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Abstract

Although systemic treatment for hepatocellular carcinoma has advanced after the development of tyrosine kinase inhibitors
such as sorafenib and lenvatinib, the effectiveness of a single tyrosine kinase inhibitor in survival extension of unresectable
hepatocellular carcinoma is limited to a few months. Therefore, novel treatment options are required for unresectable hepa-
tocellular carcinomas, including those with multiple lung metastases. This case report describes a hepatocellular carcinoma
patient with a recurrence of multiple lung metastases, which was successfully treated with conversion pneumonectomy after
treatment with tyrosine kinase inhibitors. A 79-year-old man underwent right hepatectomy for hepatocellular carcinoma,
along with removal of the tumor thrombus in the inferior vena cava. Multiple lung metastases were detected 4 months after
hepatectomy. Treatment with tyrosine kinase inhibitors, mainly lenvatinib, resulted in complete remission of the lung metas-
tases, except for one lesion in segment 3 of the right lung which gradually enlarged. Twenty-three months after hepatectomy,
partial resection of the right lung was performed using video-assisted thoracic surgery for this residual lesion in the right
lung. The patient remained disease-free for 11 months after conversion pneumonectomy, without any adjuvant therapies.
This is the first case report of multiple lung metastases originating from hepatocellular carcinoma which were successfully
treated with conversion pneumonectomy after treatment with tyrosine kinase inhibitors. Conversion pneumonectomy after
systemic therapy with tyrosine kinase inhibitors should be considered as a treatment strategy for patients with unresectable
multiple lung metastases from hepatocellular carcinomas.

Keywords Hepatocellular carcinoma - Lung metastasis - Tyrosine kinase inhibitors - Lenvatinib - Conversion surgery

Introduction

The development of tyrosine kinase inhibitors (TKIs) has
improved the treatment outcomes of unresectable hepatocel-
lular carcinoma (HCC), including HCC with unresectable
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extrahepatic metastasis [1]. However, the effectiveness of
single-TKI therapy is limited to improving overall survival
(OS) to approximately 3 months [2], necessitating the devel-
opment of novel treatment strategies for unresectable HCC
with extrahepatic metastasis.

The lung is the most frequent site of extrahepatic metas-
tasis originating from HCC, accounting for 30-50% of such
lesions [3-5]. The prognosis of lung metastasis originating
from HCC (LM-HCC) in the absence of any anti-cancer ther-
apies is poor, with a median survival time of 6—10 months
[5, 6]. Moreover, the complete remission rate, < 1%, with
systemic therapy for HCC is low [1]. Therefore, surgery is
considered the only treatment for LM-HCC that can yield
long-term survival, with a 5-year OS rate of 27.5-66.9%
[7-12]. However, surgical resection for LM-HCC is report-
edly effective only for cases with localized lung metastasis.
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Hence, novel treatment strategies are required for the treat-
ment of unresectable LM-HCC.

Conversion surgery has become routine practice for some
malignancies, including colorectal cancer and gastric cancer
with unresectable metastases [13—17]. However, few stud-
ies have investigated the utility of conversion surgery for
unresectable HCC [18-24]. Herein, we report the first case
of successful removal of unresectable LM-HCC using con-
version surgery, after oral TKI administration.

Case report

A 79-year-old man in good general condition was referred
to our department for HCC treatment. Despite a prior
history of hepatitis B virus infection, after seroconver-
sion, the patient had good liver function with Child—Pugh
class A. Alpha-fetoprotein (AFP) was 14,626.7 ng/mL,
and protein induced by vitamin K absence/antagonist-11
(PIVKA-II) was 104,990 mAU/mL. Dynamic contrast-
enhanced computed tomography (CT) revealed an HCC

