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Lenvatinib is a novel multikinase inhibitor that has recently
shown antitumor activity against hepatocellular carcinoma
(HCC) in a phase III trial. We report the case of a woman in whom
lenvatinib showed long-term antitumor activity, and in whom
computed tomography (CT) scans revealed a series of
suggestive radiological changes on the intratumor vascularity.
A 68-year-old woman with hepatitis C virus-related liver
disease presented with multiple HCCs. Following previous
therapy, including six sessions of transcatheter arterial
chemoembolization, we introduced lenvatinib monotherapy.
Lenvatinib could rapidly cause hypovascularity in the main
hypervascular target lesion, and portal vein tumor thrombosis
also became undetectable 11 months after the initiation of
lenvatinib. These radiological changes suggested that lenvatinib
could exert not only anti-angiogenic activity but also direct anti-
tumoral effect. Of note, CT scans during lenvatinib treatment re-
vealed the target lesion as a low-density area in the early arterial

phase, whereas scans during drug interruption due to protein-
uria showed that the lesion was enhanced in the arterial phase.
Finally, near-complete response could be achieved as the best
response. We successfully managed various adverse events in-
cluding proteinuria and hypertension, and the patient was able
to continue this lenvatinib therapy for more than 4 years with
well-controlled general condition. We report the first case of a
patient with HCC in whom lenvatinib monotherapy demon-
strated long-term antitumor activity. Suggestive radiological
changes reflecting intratumor vascularity as presented here
should be considered in patients receiving lenvatinib for HCC.
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INTRODUCTION

HEPATOCELLULAR CARCINOMA (HCC) is the
second most lethal malignancy worldwide,1–3 and

the prognosis of advanced HCC is especially dismal.4

Although sorafenib has been reported to prolong overall
survival (OS) among patients with unresectable HCC, its
antitumor effect is limited;5,6 less than 5%ofHCC patients

achieved a partial response (PR) in the SHARP trial,5 and
the objective response rate of sorafenib has also been lim-
ited in clinical practice.7,8 Numerous phase III trials of
molecular targeting agents for HCC have been undertaken,
but most have failed to reach their primary end-point,9–11

and sorafenib has been the only first-line systemic therapy
approved for HCC in the past 8 years.
E7080 (lenvatinib) is an oral multikinase inhibitor

targeting kinases including vascular endothelial growth
factor receptor (VEGF) 1–3, fibroblast growth factor recep-
tor (FGFR) 1–4, platelet-derived growth factor receptor-α,
RET, and KIT.12,13 Recently, a phase II, single-arm, open-
label multicenter study reported a high response rate to
lenvatinib monotherapy in patients with unresectable
HCC, with an acceptable safety profile.14 In a multicenter,
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randomized, open-label, phase III trial (REFLECT),
lenvatinib was compared with sorafenib and showed the
treatment effect on OS by statistical confirmation of non-
inferiority.15 This novel anti-angiogenesis multikinase in-
hibitor is thus now expected to be introduced into clinical
practice as a first-line systemic chemotherapy for advanced
HCC, along with sorafenib.16–18

We herein report the initial case of a female patient with
advanced HCC in whom lenvatinib monotherapy showed
long-term antitumor activity in a phase II study. She
achieved a near-complete response (CR) and remained
alive formore than 5 years after the initiation of lenvatinib.
We present her clinical course and the radiological results
suggestive of changes in intratumoral vascularity during
lenvatinib monotherapy.

CASE REPORT

THEPATIENTWAS a 68-year-old womanwith hepatitis
C virus-related HCC. She had a past medical history of

hypertension and spinal canal stenosis. She was a non-
smoker and social drinker. She had been diagnosed with
solitary HCC located in S8 by abdominal ultrasound so-
nography and computed tomography (CT) scan 5 years
previously. The patient’s HCC was a radiologically typical
solid nodule and eradicated following radiofrequency ab-
lation (RFA) therapy. However, multinodular intrahepatic
recurrences with portal vein invasion (P8) were identified
approximately 2 years after RFA, and six transcatheter arte-
rial chemoembolization (TACE) therapies were enforced.
She was refractory to TACE, and therefore participated in
the phase II trial of lenvatinib monotherapy, after provid-
ing written informed consent.
At the start of lenvatinib, her vital signs were within nor-

mal ranges and her Eastern Cooperative Oncology Group
performance status (PS) was 0. Her body height and body
weight were 149.5 cm and 55 kg, respectively. Laboratory
tests showed an α-fetoprotein concentration of 5.3 ng/mL
(normal range, <10 ng/mL) and an increased des-γ-
carboxy prothrombin (DCP) concentration of 254
mAU/mL (normal range,<39mAU/mL). Serum aspartate
aminotransferase, alanine aminotransferase, alkaline
phosphatase, and γ-glutamyl transpeptidase levels were
also elevated (Table 1). Her liver function was Child–Pugh
grade A (5 points).
A dynamic CT scan showed a typical hypervascular

