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Summary

Purpose: Lung is the most common extrahepatic metastatic
site for patients with advanced hepatocellular carcinoma
(HCC) and has a worse prognosis than intrahepatic metastasis.
Apatinib is a receptor tyrosine kinase inhibitor that is promis-
ing for HCC treatment. We investigated whether apatinib is
particularly effective for advanced HCC with lung metastasis.

Methods: Sixty-one study patients with advanced HCC
treated with apatinib seen at three different institutions be-
tween 2015 and 2018 were identified by retrospective review.
Forty-one had lung metastasis (13 multi-organ metastasis
and 28 lung metastasis only). Twenty had non-lung metas-
tasis. Treatment consisted of oral apatinib 500 mg once daily.
Response was assessed by imaging. The primary endpoint was
metastasis-specific (m) progression-free survival (mPFS), for
which only progression of metastatic lesions was assessed.

Results: Median PFS was 3.37 months (range, 0.6-106.1) for

Introduction

Hepatocellular carcinoma (HCC) is the most
common type of liver cancer, and is the third
leading cause of cancer-related deaths worldwide
[1]. The treatment of HCC follows well established
guidelines [2,3]. Locoregional therapies, such as
surgical resection, transplantation, and ablation,
are potential curative options for early-stage dis-
ease, while for advanced HCC, which comprises
70-80% of cases diagnosed in China, systemic
treatment is recommended with the tyrosine

all 61 patients. Objective response (OR) was achieved in 7/01
(11.6%) patients. For the 41 patients with lung metastasis, the
median mPFS was 5 months (range, 0.9-21.9), with a mOR
rate (mORR) of 22.0% (9/41). The mPFS of the 28 patients
with only lung metastasis was better (hazard ratio/HR=0.316;
95% confidence interval/CI=0.144-0.696; log-rank p<0.001)
than for the 20 with non-lung metastasis; comparison of the
mORR showed similar results (21.4 vs. 5%; p=0.019). For the
13 patients with multi-organ metastasis, the mORR of lung
lesions was marginally higher than that of other metastatic
lesions (23.1 vs. 0%; p=0.090).

Conclusions: Apatinib showed promising therapeutic effects
on advanced HCC with lung metastasis, highlighting a popu-
lation that could benefit preferentially from this treatment.

Key words: hepatocellular carcinoma, lung metastasis, ap-
atinib, multicenter, efficacy

kinase inhibitors sorafenib in first-line and re-
gorafenib and nivolumab (conditionally approved
in the USA) in second-line settings [4-7]. How-
ever, these drugs demonstrated only a moder-
ate survival benefit in an unselected “all-comer”
cohort, indicating that there remains a need to
develop new drugs for effective management of
this disease within a more specified population
selected according to clinical characteristics or
biomarkers [8].
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The pattern of progression in HCC patients,
which proceeds from increase in intrahepatic/
extrahepatic tumor size to development of a new
intrahepatic lesion (intrahepatic metastasis) to
development of a new extrahepatic lesion, is very
important in prognostic prediction, and the appear-
ance of a new extrahepatic lesion is an independent
predictor of overall survival (OS) [9,10]. The most
frequent site of extrahepatic metastasis in HCC
patients is the lungs (followed by lymph nodes,
bones, and adrenal glands) [11,12], and there are no
specific treatment options for this subpopulation
other than the recommendations under guidelines
for advanced HCC. Meanwhile, studies by Thomas
etal [13] and Tian et al [14] show that HCC patients
with lung metastasis are prone to develop drug
resistance and do not benefit from sorafenib. Thus,
a novel systemic therapy option that can extend
survival and control advanced HCC with lung me-
tastasis is urgently needed.

Apatinib is an oral small-molecule tyrosine
kinase inhibitor that highly and selectively binds
to and inhibits vascular endothelial growth factor
receptor (VEGFR)-2, which is available in mainland
China, and has shown encouraging antitumor ac-
tivity and tolerable toxicities in several malignan-
cies, including gastric cancer, ovarian cancer, and
breast cancer [15-17]. For advanced HCC, apatinib
has reached its primary endpoint in a phase II trial

[18] and is currently being investigated in a phase
IIT trial with promising results according to the
interim analysis.