Fig.1 a Computed tomography (CT) during the arterial phase
showed a liver tumor measuring 10.8 cm that exhibited enhance-
ment in segment 8 (S8) of the liver. b CT during the delayed phase
depicted a liver tumor measuring 10.8 cm, which did not exhibit
enhancement, in S8 of the liver. ¢ CT during the delayed phase
showed a tumor thrombus was observed extending from the right
hepatic vein to the inferior vena cava. The white arrow points to the
tumor thrombus in right hepatic vein, and the tumor thrombus in the
inferior vena cava is indicated by the yellow arrow showing a low-
density area in the inferior vena cava. d CT of the lung field showed
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in segment 8 (S8) of the liver (maximum dimension:
10.8 cm) with a tumor thrombus in the inferior vena
cava (Fig. la—c). Right hepatectomy was performed at
our department. The tumor thrombus in the inferior vena
cava was removed through a small incision in this ves-
sel, after securing the right hepatic vein with a rubber
vessel loop and half-clamping the inferior vena cava
(Fig. le). The pathological section showed that the HCC
was mainly moderately differentiated with a mixture of
well and poorly differentiated. There was no intrahepatic
metastasis. Tumor thrombi were present in the inferior
vena cava and right hepatic vein. Union for International
Cancer Control (UICC) tumor, nodes, metastasis (TNM)
classification was pT4NOMO pStage IIIB. The postop-
erative clinical course was good. The patient was dis-
charged from our hospital on post-hepatectomy day 13.
The serum AFP and PIVKA-II levels (Fig. 2) decreased
to 76.4 ng/mL and 1745 mAU/mL, respectively, but did
not return to the normal range 1 month after hepatectomy.
AFP declined to 3 ng/mL (i.e., within the normal range)
4 months post-hepatectomy. However, PIVKA-II was

no pulmonary metastasis before hepatectomy. e Macroscopic appear-
ance of the liver tumor. The cut surface of the resected specimen
showed a white, solid and simple nodular mass with extranodular
growth. The greatest dimension of the mass measured 10.0 cm. A
tumor thrombus was observed in right hepatic vein. f Histological
appearance of the tumor. The tumor cells had abundant eosinophilic
cytoplasm and hyperchromatic nuclei, and showed a macrotrabecu-
lar growth pattern. Pseudoglandular and solid growth patterns, and
necrosis were also observed (not shown here). H-E: hematoxylin—
eosin, scale bar: 250 pm
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Fig.2 Serum levels of the tumor markers, AFP, and PIVKA-II, dur-
ing the clinical course. AFP decreased markedly and returned to
the normal range after the first hepatectomy. However, PIVKA-II
remained high. PIVKA-II decreased and turned to the normal range
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Fig.3 a CT of the lungs 3 months after hepatectomy showed multi-
ple lung metastases. The lung metastases in S3 of the right lung are
circled in red; other lesions are circled in yellow. b CT of the lungs
18 months after hepatectomy showed all lung metastases had disap-

re-elevated to 16,600 mAU/mL, and multiple lung metas-
tases were detected on CT (Figs. 2, 3a). Systemic therapy
was initiated with lenvatinib at a dose of 8 mg per day,
5 months after hepatectomy. The patient’s body weight
at the time of systemic therapy initiation was 61.2 kg.
However, lenvatinib was reduced from 8 mg per day to

peared, except for the one in S3 of the right lung. ¢ CT of the lungs
22 months after hepatectomy showed that the size of the residual
lesion in S3 of the right lung had increased to 4.2 cm. CT: computed
tomography