HCC. A typical HCC lesion 29 mm in diameter was lo-
cated adjacent to the previously ablated area in S8 (Fig. 1),
and this nodule was considered as the target lesion for
lenvatinib therapy. Computed tomography findings also
showed tumor invasion into the anterior branch of the

right portal vein (VP2) (Fig. 1a,b). Liver biopsy prior to
the initiation of lenvatinib therapy revealed moderately
differentiated HCC (Fig. 2).
Based on the phase II study protocol, lenvatinib 12 mg

was given once daily (QD), but lenvatinib was interrupted
due to grade 3 thrombocytopenia after 2 weeks. After re-
covering from thrombocytopenia, lenvatinib was restarted
at a dose of 8 mg QD (level 1 dose reduction) and no re-
markable adverse events were found for 3 months. Com-
puted tomography findings at the first evaluation (week
8) showedmarkedly decreased intratumoral enhancement
in the early arterial phase suggesting decreased vascularity,
although the maximum diameter of the target lesion had
not changed compared with its pretreatment tumor size
(Fig. 1c). The therapeutic effect was determined to be PR
as assessed by modified Response Evaluation Criteria in
Solid Tumors (mRECIST) and stable disease as assessed
by conventional RECIST 1.1.
However, the patient developed grade 2 proteinuria and

lenvatinib therapy was interrupted by the investigator. A
second evaluation of the therapeutic effect of lenvatinib
was carried out by dynamic CT scan during the drug inter-
ruption, and showed unexpected apparent enhancement
over the target tumor in the early arterial phase, suggesting
increased intratumoral vascularity (Fig. 1d).

Table 1 Local laboratory data before the initiation of lenvatinib
in a 68-year-old woman with unresectable advanced
hepatocellular carcinoma with portal vein invasion

Variables Value Unit Variables Value Unit

WBC 5470 /μL Ch-E 329 IU/L
RBC 463 104/μL Na 141 mEq/L
Hemoglobin 13.8 g/dL K 3.8 mEq/L
Platelet 20.0 104/μL Cl 105 mEq/L
ALT 68 IU/L BUN 13.5 mg/dL
AST 56 IU/L Creatinine 0.42 mg/dL
ALP 629 IU/L Glucose 95 mg/dL
γGTP 143 IU/L CRP <0.2 mg/dL
LDH 239 IU/L PT 70 %
TP 8.4 g/dL AFP 5.3 ng/mL
Albumin 4.3 g/dL AFP-L3 0 %
T-BIL 0.5 mg/dL DCP 254 mAU/mL
D-BIL 0.1 mg/dL

