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Infiltration of T Cells and Programmed Cell Death Ligand 1-expressing
Macrophages as a Potential Predictor of Lenvatinib Response in Hepatocellular Carcinoma
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Background/Aims: Lenvatinib was recently proven to be non-inferior to sorafenib in treating
unresectable hepatocellular carcinoma (HCC) in a phase-3 randomized controlled trial. In this study,
we investigated whether the response to lenvatinib was affected by tumor immunogenicity.
Methods: Between May 2019 and April 2020, nine patients with intermediate-to-advanced HCC,
who were treated with lenvatinib after liver biopsy, were enrolled. Immunohistochemical staining
and multi-color flow cytometry were performed on specimens obtained from liver biopsy.
Results: Among the nine patients enrolled, four showed objective responses (complete
responses+partial responses). Immunohistochemical staining for CD3, CD68, and programmed
cell death ligand 1 (PD-L1) demonstrated that patients with objective responses showed marked
infiltration of T cells and PD-L1-expressing macrophages in intra-tumoral and peri-tumoral
tissues compared to those without objective responses. A significant difference in the numbers
of infiltrated T cells, both in the intra-tumoral (P<0.01) and peri-tumoral regions (P<0.05), were
identified between responders and non-responders. Regarding the number of infiltrated
macrophages, no significant difference was found between the responders and non-responders,
although the number of PD-L1-expressing tumor-associated macrophages was significantly
higher in responders than that in non-responders (P<0.05).
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Conclusions: Tumor immunogenicity, as indicated by T cell and PD-L1-positive macrophage
infiltration, affects lenvatinib response in unresectable HCC. (J Liver Cancer 2020;20:128-134)
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INTRODUCTION
Liver cancer is the fourth most common cause of malig-
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nancy-associated mortality. 1 Hepatocellular carcinoma
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(HCC) accounts for 80% of the primary malignant liver cancers.1 In 2007, sorafenib, a multi-target tyrosine kinase inhibitor, was approved for the treatment of unresectable HCC.
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Although sorafenib improves the overall survival of patients
with unresectable HCC, the survival benefit is modest.

METHODS

2,3

Similar to sorafenib, lenvatinib is an oral multi-target tyrosine kinase inhibitor. Evidence from preclinical studies indi-

This study was conducted after approval from the Institutional Review Boards of Seoul St. Mary’s Hospital and Eun-

cates that its potent antiangiogenic activity is associated with

pyeong St. Mary’s Hospital (XC20RIDI0063).

the inhibition of the fibroblast and vascular endothelial
growth factor (VEGF) signaling pathways.4 A recent interna-

1. Study design and population

tional multi-center clinical trial comparing lenvatinib with
sorafenib as the first-line treatment for unresectable HCC

This study was approved by the Institutional Review Board

found that the median overall survival of patients treated

of Eunpyeong St. Mary’s Hospital and Seoul St. Mary’s Hos-

with lenvantinib was non-inferior to that of patients treated

pital (XC20RIDI0063). We retrospectively reviewed the

with sorafenib, although lenvatinib was superior to sorafenib

medical records of nine patients with unresectable HCC who

in terms of objective response rate and progression-free sur-

underwent liver biopsy prior to lenvatinib treatment at these

5

vival. Consequently, lenvatinib was approved as the first-line

hospitals between May 2019 and April 2020. The most recent

therapy for unresectable HCC in countries including Korea,

guidelines issued by the European Association for the Study

6,7

Japan, China, the EU, and the USA.

of the Liver and the American Association for the Study of

HCC is recognized as an immune-tolerant malignancy.8

Liver Diseases were used to diagnose HCC.18,19 The diagnos-

Overexpression of immune inhibitory molecules, such as

tic methods included imaging with multiphasic computed

programmed cell death protein-1 (PD-1), leads to the ex-

tomography and magnetic resonance imaging and serum as-

1,9

haustion of activated CD8+ T cells. Moreover, the infiltra-

says for alpha-fetoprotein (AFP) and other tumor markers.

tion of various immune cells, such as tumor-associated mac-

Liver biopsies were performed for assessment via immuno-

rophages (TAMs), leads to an immunosuppressive

histochemistry and flow cytometry.

microenvironment.10,11 However, only 14-18% of the patients
who receive pembrolizumab or nivolumab monotherapy
demonstrate objective tumor responses.