4 mg per day due to the appearance of grade 3 proteinuria
8 months after hepatectomy. Thereafter, all lung metas-
tases decreased gradually and complete remission was
achieved, except for one lung metastasis in segment 3 (S3)
of the right lung, which was identified 18 months after
hepatectomy. The metastatic lesion in S3 of the right lung
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had enlarged to 2.3 cm (Fig. 3b). Lenvatinib was replaced
with sorafenib 400 mg per day, 18 months after hepatec-
tomy. However, lenvatinib therapy was reinstated since
the patient developed grade 2 proteinuria 20 months after
hepatectomy. CT detected an enlargement of the residual
lung metastasis to 4.2 cm, 22 months after hepatectomy
(Fig. 3c). However, the other lung metastases continued
to show complete response. Since the remaining lung
metastasis was the only evaluable lesion, partial resec-
tion of the right lung was performed with video-assisted
thoracic surgery (VATS) at another hospital, 23 months
after hepatectomy (Fig. 4a). Oral administration of len-
vatinib was withdrawn 19 days before VATS. The patho-
logical findings of the excised lung tumor corresponded
to metastatic lung tumor derived from HCC and showed
that the lung tumor contained poorly, moderately, and
well-differentiated components and did not differ from
the primary tumor. There were no signs indicating the
effectiveness of systemic therapy (Fig. 4b). The patient
was followed up at the outpatient clinic of our department
without adjuvant systemic therapies.

Fig.4 a Macroscopic appearance of the lung tumor. The cut sur-
face of the resected specimen showed a white, substantial prolifera-
tive mass with necrosis and hemorrhage at the center of the tumor.
The greatest dimension of the mass measured 5.5 cm. b Histological
appearance of the tumor. The nuclei of the tumor cells were enlarged,
and the cells showed partial pseudoglandular structures with cord-like
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Discussion

This case report described HCC that recurred as unresect-
able multiple lung metastases after hepatectomy. Complete
response was achieved for 13 months, mainly with len-
vatinib, except for one lesion in S3 of the right lung. The
only evaluable residual metastasis in the right lung was
resistant to lenvatinib, resulting in focal progression, neces-
sitating conversion surgery with VATS. Complete remis-
sion of the evaluable lesion was achieved via conversion
pneumonectomy, and the patient remained disease-free for
11 months without any adjuvant treatments. Systemic ther-
apy with TKIs succeeded in downstaging the unresectable
LM-HCC to resectable LM-HCC, to achieve disease-free
status via conversion surgery.

Surgical resection and systemic therapy can be consid-
ered treatment options for LM-HCC. Some retrospective
cohort studies recommend surgical excision for resectable
LM-HCC, since it is practically the only modality that can
be expected to prolong long-term survival (5-year OS:
27.5-66.9%) [7-12]. In addition, the safety and feasibility
of lung resection combined with lenvatinib administration

11th months

after VATS

structures similar to hepatocellular carcinoma. There was no finding
indicating the effect of lenvatinib (hematoxylin and eosin stain, scale
bar: 250 pm). ¢ CT of the lungs 11 months after VATS showed no
recurrence of lung metastasis. CT: computed tomography, VATS:
video-assisted thoracic surgery
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Table 1 Case reports on protocols with lenvatinib followed by conversion surgery for hepatocellular carcinoma

Ref. Age/sex Reason for unresec- Effect of lenvatinib ~ Type of hepatec- RO resection Prognosis Postoperative
tivity tomy drug therapy
[18] 59/M PVTT reduction of PVTT  Left hepatectomy - (+) 8 m alive with no (-)
PVTT removal recurrence
[19] 69/M Growth rate reduction of tumor  Hepatectomy of S7  (—) 1 y alive (+)
segment
[20] 69/M Number PR Partial hepatectomy (+) 6 m alive with no (-)
recurrence
72 /F Number PR Left hepatectomy (+) 3 m alive with no (-)
recurrence
73/M Number PR MWA - 6 m alive with no (+)
recurrence
[21] 58'M Large size, PVTT,  Disappearance of Extended right - 9 m alive with no +)
lung metastasis metastasis hepatectomy recurrence
[22] 82/F Lung metastasis Disappearance of Extended posterior  (+) 5 m alive with no =)
metastasis sectionectomy recurrence
[23] 66/F Large size PR Extended right (+) 3 m alive with no -
hepatectomy recurrence
[24] 82/F Lung metastasis - Extended posterior  (4) 5 m alive with no -