γGTP, γ-glutamyl transpeptidase; AFP, α-fetoprotein; ALP, alkaline
phosphatase; ALT, alanine aminotransferase; AST, aspartate amino-
transferase; BUN, blood urea nitrogen, Ch-E, cholinesterase; CRP,
C-reactive protein; D-BIL, direct bilirubin; DCP, des-γ-carboxy pro-
thrombin; LDH, lactate dehydrogenase; PT, prothrombin time; RBC,
red blood cell; T-BIL, total-bilirubin; TP, total protein; WBC, white
blood cell.
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Figure 1 Top panel, clinical course of a 68-year-old woman with unresectable advanced hepatocellular carcinoma (HCC) with portal
vein invasion. Bottompanels, dynamic computed tomography (CT) scan findings. (a) Target lesion in S8, considered a typical HCCwith
enhancement in the arterial phase, prior to lenvatinib initiation. (b) Target nodule is shown as a defect lesion in the portal phase before
treatment. (c) CT scan 1month after initiation of lenvatinib shows decreased vascularity of the target lesion in the arterial phase. (d) CT
scan at the second assessment shows re-increase of intratumoral enhancement of the target lesion in the arterial phase. (e) CT scan
6 months after the initiation of lenvatinib, during therapy, shows that tumor enhancement had decreased again. (f) CT scan 1 year after
the initiation of lenvatinib, during therapy interruption, shows that intratumoral enhancement had increased again, but the maximum
tumor diameter had not changed. (g) CT scan 18months after the initiation of lenvatinib. (h) CT scan 26months after the initiation of
lenvatinib CT scans. (i) CT scan finding 3 years after the initiation of lenvatinib shows maintenance of decreased intratumoral vascular-
ity. [Color figure can be viewed at wileyonlinelibrary.com]
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The patient’s proteinuria improved after 1 week of ob-
servation. Lenvatinib 8 mg QD was therefore restarted, as
per the phase II study protocol. The next CT scan revealed
that the early enhancement of the target lesion had de-
creased again. At 11 months after the initiation of
lenvatinib therapy, portal vein tumor thrombosis was un-
detectable and there was no sign of vascularization of the
main tumor, together with a rapid decrease of DCP level
(Fig. 1e). The intratumoral enhancement of the target le-
sion in the early arterial phase was remarkably decreased,
however the best therapeutic effect evaluated by mRECIST
was PR. At 12 months after the initiation of lenvatinib, the
patient developed acute cholecystitis and interrupted
lenvatinib, and a subsequent CT scan showed re-
enhancement of the target lesion (Fig. 1f). Lenvatinib
was restarted again after her cholecystitis improved follow-
ing antibiotic treatment, and the next CT evaluation
showed that the target lesion had again become avascular
(Fig. 1g). Subsequent CT scans during lenvatinib treatment
revealed the target lesion as a low-density area in the early
arterial phase; scans during drug interruption due to pro-
teinuria showed that the lesion was enhanced in the arte-
rial phase (Fig. 1h,i). Lenvatinib 8 mg QD was continued
except for the interruption for 1 week to manage the grade
2 proteinuria, and the patient was able to continue this
lenvatinib therapy for more than 4 years, with well-
controlled general condition. She did not experience any
appetite loss, fatigue, abnormality of thyroid function, or
hand–foot syndrome during the observation period.
Stable disease was also able to be maintained, and impor-
tantly her liver function was maintained with Child–Pugh
grade A throughout the lenvatinib treatment. The OS of
this subject was 71 months. In summary, lenvatinib
monotherapy showed a long-term antitumor effect during

the clinical course of this patient with unresectable ad-
vanced HCC with portal vein invasion.

DISCUSSION

TO THE BEST of our knowledge, this is the first case re-
port detailing the long-term antitumor effect of

lenvatinib for advanced HCC. The observed adverse
events, including thrombocytopenia and proteinuria, were
well controlled, and long-term lenvatinib treatment was
achieved with no deterioration of PS. Lenvatinib has been
reported to inhibit VEGF1–3, FGFR1–4, platelet-derived
growth factor receptor-α, RET, and KIT, showing both
anti-angiogenic and direct antitumor activities.16–19 In this
case, the vascularity of the intrahepatic hypervascular nod-
ule was lost in the early phase of dynamic CT, soon after
treatment with lenvatinib. In addition, portal vein inva-
sion (VP2) and occlusion of the anterior branch of the
right portal vein disappeared completely 11 months after
initiation of lenvatinib. The former therapeutic effect indi-
cated the anti-angiogenic activity of lenvatinib, whereas
the latter indicated its direct antitumoral effect.
TypicalHCC lesions are characterized radiologically by a

tumor blush in the early-phase scan and as a defect area in
the late-phase scan on dynamic CT or magnetic resonance
imaging.20 Considering this radiological nature of typical
HCC, mRECIST was proposed in 2010.21 The significant
characteristics of this new criterion involve evaluating the
intratumor vascularity of the target lesions; that is,
hypervascular lesions in the early arterial phase in
mRECIST are regarded as viable lesions, and the longest
axis of the enhanced area in the arterial phase is the subject
for evaluation.21 Considering this, the disappearance of
intratumor vascularity of the target lesion after anti-

Figure 2 Histopathological examination of liver biopsy sample
before initiation of lenvatinib (hematoxylin–eosin staining,
×200) in a 68-year-old woman with unresectable advanced he-
patocellular carcinoma (HCC) with portal vein invasion. The
image shows moderately differentiated HCC tumor cells.
[Color figure can be viewed at wileyonlinelibrary.com]
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angiogenesis therapy might indicate CR or PR, even if the
maximum diameter of the target lesion remains un-
changed compared with baseline. According to this crite-
rion, the current case might be considered to have
achieved near-CR as the best tumor response.
From the radiological point of view, the CT changes

