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Case Report

Apatinib for treatment of HGF in advanced
lung adenocarcinoma harboring EGFR activating
mutation: a case report and review of literature
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Abstract: Hepatocyte growth factor (HGF) is a complex, multi-domain protein related to the blood proteinase pre-
cursor plasminogen, known to be detected in 29% of tumors with intrinsic resistance in EGFR mutant lung cancer.
However, the proportion of HGF in primary resistance of lung adenocarcinoma is not clear. We describe the case
of a 54-year-old non-smoking man who was diagnosed lung adenocarcinoma via pathology test. The lymph nodes
of his right neck, submandibular, left axillary, and mediastinal were metastasized. Next generation sequencing of
the patient showed L858R in 21 exon and overexpression of HGF. Apatinib is a salvage treatment for patients after
failure in response to chemotherapy and icotinib. Therefore, apatinib might be an optional choice for advanced lung
adenocarinoma patients with HGF overexpression as a post second-line treatment.
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Introduction

Lung cancer is one of the leading causes
of cancer-related death in the worldwide [1].
About 30% of patients with EGFR-activating
mutations show intrinsic resistance to EGFR-
TKls [2]. Several mechanisms of primary resis-
tance to EGFR-TKIs have been described, such
as exon 20 insertion, KRAS mutations, Anapla-
stic Lymphoma Kinase (ALK) rearrangements,
threonine-methionine substitution at position
790 (T790M), mesenchymal-epithelial transi-
tion factor (Met) amplification, overexpression
of hepatocyte growth factor (HGF), HER2 gene
mutations, ROS1 rearrangements, etc. [3-7].

Angiogenesis plays an important role in tumor
growth, development and metastasis [8]. Vas-
cular endothelial growth factor (VEGF) signaling
promotes angiogenesis via activation of VEGF
receptor (VEGFR). Apatinib is an oral small mol-
ecule inhibitor of VEGFR-2 tyrosine kinase, whi-
ch has been applied to metastatic breast or
gastric cancer. Apatinib has gradually become
the focus of targeted therapy for advanced lung

adenocarcinoma in recent years. Here, we re-
port a case of apatinib treat intrinsic EGFR-TKI
resistance induced by overexpression of HGF.

Case report

In December 10, 2016, a 54-year-old non-smo-
king male patient was admitted to the First
Affiliated Hospital of Soochow University, due to
“a chest radiograph indicated that there was a
space occupying lesion at the low lobe of left
lung for more than a year”. Positron emission
tomography-computed tomography (PET-CT)
showed the mass sized 27x20 mm. He was
diagnosed lung adenocarcinoma via pathology,
with lymph nodes of right neck, submandibular,
left axillary, and mediastinal showing metasta-
sis (Figure 2). Gene detection of biopsy tissue
showed L858R in 21 exon. The treatment pro-
cess of the patient is shown in Figure 1.

Discussion

The patient was initially diagnosed with left
lung adenocarcinoma via pathology examina-
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Figure 1. The treatment process of the patient.

tion. Platinum-based doublets chemotherapy
was recommended as the first-line therapy.
Systemic chemotherapy and local radiotherapy
were given, but disease progression (PD) was
observed after 8 months. According to the
result of gene detection, icotinib was chosen as
the second-line therapy. Evaluation after appli-
cation of icotinib for 17 days was PD (Figure
2A, 2B before Icotinib treatment, Figure 2C, 2D
after icotinib treatment). Next-generation
sequencing from the pleural effusion showed
HGF over-expression and L858R in 21 exon
(Figure 3A-C). As far as we know, this is the first
case of over-expression of HGF that describes
the original resistance mechanism for icotinib.