In this study, we retrospectively observed the
patients who failed to or refused sorafenib treat-
ment and aimed to explore the efficacy and safety
of apatinib particularly for patients with advanced
HCC with lung metastasis.

Methods

Study design and participants

The medical records of patients with advanced HCC
who underwent apatinib therapy between November
2015 and May 2018 at three different institutions in
China were retrospectively reviewed. Eligible patients
were 18 years or older, diagnosed with HCC based on
histopathological findings from tumor tissue or from
non-invasive assessment according to the American
Association for the Study of Liver Diseases criteria for
patients with confirmed cirrhosis, and classified as Bar-
celona Clinic Liver Cancer (BCLC) stage C or stage B with
lung and/or other sites of extrahepatic metastasis or new
intrahepatic lesions that had radiographically docu-
mented disease progression during or after discontinu-
ation of standard therapy and at least one measurable
lesion according to the Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.1 guidelines, and had a
Child-Pugh A or B liver function score. Patients who had
undergone previous or concurrent locoregional treat-

73 patients screened

12 excluded

4 without metastatic lesions

2 with combined systemic therapy

6 with local treatment for metastatic lesion

61 patients enrolled

|

v

20 patients with non-lung
metastasis

41 patients with lung
metastasis

!

!

13 patients combined with
non-lung metastasis

28 patients with lung
metastasis only

Figure 1. Study chart profile.
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ments such as external beam radiotherapy, transarte-
rial chemoembolization, or radiofrequency ablation were
only eligible for enrolment if the target was the primary
HCC lesion rather than the extrahepatic metastases or
new intrahepatic lesions. Other inclusion criteria were
an Eastern Cooperative Oncology Group performance
status (ECOG PS) of 0-2, life expectancy of at least 3
months, and adequate hematological and biochemical
parameters. Exclusion criteria included systemic drugs
concurrently combined with apatinib or administered
within 2 weeks before apatinib treatment, locoregional
treatments for extrahepatic metastases or the new in-
trahepatic lesions, known allergies to apatinib or any
excipients, uncontrolled blood pressure, coagulation
dysfunction with an international normalized ratio >1.7
or platelets <50x10%, ascites not controlled with diuret-
ics, encephalopathy, active or recent (within 2 weeks)
gastrointestinal bleeding, active infection or sepsis, and
heart dysfunction. This study was approved by the Eth-
ics Committee of Nanfang Hospital. Signed informed
consents were obtained from all participants before the
study entry.

Treatment regimens and response assessments

Patients received apatinib orally at an initial dose
of 500 mg once daily, continued until disease progres-
sion or death, withdrawal of consent from the study, or
unacceptable toxic effects. Dose modifications, including
dose interruptions and dose reductions, were adopted in
cases of grade 3 or 4 adverse events. Either treatment
interruptions to alleviate the side effects or dose reduc-
tions (to 500 mg on alternate days, or 250 mg once daily
or 250 mg on alternate days) could be determined at the
clinician’s discretion.

Before treating with apatinib, measurable target le-
sions including primary lesions in the liver and those
indicative of emerging disease progression, i.e. extra-
hepatic metastases and new intrahepatic foci (intrahe-
patic metastasis), were assessed and documented. Tu-
mor response was assessed by investigators according
to RECIST 1.1 guidelines, with respect to either only the
emerging progression lesions or to the target lesions as
a whole, using contrast-enhanced computed tomography
and/or dynamic magnetic resonance imaging scans at
approximately 8 weeks intervals during treatment. Ad-
verse events were graded and recorded by reviewing the
Inpatient Medical Record and follow-up records in each
center according to the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events (version
4.03).

Outcomes

The primary endpoint was metastasis-specific pro-
gression-free survival (mPFS, for which only the extra-
hepatic or intrahepatic metastases were assessed), which
was defined as the interval from the start of apatinib
treatment to metastasis-specific disease progression
or death from any cause or, for patients alive without
progression, to the last mPFS assessment. Secondary
endpoints included progression-free survival (PES), OS,
objective response (OR) rate (ORR), metastasis-specific
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objective response (mOR) rate (mORR), and safety. PFS
was based on the length of time from initial treatment
until disease progression or death from any cause or, for
patients alive without progression, last PFS assessment.
OS referred to the time from administration of apatinib
to death from any cause or to the last follow-up. ORR
was defined as the proportion of patients who achieved
a complete response and a partial response, and mORR
was defined similarly with only the metastasis-specific
lesions taken into account.

