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Dear Editor,
Although immune checkpoint inhibitors (ICIs) are 

potential therapeutic agents for hepatocellular carcinoma 
(HCC), phase III clinical trials failed to show superiority 
over placebo in terms of prolonging survival [1]. Several 
reports stated that vascular endothelial signals affected 
the immunological microenvironment by upregulating 
regulatory T cells (Treg) in the tumor. We report a case 
of HCC with a unique clinical course, wherein adminis-
tration of the tyrosine kinase inhibitor, lenvatinib, was 
initially ineffective, but elicited a significant response by 
re-lenvatinib treatment after treatment with pembroli-
zumab.

A 56-year-old man was referred to our hospital on 
April 5, 2011. He was a hepatitis B virus (HBV) carrier 
with 8.3 log copies/mL of serum HBV-DNA and 52 IU/
mL of alanine aminotransferase (ALT). He was treated 
with entecavir 0.5 mg/day on April 25, 2011, and the se-
rum HBV-DNA level rapidly decreased to an undetect-
able level. On October 20, 2016, CT revealed HCC mea-
suring 2 cm in the widest diameter in segment 7 (S7) of 
his liver. Laparoscopic partial hepatectomy was per-
formed on November 22, 2016. In October 2018, he be-
gan experiencing dysuria and dyschezia. A metastatic le-
sion in the sacrum was seen on MRI. This was confirmed 
by histology through needle biopsy of the sacral lesion. 

Table 1. Laboratory data

At the time of first 
administration

At the time of  
administration  
after ICI failure

Blood chemistry
TP 6.9 g/dL 7.1 g/dL
Alb 4.1 g/dL 4.1 g/dL
BUN 16 mg/dL 15 mg/dL
Cr 0.64 mg/dL 0.69 mg/dL
T-bil 0.4 mg/dL 0.4 mg/dL
D-bil 0.1 mg/dL 0.1 mg/dL
ALP 277 U/L 251 U/L
AMY 91 U/L 70 U/L
LDH 189 U/L 158 U/L
AST 16 U/L 19 U/L
ALT 16 U/L 20 U/L
γGTP 20 U/L 20 U/L
CRP 0.158 mg/dL 0.024 mg/dL
ALBI score −2.93 −2.93
ALBI grade Grade 1 Grade 1

Coagulation
PT 102.9% 95.0%
INR 0.99 1.02

ICI, immune checkpoint inhibitors; AST, aspartate amino-
transferase; ALT, alanine aminotransferase; CRP, C-reactive pro-
tein; ALBI, albumin-bilirubin; PT, prothrombin time; INR, inter-
national normalized ratio.
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The sacral metastasis was irradiated (30 Gy/10 frequen-
cies) on October 10, 2018. Lenvatinib 12 mg/day was giv-
en on November 29, 2018. Despite partial response, tu-
mor progression was observed in July 2019. The micro-
satellite instability (MSI) detection study (FALCO 
Biosystems, Kyoto, Japan) using tissues from sacral me-
tastases in 2018 revealed MSI-high phenotype; pembroli-
zumab was administered on July 22, 2019. Pembrolizum-
ab was discontinued on October 28, 2019, because of rap-
id tumor growth and increased alpha-fetoprotein (AFP) 
levels with exacerbation of rectal and bladder distur-
bance. Because the hepatic reserve was maintained with 
albumin-bilirubin grade (ALBI) score of −2.93 (Table 1), 
lenvatinib 12 mg/day was readministered on November 
18, 2019, resulting in a rapid decrease in serum AFP lev-

els. On December 23, 2019, serum AFP levels were nor-
mal. The metastatic lesion showed significantly decreased 
fluorodeoxyglucose uptake, revealed by positron emis-
sion tomography-CT on January 29, 2020 (clinical cours-
es are shown in Fig. 1).

Immunostaining of the needle biopsy specimen of the 
sacral metastases showed CD4+ and CD8+ cells. CD4+ was 
predominant in the tumor-infiltrated lymphocytes (TILs) 
(Fig. 2b, c). We also found the expression of programmed 
cell death 1 (PD-1) in 10% of the TILs (Fig. 2d). Dense 
expression of programmed cell death ligand 1 (PD-L1) in 
the tumor was noted (Fig. 2e). Furthermore, a consider-
able number of Foxp3+ TILs was seen in the HCC tissues 
(Fig. 2f).
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Fig. 1. Tumor control by the reintroduction of lenvatinib. The 
sacral metastasis was irradiated (30 Gy/10 frequencies) on October 
10, 2018. After this, lenvatinib 12 mg/day was given on November 
29, 2018. A partial response was noticed probably by radiation 
therapy, but tumor progression was observed in July 2019. The 
patient received pembrolizumab on July 22, 2019, because of the 
microsatellite instability-high phenotype confirmed by the MSI 
detection test (FALCO Biosystems, Kyoto, Japan). Pembrolizum-
ab was discontinued on October 28, 2019, because of the rapid tu-