EGFR-TKIs have become the first-line treat-
ment of patients with EGFR mutations. How-
ever, about 30% of patients with EGFR-activa-
ting mutations show intrinsic resistance to EG-
FR-TKIs. The mechanism of primary drug resis-
tance is not yet clear. At present, exon 20 in-
sertion, KRAS mutations, ALK rearrangements,
threonine-methionine substitution at position
790 (T790M), mesenchymal-epithelial transi-
tion factor (Met) amplification, overexpression
of hepatocyte growth factor (HGF), HER2 ge-
ne mutations, and ROS1 rearrangements are
known. Yano S concluded that high-level HGF
was detected in 29% of 45 lung cancer with
intrinsic resistance [7]. HGF, a ligand of MET
[9], induces EGFR-TKI resistance by activating
MET, which restores phosphorylation of down-
stream MAPK-ERK1/2 and PI3K-Akt pathways,
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using Gabl as an adaptor [10-13]. In view of
the primary drug resistance caused by HGF
amplification, the current clinical experiments
mainly target the transduction of HGF/c-MET
signaling pathway. Anti-HGF antibody, c-MET
receptor kinase inhibitors, anti-c-MET antibo-
dy, the natural HGF inhibitor NK4 are included
[14-17]. Wu reported that Norcantharidin com-
bined with EGFR-TKIs overcomes HGF-induced
resistance to EGFR-TKIs in EGFR mutant lung
cancer cells via inhibition of Met/PI3k/Akt pa-
thway [17]. Nevertheless, the results were not
optimistic. There is an urgent need for an ef-
fective treatment to reverse the primary EGFR-
TKls resistance.

Angiogenesis plays an important role in tumor
growth, development and metastasis. Vascular
endothelial growth factor (VEGF) signaling
promotes angiogenesis via activation of VEGF
receptor (VEGFR). In recent years, anti-angio-
genic therapy has gradually become a hotspot
in the field of lung cancer treatment, including
targeted therapy for VEGF or VEGFR. Beva-
cizumab, the antibody against VEGF, combined
with chemotherapy can significantly improve
prognosis of lung adenocarcinoma. It has been
recommended as the first-line therapy for lung
adenocarcinoma until disease progression in
NCCN Guidelines [18]. Pemetrexed (500 mg/
m?, day 1) combined with bevacizumab (300
mg, day 1) as third-line treatment. At the same
time, endostatin was injected into the pleural
cavity. It is strange that performance status
(ps) of the patient was increased to 4 after 1
cycle. Chest CT indicated that pulmonary nod-
ules were smaller than before, and bilateral
pleural effusion was less than before, but peri-
cardial effusion was more than before. The left
axillary lymph nodes were enlarged. Evaluation
of efficacy was PD. There was little evidence for
antiangiogenic gene modulation, therefore drug
monotherapy is used as post second-line ther-
apy in advanced lung adenocarcinoma, espe-
cially for complex mutations of L858R in 21
exon and HGF overexpression. Currently, we
know that the anti-tumor mechanism of apa-
tinib involves selective targets such as VEGFR-
2, which binds all VEGF-A isoforms, as well
as VEGF-C, and VEGF-D. The binding of VEGF-A
to VEGFR-2 can induce a cascade of signaling
pathways, eventually causing cell migration
and proliferation, thus blocking new blood
vessel formation in tumor tissue [19-21].
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Figure 2. Chest computed tomography (CT). A, B. The chest CT scan reveals pleural effusion of the right medias-
tinal window before icotinib treatment on August 24, 2016; C, D. CT showed that bilateral pleural effusions was
significantly progressed more than before and pulmonary nodules were similar to previous readings after icotinib
treatment for 17 days on September 10, 2016; E-L. Shows the left axillary lymph nodes, pericardial effusion, pleural
effusion and pulmonary nodules. E-G. Chest CT indicated that pulmonary nodules, bilateral pleural effusion, the left
axillary lymph node and pleural effusion before apatinib treatment on September 27, 2016; H-J. CT shows that the
left axillary lymph node was smaller than before, pericardial effusion was less than before, but pleural effusion and
pulmonary nodules were stable after apatinib treatment for 4 days on October 7, 2016; K, L. Apatinib treatment for
52 days (November 25, 2016), the pleural effusion of the right appeared again and the pleural effusion of the left
increased more than before (October 7, 2016). The patient PFS has increased to 52 days after taking apatinib. M.
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Before apatinib treatment on September 10, 2016; N. After apatinib treatment for 44 days (November 17, 2016)
the patient’s chest ultrasound showed a significant reduction of pleural effusion.
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Figure 3. Next-generation sequencing of the patient. A. The screenshot of IGV about CTNNB1 (reference gene). B.
The screenshot of IGV about HGF (HGF overexpression about 1.9 times in pleural effusion). C. The result of EGFR mu-

tation. B16091828711-YHO06-25 (peripheral blood); ct-B16091828711-YHO06-25 (plasma); ct-C16091828712
(pleural effusion).

