zeiser, R.; Schemmer, P.; Bruns, H.; Eiermann, T.;
Price, D.A.; et al. Immunodominance and functional alterations of tumor-associated antigen-specific CD8+

T-cell responses in hepatocellular carcinoma. Hepatology 2014, 59, 1415–1426. [CrossRef] [PubMed]
45. Tampaki, M.; Ionas, E.; Hadziyannis, E.; Deutsch, M.; Malagari, K.; Koskinas, J. Association of TIM-3 with

BCLC Stage, Serum PD-L1 Detection, and Response to Transarterial Chemoembolization in Patients with
Hepatocellular Carcinoma. Cancers 2020, 12, 212. [CrossRef] [PubMed]

http://dx.doi.org/10.4049/jimmunol.1300022
http://dx.doi.org/10.1615/CritRevImmunol.v23.i12.50
http://dx.doi.org/10.1002/hep4.1475
http://www.ncbi.nlm.nih.gov/pubmed/32258953
http://dx.doi.org/10.2147/OTT.S170385
http://www.ncbi.nlm.nih.gov/pubmed/30410357
http://www.ncbi.nlm.nih.gov/pubmed/26309533
http://dx.doi.org/10.3390/ijms21093349
http://dx.doi.org/10.1055/s-0038-1673621
http://dx.doi.org/10.1155/2014/638747
http://dx.doi.org/10.3389/fonc.2014.00070
http://dx.doi.org/10.3390/medicina55100698
http://dx.doi.org/10.18632/oncotarget.27439
http://dx.doi.org/10.3390/cancers11070942
http://dx.doi.org/10.3390/medicina55100707
http://www.ncbi.nlm.nih.gov/pubmed/31640191
http://dx.doi.org/10.1159/000503577
http://www.ncbi.nlm.nih.gov/pubmed/32071912
http://dx.doi.org/10.3390/medicina55120754
http://www.ncbi.nlm.nih.gov/pubmed/31766556
http://dx.doi.org/10.1002/hep.26731
http://www.ncbi.nlm.nih.gov/pubmed/24002931
http://dx.doi.org/10.3390/cancers12010212
http://www.ncbi.nlm.nih.gov/pubmed/31952209


Cancers 2020, 12, 2045 16 of 16

46. Trombetta, A.C.; Soldano, S.; Contini, P.; Tomatis, V.; Ruaro, B.; Paolino, S.; Brizzolara, R.; Montagna, P.;
Sulli, A.; Pizzorni, C.; et al. A circulating cell population showing both M1 and M2 monocyte/macrophage
surface markers characterizes systemic sclerosis patients with lung involvement. Respir. Res. 2018, 19, 186.
[CrossRef]

47. Dobosz, P.; Stempor, P.A.; Roszik, J.; Herman, A.; Layani, A.; Berger, R.; Avni, D.; Sidi, Y.; Leibowitz-Amit, R.
Checkpoint genes at the cancer side of the immunological synapse in bladder cancer. Transl. Oncol. 2020, 13,
193–200. [CrossRef]

48. Wang, Q.; Zhang, J.; Tu, H.; Liang, D.; Chang, D.W.; Ye, Y.; Wu, X. Soluble immune checkpoint-related
proteins as predictors of tumor recurrence, survival, and T cell phenotypes in clear cell renal cell carcinoma
patients. J. Immunother. Cancer 2019, 7, 334. [CrossRef]

49. Twomey, P.J.; Viljoen, A. Limitations of the Wilcoxon matched pairs signed ranks test for comparison studies.
J. Clin. Pathol. 2004, 57, 783.

50. Houser, B. Bio-Rad’s Bio-Plex(R) suspension array system, xMAP technology overview. Arch. Physiol. Biochem.
2012, 118, 192–196. [CrossRef]

51. Iida-Ueno, A.; Enomoto, M.; Uchida-Kobayashi, S.; Hagihara, A.; Teranishi, Y.; Fujii, H.; Morikawa, H.;
Murakami, Y.; Tamori, A.; Thuy, L.T.T.; et al. Changes in plasma interleukin-8 and tumor necrosis factor-alpha
levels during the early treatment period as a predictor of the response to sorafenib in patients with
unresectable hepatocellular carcinoma. Cancer Chemother. Pharmacol. 2018, 82, 857–864. [CrossRef] [PubMed]

52. Kanda, Y. Investigation of the freely available easy-to-use software ‘EZR’ for medical statistics. Bone Marrow
Transplant. 2013, 48, 452–458. [CrossRef] [PubMed]

53. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing:
Vienna, Austria, 2019.

54. Wickham, H. Ggplot2: Elegant Graphics for Data Analysis; Springer: New York, NY, USA, 2016.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1186/s12931-018-0891-z
http://dx.doi.org/10.1016/j.tranon.2019.10.018
http://dx.doi.org/10.1186/s40425-019-0810-y
http://dx.doi.org/10.3109/13813455.2012.705301
http://dx.doi.org/10.1007/s00280-018-3681-x
http://www.ncbi.nlm.nih.gov/pubmed/30178114
http://dx.doi.org/10.1038/bmt.2012.244
http://www.ncbi.nlm.nih.gov/pubmed/23208313
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Patient Characteristics 
	Changes in Plasma Soluble Checkpoint Protein Levels at Week 1 after the Initiation of Lenvatinib 
	Changes in Plasma Soluble Checkpoint Protein Levels at Weeks 2 through 4 after the Initiation of Lenvatinib 
	Changes in Plasma Soluble Checkpoint Protein Levels at Week 1 after TACE 
	Relationships between Fold-Changes in Plasma Soluble Immune Checkpoint Protein Levels 

	Discussion 
	Materials and Methods 
	Patients 
	Soluble Immune Checkpoint Protein Assays 
	Ethical Considerations 
	Statistical Analysis 

	Conclusions 
	
	References