Table 1. Baseline patient characteristics

Age, years n (%)
Median, years (range) 49 (20-72)

<65 58 (95.1)

>65 3(4.9)
Gender

Male 55 (90.1)

Female 6(9.9)
Smoking

Ever 17 (27.9)

Never 44 (72.1)
Progression pattern

Lung metastasis 41 (67.2)

Extrahepatic non-lung metastasis 13 (21.3)

New intrahepatic lesions 20 (31.1)
Portal vein invasion

Yes 18 (29.5)

No 43 (70.5)
BCLC stage

B 5(8.2)

C 56 (91.8)
Child-Pugh score

A 49 (80.3)

B 12 (19.7)
Treatment setting

First-line 47 (77.0)

Second-line or more 14 (23.0)
Locoregional therapy in liver

Yes 37 (60.7)

No 24 (39.3)
HBV-DNA quantitation

<1000 IU/mL 28 (45.9)

>1000 IU/mL 11 (18.0)

No examination 22 (36.1)
Anti-viral treatment

Yes 39 (63.9)

No 22 (36.1)
AFP (pg/L)

2400 31 (50.8)

<400 24 (39.3)

missing 6(9.9)

BCLC: Barcelona Clinic Liver Cancer, HBV: hepatitis B virus, AFP:
alpha-fetoprotein
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Statistics

All statistical analyses were performed using SPSS
statistical package version 20.0 (SPSS, Chicago, IL, USA).
Kaplan-Meier plots were used to estimate the time to
progression and survival time, and the hazard ratio (HR)
and 95% confidence interval (CI) were estimated using
a non-parametric log-rank test. Response rates in two
groups were assessed with the x? test or Fisher’s exact
test. Categorical variables were expressed as numbers
and percentages, and continuous variables were ex-
pressed as median and interquartile range. P<0.05 was
considered statistically significant.

Results

Between November 7, 2015, and May 8, 2018,
73 patients with advanced HCC from three medi-
cal centers were retrospectively reviewed, and the
data collection cutoff date was August 7, 2018. Four
patients without assessable metastatic lesions, two
who had received concurrently combined systemic
therapy and apatinib, and six who had received lo-
coregional treatment for metastatic lesions were

-

[$))]

o
]

-—
o
T

median=3.37 m

o
2

Progression-free survival }»

o

Ll 1

5 10 15 20

Months

o

excluded, finally leaving 61 study participants.
Metastatic lesions included lung, other sites of ex-
trahepatic metastases, and new intrahepatic lesions
(intrahepatic metastasis) as defined in the Methods
section. As the progression pattern of HCC is very
important in prognostic prediction and the devel-
opment of a new extrahepatic lesion is an inde-
pendent predictor of OS [9,10], we focused on me-
tastases of the lung, the most common extrahepatic
site, as the stratifying factor for further analysis.
Of the 61 study patients, 20 had non-lung metas-
tasis and 41 had lung metastasis. And of the 41
patients with lung metastasis, 13 were combined
with other sites of extrahepatic metastasis (Fig-
ure 1). Baseline patient characteristics are shown
in Table 1. The 61 patients (55 male) had a me-
dian age of 49 years (range, 20-72); three patients
were =65 years old. Hepatitis B virus (HBV)-DNA
quantitation was available in 39 patients (63.9%),
28 (45.9%) of whom had levels <1000 IU/mL, and
11 (18.0%) of whom had levels >1000 IU/mL for
which they received anti-viral treatment. Fifty-six
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Figure 2. A: Progression-free survival of all patients (n=61). B: Lung metastasis progression-free survival (n=41).
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Figure 3. A: Overall survival of all patients (n=61). B: Overall survival of patients with lung metastasis (n=41).

JBUON 2019; 24(5): 1959



1960

Apatinib effects on hepatocellular carcinoma with lung metastasis

patients were diagnosed with BCLC stage C (ex-
trahepatic metastasis or intrahepatic lesions with
portal vein invasion), and 6 patients who had new
intrahepatic lesions without portal vein invasion
were at intermediate stage. Thirty-seven (60.7%)
patients received locoregional therapy for the pri-
mary target lesions in the liver, and 47 received
apatinib in the first-line setting because they ei-
ther rejected or could not afford treatment with
sorafenib.