Endostatin and bevacizumab also can inhibit
tumor angiogenesis, but they cannot control
the patient’'s pleural effusion. However, in

Figure 2M, 2N, the patient’s chest ultrasound
shows a significant reduction of pleural effu-
sion in comparison to an earlier reading.
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Therefore, apatinib might have other mecha-
nisms of anti-tumor growth, such as reducing
pleural effusion by dropping the permeability of
pulmonary capillary. Unfortunately, there is a
lack of more detailed experimental evidence.

Additionally, there are several different points
in our report. First, as far as we know, this is
the first case of the over-expression of HGF
that describes the original resistance mecha-
nism for icotinib. Second, it is the first case
that we report of apatinib in the treatment of
primary resistance to EGFR-TKIs. This is signifi-
cantly different from previous studies which
apatinib is used in adenocarcinoma with ac-
quired resistance or without EGFR mutation
and ALK-negative [20, 22, 23]. Our report might
provide some information for a potential choice
in primary EGFR-TKIs resistance with activating
mutations, which is caused by overexpression
of HGF. Third, the dosage of apatinib in our
report is 250 mg/d. The recommended dose of
apatinib in different tumors is not uniform. In
phase Il trial, the dosing regimen of 850 mg
once daily is recommended for the treatment
of gastric cancer [24]. In a phase Il trial, the
dosing regimen of 500 mg once daily was rec-
ommended for treatment of metastatic breast
cancer [25]. The side effects are also obvious,
with the main side effects being hypertension,
proteinuria, and hand-foot syndrome. The dos-
age of apatinib in lung cancer is not clear. How
to choose the suitable dose of apatinib in lung
cancer to reduce the side effects is still
in the exploratory stage. Doses of 850 or 500
mg once daily of apatinib has been reported.
However, hand-foot skin reaction and hyperten-
sion appeared [22, 26]. In our case, 250 mg
once daily of apatinib was combined with
chemotherapy as a salvage treatment. Zeng
reported that the recommended dose of apa-
tinib was 250 mg daily, adverse affects were
significantly decreased but the PFS was similar
to that of the high-dose regimen in previous
studies. The median PFS was 4.5 months, 5.5
months, 1.5 months (one of the patient was
PD) [27]. Therefore, 250 mg once daily was
used for the patient in this study. After for 4
days treatment with apatinib, the left axillary
lymph nodes were smaller than before and
pericardial effusion was much less than before.
Pleural effusion changes from bloody to clear
and PS of the case improve from 4 to 1 (Fig-
ure 2E-J). Thereafter, the patient’s chest ultra-
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sound showed a significant reduction of pleu-
ral effusion in comparison to earlier reading
(Figure 2M, 2N). However, endostatin and bev-
acizumab could not control the patient’s pleural
effusion and hydropericardium, thus apatinib
may reduce pleural effusion by dropping the
permeability of pulmonary capillary, which may
indicate that apatinib may target different path-
ways in its anti-tumor activity. Regrettably, incre-
asing the dose of apatinib (1000 mg/qd) lead-
ed a grade 1 hypertensive but the blood pres-
sure returned to normal after reduction of apa-
tinib. In the case, the patient’'s PFS had
increased to 52 days after taking apatinib.
These might given an optional choice for sal-
vage therapy in primary resistance patients.
However, there remain a lack of large-scale ran-
dom controlled clinical trials on apatinib in ade-
nocarcinoma, especially in HGF overexpression
lung adenocarcinoma.

Conclusion

This case provides some inspiration that apa-
tinib can be used for treatment of primary re-
sistance to EGFR-TKIs. However, more experi-
ments and clinical cases are needed to expla-
in the mechanism of apatinib in treatment in
advanced lung adenocarcinoma, as well as the
efficiency in other primary resistance and the
most suitable dosage.
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