were considered to correlate with the anti-angiogenic activ-
ity of lenvatinib. In the current case, the hypervascular tar-
get lesion became hypovascular after anti-angiogenesis
therapy but became hypervascular again during the drug
interruption period. Although the target lesion demon-
strated in the CT scan at the first evaluation showed low
density in the arterial phase, which seemed to be necrotic,
it was still viable, based on the observation of a subsequent
re-increase in tumor vascularity. Although the vascularity
of the target lesion increased in the early period, we contin-
ued lenvatinib given that mRECIST indicated PR and be-
cause the patient’s general status was clinically stable.
Later, the patient showed nearly complete disappearance
of intratumor vascularity by CT with lenvatinibmonother-
apy, and her disease and general condition remained well
controlled for more than 4 years. Although mRECIST
seems to be a reasonable tool for evaluating the hemody-
namics in typical HCCs, clinicians should bear in mind
the possibility that the disappearance of intratumoral en-
hancement does not always indicate complete necrosis,
and viable tissues could remain even in hypovascular le-
sions after anti-angiogenetic therapy.
Recently, Hiraoka et al. reported the early therapeutic

responses of lenvatinib in real-world clinical practice.22

They showed the decrease of blood supply 1 month after
lenvatinib initiation, similar to the current case. Consid-
ering these clinical data, one of the therapeutic character-
istics of lenvatinib might be early radiologic change.
Although the early decrease of blood supply in our case
was considered not to be complete tumor necrosis, our
case actually achieved long survival time. It should be
confirmed whether these early radiologic changes could
be potential biomarkers to predict clinical outcome in-
cluding OS.
Des-γ-carboxy prothrombin could reflect both the tu-

mor viability and focal ischemic effect around the tumor
legion.23 In this case, DCP was elevated in the first month
and then gradually decreased to nearly normal value
11months after the initiation of lenvatinib. The first eleva-
tionmight reflect the focal ischemic effect around themain
tumor, and the following decrease should reflect the anti-
tumor effect. After that, the serum DCP level gradually in-
creased during the observation period. During lenvatinib
therapy, DCP worked as both a tumor marker and a sug-
gestion of tumor ischemia, leading to the complicated

dynamics of serum DCP value. As a result, it was difficult
for us to predict the treatment effect of lenvatinib from se-
rummarkers. Possible markers to predict the treatment ef-
fect are now urgently needed.
Another concern for clinicians might be the possibility

of conversion therapy after lenvatinib therapy. Consider-
ing its high objective response rate and low influence on
liver dysfunction, lenvatinib therapy could achieve
downstaging of tumors and lead to conversion therapy
with surgical resection. In fact, in the present case, when
the main tumor was well controlled and portal vein
invasion vanished, the additional surgical resection might
realize the “cure” from the tumor. The possibility of con-
version surgery during or after lenvatinib therapy should
be determined in real-world clinical practice.
In this case, we considered the scheduled interruption of

lenvatinib for 1week following grade 2 proteinuria and the
restart at the same dose. Because the efficacy of lenvatinib is
dose-dependent, the dose should be maintained for long-
term treatment continuation. Therefore, we recommend
treatment at the same dose in patients with low-grade ad-
verse events if the toxicity can be managed. Approval of
lenvatinib could provide an additional therapy option for
patients with unresectable HCC.16 In the phase III clinical
trial, lenvatinib showed not only non-inferiority to sorafe-
nib in terms of OS as the primary end-point, but also supe-
riority to sorafenib in terms of progression-free survival,
time to progression, and objective response rate as second-
ary end-points.15 Most lenvatinib-related adverse events,
including hypertension and proteinuria, are not life-
threatening and do not have significant impact on quality
of life. These lines of evidence suggest that lenvatinib could
be an option for first-line systemic therapy in patients with
unresectable HCC. In the current case, we were able to
manage the recurring proteinuria and continue lenvatinib
long-term, without deterioration of the patient’s physical
condition. To obtain the maximum effect from lenvatinib,
it is necessary to understand fully the radiological changes
occurring during molecular targeting therapy, to evaluate
the precise treatment effects and ascertain the best time to
switch to other treatment regimens. The suggestive radio-
logical changes observed in the current case could thus
help to guide the appropriate clinical use of molecular
targeting agents for HCC.
In conclusion, we report the first case of a patient with

advanced HCC in whom lenvatinib monotherapy showed
long-term antitumor activity. Clinicians should be
aware of the suggestive radiological changes reflecting
intratumor vascularity during treatment with the novel
anti-angiogenesis agent lenvatinib in patients with ad-
vanced HCC.
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