By the end of the last follow-up, median PFS
for all 61 patients was 3.37 months and for the 41
patients with lung metastasis median PFS was 5
months (Figure 2). Median OS for all the patients
and for the 41 patients with lung metastasis was
16.10 and 16.63 months, respectively (Figure 3). For
the subgroup of 28 patients with lung metastasis
only, the median mPFS was significantly improved

>

compared with that of the 20 patients with non-
lung metastasis only (6.3 vs. 2.5 months, p<0.001;
Figure 4A). Median OS in the lung metastasis group
(n=41) and non-lung metastasis group (n=20) was
17.5 and 8.3 months, respectively (p=0.346; Fig-
ure 4B), and there was an apparent trend toward
better OS in patients with lung metastasis, which
may show significance with an extended follow-up
period.

Seven (11.5%) of the 61 patients had a partial
response in whole body evaluation according to
RECIST version 1.1 guidelines, and of the 41 pa-
tients with lung metastasis, 9 (22%) had a partial
response when only lung metastasis was evalu-
ated (Figure 5A). We further assessed the mOR. The
mORR was 21.4% (6/28) in patients with lung me-
tastasis only, which was significantly higher than
the 5% (1/20) in those with non-lung metastasis
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Figure 4. A: Metastasis-specific progression-free survival of patients with lung metastasis only (n=28) and non-lung
metastasis only (n=20). B: Overall survival of patients with lung metastasis only (n=28) and non-lung metastasis only
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Figure 5. A: Objective response rate evaluating the whole body in 61 patients and lung metastasis only in 41 patients.
B: Objective response comparing the patients with only lung metastasis (n=28) with those with only non-lung metastasis
(n=20). C: Objective response of target lesions in patients (n=13) concurrently harboring lung and non-lung metastasis.
PR: partial response SD: stable disease, PD: progressive disease
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Table 2. Possible apatinib treatment-related adverse events

Adbverse events Grade 1-2 Grade 3
n (%) n (%)
Hypertension 9 (14.8) 1(1.06)
Hand-foot skin reaction 14 (23.0) 3 (4.9)
Diarrhea 7 (11.5) 1(1.6)
Vomiting 8 (13.1) 0
Fatigue 6 (9.8) 0
Epistaxis 1(1.6) 0
Headache 3 (4.9) 0
Anorexia 4 (6.5) 0

only (p=0.019; Figure 5B). Among the 13 patients
with both lung and non-lung metastasis, only 3
(23.1%) had a partial response for lung metastasis
and none had a partial response for non-lung me-
tastasis (p=0.096; Figure 5C).

The total incidence of adverse events (any
grade) during Apatinib treatment was 93.4%. Ad-
verse events in the 61 patients mainly consisted
of hand-foot skin reaction (27.9%), hypertension
(16.4%), diarrhea (13.1%), vomiting (13.1%), and
fatigue (9.8%; Table 2). The most common clini-
cally relevant grade 3 events were hand-foot skin
reaction (n=3, 4.9%), hypertension (n=1, 1.6%), and
diarrhea (n=1, 1.6%). Five patients had dose reduc-
tions and 8 interrupted treatment due to adverse
events. All toxicities were manageable by treat-
ment interruptions or dose modifications and by
providing symptomatic treatment. No grade 4 or
5 adverse events were observed.

Discussion

In patients with metastasis of HCC to the lung,
apatinib showed more benefit than in those with
non-lung metastasis of HCC, resulting in signifi-
cantly longer mPFS and OR. It did not afford sig-
nificant improvement in OS for patients with lung
metastasis when compared with those with non-
lung metastasis.