mor growth and increased AFP levels, accompanied by exacerba-
tion of rectal and bladder disturbance. Lenvatinib 12 mg/day was 
reintroduced on November 18, 2019, leading to a rapid decrease in 
serum AFP level. On December 23, 2019, serum AFP was reduced 
to the normal level with a significant decrease in FDG uptake in 
the metastatic lesion, shown by positron emission tomography-CT 
on January 29, 2020. AFP, alpha-fetoprotein; FDG, fluorodeoxy-
glucose.
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In this case, lenvatinib was administered after radia-
tion, and the tumor showed a partial response for 30 
weeks probably because of the effect of radiotherapy. 
However, the tumor was noticed to have progressed ap-
proximately 8 months after the introduction of lenva-
tinib. Since the metastatic lesion was MSI-high, pembro-
lizumab was given as the second-line treatment, resulting 
in disease progression. The response of pembrolizumab 
to MSI-high tumor was reportedly 30–35% of cases [2]. 
ICIs were reportedly refractory to bone lesions in non-
small-cell lung cancer cases [3]. In addition, a significant 
number of Treg in the tumor was observed. PD-1 and 
PD-L1 expression was observed in TILs and tumor cells, 
respectively. Although the frequency of MSI-H is rare in 
HCC, which is as low as 1.11% [4], and thus there are no 
reports for Treg infiltration in HCC with HSI-H, it has 

been reported that Treg infiltration is high in colorectal 
cancer with MSI-H [5].

We chose to readminister lenvatinib because the pa-
tient refused surgical treatment and expectation of im-
mune modulation effect during long-lasting binding of 
pembrolizumab to T cells. This lenvatinib re-treatment 
led to successful shrinkage of the tumor. Vascular endo-
thelial growth factor (VEGF) induces Treg, tumor-asso-
ciated macrophage, and myeloid-derived suppressor 
cell. It contributes to the establishment of an immuno-
suppressive tumor microenvironment [6]. Therefore, 
VEGF inhibition improves the immunosuppressive mi-
croenvironment and restores the antitumor immunity 
of ICIs. Previous reports have shown that mixed culture 
of VEGF-producing HCC cells with PBMC increased % 
Tregs, which was suppressed by the addition of bevaci-
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Fig. 2. Immunostaining using a needle biopsy specimen of sacral 
metastases. CD3+ (a), CD4+, and CD8+ cells were observed. CD4+ 
cells were predominant in the TILs (b, c). We also found the ex-
pression of PD-1 in 10% of TILs (d), along with a dense expression 
of PD-L1 in the tumor (e). (f) A considerable number of Foxp3+ 
TILs were also observed in HCC tissues. The antibodies used were 
CD3 and CD4 (Roche Diagnostics, Tokyo, Japan), CD8 (Nichirei 

Bioscience, Tokyo, Japan), PD-1, PD-L1, and FoxP3 (Abcam, 
Cambridge, UK). CD3 staining (a), CD4 staining (b), CD8 stain-
ing (c), PD-1 staining (d), PD-L1 staining (e), and FOXP3 staining 
(f). Bar, ×200. TILs, tumor infiltrated lymphocytes; PD-1, pro-
grammed cell death 1; PD-L1, programmed cell death ligand 1; 
HCC, hepatocellular carcinoma.
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zumab [7]. Previous reports showed that the ability of 
ICIs to bind with T lymphocytes persisted for at least 20 
weeks after the discontinuation of ICIs [8]. In the pres-
ent case, monotherapy with either lenvatinib or pem-
brolizumab failed to elicit an antitumor response. How-
ever, sequential therapy with ICI followed by readmin-
istration of lenvatinib induced a positive response. 
Immunohistochemical staining showed infiltration of 
CD4+ and CD8+ cells with expression of PD-1 and PD-
L1 on TILs and tumor cells, respectively. These findings 
suggested that the tumor was sensitive to ICIs. However, 
dense infiltration of Tregs hampered the effect of ICI 
monotherapy. The anti-VEGF effect of lenvatinib pre-
vented the antitumor immunity of Treg, promoted the 
sustained effect of pembrolizumab, and resulted in suc-
cessful treatment of the tumor. In addition, in this case, 
lenvatinib could be reintroduced, where preserved he-
patic function was considered to be critical for ensuring 
the efficacy and safety of lenvatinib [9]. In conclusion, 
not only combination but also sequential therapy using 
ICI followed by VEGF inhibitors effectively treated a 
case of HCC that was refractory to anti-VEGF or ICI 
monotherapy.
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