12-14

2. Response evaluation

Moreover, unlike

that in other solid tumors, no significant association was

Lenvatinib treatment response was evaluated 6-8 weeks af-

identified between tumor cell programmed cell death ligand

ter treatment initiation using the modified RECIST criteria.20

1 (PD-L1) expression and anti-PD-1 responses in HCC, as

In cases where none of the target lesions demonstrated arte-

reported by the Keynote-224 and CheckMate-040 stud-

rial enhancement, the tumor was categorized as being in

ies.9,15,16

complete remission. Where the sum of the diameters of via-

A previous report has demonstrated that lenvatinib re-

ble target lesions was reduced by 30%, remission was defined

17

quires the help of CD8+ T cells to exert antitumor activity.

as partial (PR). In contrast, when the sum of viable target le-

Moreover, tumor volume was significantly reduced through
the use of lenvatinib in combination with the anti‐PD‐1 anti-

sions increased by 20% or more, the disease was categorized

body in a mouse syngeneic Hepa1‐6 HCC tumor model.

17

as progressive (PD). Any diseased state that did not meet the
criteria of PR or PD was defined as stable.3,20

These findings in mice have suggested that lenvatinib exerts
immunomodulatory and antitumor effects. In this study, we

3. Flow cytometry

evaluated the role of infiltrating immune cells in lenvatinibtreated unresectable HCC through the application of immunohistochemistry and multicolor flow cytometry of patient’s

cytometry: BV510-conjugated anti-CD163, APC-H7-conju-

samples, which were obtained by biopsy.

gated anti-Human Leukocyte Antigen-DR isotype (HLA-
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The following antibodies were used for multi-color flow
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DR) (BD Biosciences, San Jose, CA, USA), PE-eFluor

Table 1. Baseline characteristics of the enrolled patients

610-conjugated anti-CD14 (eBioscience Inc., San Diego, CA,

Clinical parameter

USA), PE/Cy7-conjugated anti-PD-L1, and APC-conjugated

Median age (range, years)

anti-CD206 (BioLegend, San Diego, CA, USA). Multi-color

Sex (male)

9 (100)

flow cytometry was performed using the LSR Fortessa (Bec-

HBsAg-positive

6 (67)

ton Dickinson, Franklin Lakes, NJ, USA ), and data were analyzed using the FlowJo software (TreeStar, Ashland, OR,

Anti-HCV-positive

1 (11)

USA) as per previously described methods.21

4. Statistical analyses
The SPSS version 26 software (IBM Corp., Armonk, NY,
USA) was used for data analysis. The categorical variables associated with two groups (i.e., patients demonstrating responses to lenvatinib treatment and those not presenting responses) were analyzed using a chi-square test, and the
groups’ continuous variables were assessed using an independent t -test. Results with P <0.05 were regarded as statistically significant.

Median tumor size (cm)

Value (n=9)
57 (43-76)

6.5

<5 cm

3 (33)

≥5 cm

6 (67)

Multiple tumors

7 (78)

Portal vein tumor thrombosis

4 (44)

Extrahepatic metastasis
Median AFP (range, ng/mL)

1 (11)
2,031 (2.1-160,000)

Child-Pugh score
5

5 (56)

6

4 (44)

Prior therapy to lenvatinib
Surgical resection

1 (11)

TACE/HAIC

5 (56)

Sorafenib

0

Best responses to nivolumab

RESULTS
1. Patient characteristics
The baseline clinical characteristics of the nine enrolled
patients are shown in Table 1. The median patient age was 57
years, and the principal etiology of HCC was hepatitis B virus

Complete response

0

Partial response

4 (44)

Stable disease

2 (22)

Progressive disease

3 (33)

Values are presented as number (%) unless otherwise indicated.
HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; AFP, alpha
fetoprotein; TACE, transarterial chemoembolization; HAIC, hepatic
arterial infusion chemotherapy.

infection (67%). Extrahepatic metastases were reported in
one patient, and portal vein tumor thrombosis was identified
in four patients. The median alpha-fetoprotein (AFP) level
was 2,031 ng/mL. All patients were classified as having ChildPugh class A at the time of lenvatinib start. Prior to systemic

2.	Objective responses to lenvatinib were associated with intra-tumoral/peri-tumoral infiltration
of T cells or PD-L1-expressing macrophages

therapy, most patients underwent local–regional therapies,
such as trans-arterial chemoembolization or hepatic arterial

First, we compared the frequency of intra-tumoral or peri-

infusion chemotherapy. The median lenvatinib treatment

tumoral T cells and macrophages between lenvatinib re-

duration was 9 weeks. Patients with bodyweights of more

sponders (CR+PR, n=4) and non-responders (SD+PD, n=5)

than 60 kg received 12 mg of lenvatinib and those weighing

using immunohistochemistry data (Fig. 1). Lenvatinib re-

less than 60 kg received 8 mg.

sponders showed a significantly higher frequency of intra-tumoral (Fig. 1A) and peri-tumoral (Fig. 1B) T cells than lenvatinib non-responders. However, there were no significant
differences in the frequency of intra-tumoral (Fig. 1C) and
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A