Recently, sorafenib and regorafenib have
been approved for patients with advanced HCC in
first- and second-line settings, respectively, and
nivolumab has been conditionally approved for
sorafenib-experienced HCC patients in the USA.
Three other kinase inhibitors, lenvatinib, cabozan-
tinib, and ramucirumab, have reached their prima-
ry endpoint in phase III trials and may be added
to the armamentarium of systemic therapies for
advanced HCC in the near future. However, there
is still a need to develop new drugs for effective
management of this disease, especially consider-

ing that, other than ramucirumab, which is the
first biomarker-guided treatment in HCC with AFP
>400 ng/mL [8], all of these drugs were tested in
“all-comer” trials. The concept of biomarker-driven
treatment has been established for several kinds
of cancers (e.g., lung cancer and colorectal cancer),
resulting in improvement of survival for patients,
and should also be a goal for HCC. Many efforts
toward biomarker-driven treatment or personal-
ized therapy of HCC guided by molecular profiles
obtained from biopsies have been in vain [19-22],
which is at least partially ascribed to the complex
tumor biology involved. Thus, prognostic markers,
like AFP or the progression pattern, representative
of the whole tumor load deserve more attention.
The progression pattern of HCC is divided into
increase in intrahepatic/extrahepatic tumor size,
new intrahepatic lesions, and new extrahepatic le-
sions according to the BCLC staging system, and
new extrahepatic foci are independent predictors
of impaired survival. In the current study, we com-
pared the efficacy of apatinib in lung metastases
with that in non-lung metastases, including new
intrahepatic and new extrahepatic (other than lung)
lesions, and demonstrated that apatinib was selec-
tively effective for lung metastases of HCC in terms
of better mPFS for the lung vs. non-lung metastasis
groups; better median OS in the lung vs. non-lung
metastasis groups; and a trend toward better OS
in patients with lung metastasis. Furthermore, the
mORR was significantly higher in the patients with
lung metastasis only, compared with those with
non-lung metastasis only. All of these findings war-
rant further investigation and confirmation.
Successful treatment of lung metastases of
HCC can significantly prolong survival [23]; how-
ever, there are no standard programs established
for this subgroup of patients. Existing methods can
be placed broadly into two categories: locoregional
therapies, such as pulmonary metastasectomy and
radiofrequency ablation, and systemic drugs, such
as conventional chemotherapy and molecular-tar-
geted agents. Locoregional therapies are proven
effective in pulmonary metastases after liver trans-
plantation for HCC, and the reported median OS is
between 17.4 and 29 months [24-26], but they are
not recommended for patients with concurrent pul-
monary metastases and intrahepatic lesions, which
is the case in the present study. Results from a
previous study of chemotherapy in lung metastasis
of HCC were disappointing, with a median time to
progression of 7.0 weeks (95% CI: 5.8-8.2) and a
median OS of 16.6 weeks (95% CI: 10.1-23.1) [27].
Sorafenib is the first-line option for advanced HCC,
whether with lung metastases or not; however,
Thomas et al [13] and Tian et al [14] reported that

JBUON 2019; 24(5): 1961



1962

Apatinib effects on hepatocellular carcinoma with lung metastasis

HCC patients with lung metastasis do not benefit
from sorafenib, meaning that development of tar-
geted therapy for this subgroup of patients is still
urgently needed. Of note, apatinib in the present
study was particularly associated with improve-
ment in lung mPFS, response and OS, indicating
that lung metastasis of HCC might derive a particu-
lar benefit from apatinib.

The biological mechanism underlying the po-
tential association of lung metastases of HCC with
apatinib treatment benefit is unclear. However,
based on the anatomical characteristics of lung
and reported molecular mechanisms that make
HCC prone to metastasize to lung, we have sev-
eral hypotheses on the efficacy of apatinib at that
particular site. Once liver cancer cells invade into
hepatic veins via arteriovenous or portal-venous
shunt, they can spread to the right ventricle and
subsequently to the lung. Apatinib, at an appro-
priate dose, can normalize the abnormal tumor
vasculature, potentially reengineer the tumor mi-
croenvironment and activate the immune system
both in liver and lung, which may decrease the
lung metastasis arising from the liver and exist-
ing metastatic lung foci [28-31]. It is reported that
the circulating VEGF level is associated with the
development of lung metastasis in HCC and other
kinds of cancer [32,33], and apatinib may prevent
that process via its highly selective inhibition of
VEGFR-2. These hypotheses will now need to be
clarified with basic research.

Various adverse events occurred during apat-
inib treatment, and the total incidence (any grade)
was 93.4%, generally consistent with those re-
ported in previous studies [15,34]. In this study,
most side effect reactions were grade 1 or 2, which
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Conclusions
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