This case report 79/M Lung metastasis Disappearance of all

but one metastasis

Partial pneumonec- (+)

segmentectomy recurrence

7 m alive with no (=)
tomy recurrence

should be considered, as both approaches may cause dete-
rioration of respiratory function, warranting further inves-
tigation. Although a phase-3 clinical trial investigating the
effectiveness of lenvatinib on HCC [1] and thyroid cancer
[25] did not report interstitial pneumonia, 4 case reports
described the occurrence of interstitial pneumonia during
lenvatinib administration [26—-29]. Our patient did not show
signs of interstitial pneumonia during treatment with TKIs.
His preoperative examination of pulmonary function was
within the normal range. Hence, we performed lung resec-
tion for our patient.

Characteristics of the residual lesion in S3 of the right
lung and the other metastatic lesions that disappeared were
considered different, given the different responses to len-
vatinib. These differences in the characteristics may be
attributed to the differences between the original primary
HCC component of the S3 lesion and the other lung metas-
tases, which resulted from the intra-tumoral HCC heteroge-
neity [30]. Since lung metastases with complete response
could not be identified, this aspect of our case could not
be evaluated by pathological examination. However, the
lung tumors that disappeared were assumed to be meta-
static lesions from HCC, given the history of PIVKA-II
increase with the appearance of the lesions and decrease in
PIVKA-II levels with lenvatinib initiation. Focal progression
during systemic therapy has also been reported for other
neoplasms, such as a gastrointestinal stromal tumor and non-
small cell lung cancer during imatinib administration [31]
and gefitinib administration [32], respectively. Retrospective

cohort studies reported the survival benefits of local therapy,
including surgery and ablation therapy, for residual evalu-
able lesions that underwent focal progression during TKI
therapy for these aforementioned malignancies [31, 33].
Conversion surgery has become a widespread clinical
modality for other malignancies, such as colorectal and gas-
tric cancer [13—17]. Although the efficacy of conversion sur-
gery post-TKI administration remains to be established for
HCC, favorable postoperative outcomes have been reported
for 9 cases of conversion surgery after TKI administration
for HCC (Table 1) [18-24]. A recent, large cohort study
indicated that the rate of conversion surgery for unresect-
able HCC after administration of lenvatinib was 8.4% [34],
but conversion surgery for LM-HCC has not been reported
previously and the appropriate timing for conversion surgery
is unknown. The partial response rate by modified Response
Evaluation Criteria in Solid Tumor (mRECIST) of lenvatinib
for unresectable HCC was 22.8% [1], and the presence of
LM-HCC could be a good indication for conversion VATS
if the LM-HCC responds to lenvatinib and is resectable. The
rate of conversion surgery for lung metastases is expected to
be lower than the partial response rate of lenvatinib, based
on a previous report that the rate of conversion surgery for
unresectable HCC [34]. In this case, VATS was performed
because it was difficult to continue TKI at a sufficient dose
due to adverse events and lung metastases, except for the
S3 lesion of the right lung, which had been in complete
remission for 5 months, a relatively long period. Moreo-
ver, there is no unified consensus to determine whether
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TKI administration should be continued or withdrawn after
conversion hepatectomy. Objective and scientifically sound
decisions cannot be derived from prior studies, necessitat-
ing further evaluation. Adjuvant systemic therapy with len-
vatinib was not performed for any possible residual lesions
after conversion pneumonectomy, per the patient’s will. The
patient remained disease-free for 11 months without any
adjuvant therapies.

In conclusion, this is the first reported case of unresect-
able multiple LM-HCC, successfully treated with lenvatinib
and consecutive conversion surgery with VATS for the only
remaining lung metastasis in the right lung. Conversion sur-
gery after systemic therapy with lenvatinib should be con-
sidered as a treatment strategy, even for cases with unresect-
able multiple lung metastases derived from hepatocellular
carcinoma.
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