B

C

D

E

Figure 1. Objective responses to lenvatinib are associated with intra-tumoral/peri-tumoral infiltration of T cells or programmed cell death ligand 1
(PD-L1)-expressing cells. (A) Frequency of intra-tumoral T cells in lenvatinib responders (n=4) and lenvatinib non-responders (n=5). (B) Frequency of
peri-tumoral T cells in lenvatinib responders and lenvatinib non-responders. (C) Frequency of intra-tumoral macrophages in lenvatinib responders
and lenvatinib non-responders. (D) Frequency of peri-tumoral macrophages in lenvatinib responders and lenvatinib non-responders. (E) Frequency
of PD-L1-expressing cells in lenvatinib responders and lenvatinib non-responders. Bar graphs represent the mean±standard deviation. *P<0.05;
†
P<0.01.

peri-tumoral (Fig. 1D) macrophages between lenvatinib re-

Flow cytometry using intra-tumoral liver biopsy specimens

sponders and non-responders. Total PD-L1-expressing cells

demonstrated that TAMs, which expressed high levels of

were represented by combined positive scores, and lenvatinib

CD206 and CD163, also expressed high levels of PD-L1 in

responders presented significantly higher numbers than non-

lenvatinib responders. Moreover, PD-L1 expression showed

responders.

a positive correlation with HLA-DR expression, thereby indicating that these TAMs might activate cognate effector T

3.	Tumor-associated macrophages were the
primary cells expressing PD-L1 in HCC

cells after PD-1/PD-L1 blockade (Fig. 2B). In contrast, lenvatinib non-responders showed less CD3+ T cell infiltration
in both peri-tumoral and intra-tumoral regions. Moreover,

Next, we investigated which cell types expressed PD-L1 in

CD68+ TAMs did not express PD-L1 in lenvatinib non-re-

the tissues of lenvatinib responders. Fig. 2A is representative

sponders, although a considerable number of TAMs infil-

of the immunohistochemistry of lenvatinib responders. This

trated (Fig. 2C).

panel includes three distinct parts: T cell compartment
(CD3+), macrophage compartment (CD68+), and tumor-

DISCUSSION

cell compartment. Interestingly, PD-L1 was generally expressed only in the macrophage compartment and was rarely

Lenvatinib was recently reported to exert significant im-

expressed in T cell or tumor-cell compartments (Fig. 2A).

munomodulatory activity in a Hepa1-6 mouse HCC model.17
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A

B

C
Figure 2. Tumor-associated macrophages are the primary cells expressing programmed cell death ligand 1 (PD-L1) in hepatocellular carcinoma after
lenvatinib treatment. (A) Immunohistochemistry of CD3, CD68, and PD-L1 in the biopsy specimen of a lenvatinib responder. (B) Flow cytometry
analysis of PD-L1, Human Leukocyte Antigen-DR isotype, CD206, and CD163 expression in intra-tumoral macrophages. (C) Immunohistochemistry of
CD3, CD68, and PD-L1 in the biopsy specimen of a lenvatinib non-responder.

Another recent study using single-cell analysis has demon-

strated that the expression of PD-1 and other inhibitory

strated that lenvatinib reduces the population of TAMs.22

checkpoints is upregulated by VEGF-A secreted by cancer

These findings suggest that lenvatinib not only potently in-

and stromal cells and that immune regulatory function is

hibits angiogenesis but also exerts considerable immuno-

disrupted when VEGF receptor signaling is targeted with

modulatory effects. Moreover, recent reports have demon-

VEGF receptor inhibitors.23,24 These studies suggest that len-
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vatinib can promote antitumor immunity by inhibiting

may elucidate the precise function of TAMs and the im-

VEGF signaling pathways, resulting in the activation of

mune-modulatory function of lenvatinib treatment in HCC.

CD8+ T cells and a reduction in the TAM population.
Monocytic cells in the peripheral circulation are recruited
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antitumor immune responses.
Noteworthy, our study also suggests that treatment with
lenvatinib plus anti‐PD‐1/PD-L1 blockade may be a promising combinatorial strategy for immune‐based HCC therapy.
In general, two different drugs with different mechanisms of
T cell restoration have synergistic anti-tumor activity. Therefore, treatment with lenvatinib (anti-VEGF activity) + antiPD-1/PD-L1 will probably result in better responses in HCC
than treatment only with the single agent.
This study includes the following limitations: 1) A retrospective study design, 2) a small number of patients, 3) a
short follow-up period, 4) a single-arm design.
In conclusion, our study demonstrates that tumor immunogenicity, reflected by T cell and PD-L1-positive macrophage infiltration, affects the response of unresectable HCC
to lenvatinib. Future studies with larger numbers of patients
https://www.e-jlc.org/
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