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Abstract: Activating KRAS mutations in lung adenocarcinoma are characterized with treatment
resistance and poor prognosis. As a small molecule inhibitor of vascular endothelial growth factor
receptor-2 (VEGFR-2) tyrosine kinase, apatinib has been proven successful in advanced gastric
cancer and breast cancer. In this study, we show the result of apatinib as salvage treatment in lung
adenocarcinoma patients with KRAS mutation. Four advanced lung adenocarcinoma patients
with KRAS mutation were orally administered apatinib (250 mg/d) after second-line treatment.
One patient showed progressive disease, while 3 patients showed stable disease response to
apatinib, with a median progression-free survival (PFS) of 3.8 months (1.5-5.5 months). The
main toxicities were hoarseness and hemoptysis, which were manageable. Therefore, apatinib
might be an optional choice for advanced lung adenocarcinoma patients with KRAS mutation
in post second-line treatment.
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Introduction

Lung cancer is the leading cause of cancer-related death worldwide. Non-small-cell
lung cancer (NSCLC) accounts for 80% of lung cancer patients and is associated
with multiple different oncogenic driver mutations.! Activating KRAS genetic
driver mutation, noted in 15%-25% of NSCLC patients, is an important frequent
recurring molecular event in lung adenocarcinoma.? However, NSCLC with KRAS
mutation is associated with aggressive biology and is refractory to current clinical
therapies. Little progress has been made in the treatment of KRAS-mutated NSCLC
during the past decades.

Angiogenesis is an important feature in tumor growth, development and metastasis.?
Vascular endothelial growth factor (VEGF) signaling promotes angiogenesis via
activation of VEGF receptor (VEGFR), which is a critical target of cancer treatment.*
Agents targeting VEGF or VEGFR have been implicated in several kinds of solid
tumors. Bevacizumab, the antibody against VEGF, significantly improved prognosis
in advanced nonsquamous NSCLC when added to chemotherapy.> Another VEGFR
antibody, ramucirumab, also showed encouraging efficacy in advanced NSCLC
treatment.® However, these agents were both suggested as combinations with platinum-
based doublet chemotherapy in first-line treatment. There was little evidence for
antiangiogenesis drug monotherapy as post second-line therapy in advanced lung
adenocarcinoma, especially in KRAS-mutated patients.

Apatinib is an oral small molecule inhibitor of VEGFR-2 tyrosine kinase. Previous
reports have demonstrated its efficiency in advanced breast and gastric cancer therapy.”*
Three recent studies also showed the efficiency of higher dosage (500-825 mg/d)
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apatinib in NSCLC patients.”!" However, the efficiency of
apatinib in KRAS-mutated lung adenocarcinoma remains
unclear. In this study, we show the results of apatinib admin-
istration at a lower dosage (250 mg/d) in 4 advanced lung
adenocarcinoma patients with KRAS mutation.

Patients and methods

This study was approved by the research ethics committee
of the First Affiliated Hospital of Soochow University
(ChiCTR-OPN-16009458), and all patients provided written
informed consent to have the case details published. Thus,
4 KRAS-mutated advanced lung adenocarcinoma patients
were enrolled in this study. The main inclusion criteria
included hemoptysis, thrombotic diseases, uncontrolled
hypertension and liver or renal insufficiency. The patients
were all diagnosed with pathologically advanced lung adeno-
carcinoma (IV stage), and the next-generation sequences in
different periods showed KRAS mutation, with wild-type
epidermal growth factor receptor (EGFR) and anaplastic lym-
phoma kinase (ALK)-negative status. All patients underwent
platinum-based doublet chemotherapy as the first-line treat-
ment. Oral apatinib (250 mg/d, Jiangsu Hengrui Medicine
Co, Ltd; 28 days for a cycle) was used as salvage treatment
for third-line to fourth-line treatment.

Tumor responses were evaluated every 1 month or were
assessed when significant signs of progression appeared,
according to the Response Evaluation Criteria in Solid
Tumors (RECIST 1.1) using chest imaging (computed
tomography [CT] scan). Objective tumor responses included
complete response (CR), partial response (PR), stable disease
(SD) and progressive disease (PD). All the adverse effects
were also recorded.

Results
The characteristics of all patients are shown in Table 1. All
patients were male, aged from 56 to 81 years. All patients

had Stage IV adenocarcinoma with KRAS mutation. Before
oral apatinib treatment (250 mg/d), all patients underwent
first-line and second-line chemotherapy treatments.

One month after apatinib monotherapy, 3 patients showed
SD and 1 patient showed PD (Figure 1). The progression-free
survival (PFS) periods of the 3 patients were 1.5 months,
4.5 months and 5.5 months, respectively. Only 1 patient
showed manageable hoarseness and hemoptysis (Grade 1).

Discussion

KRAS mutation accounts for 15%25% NSCLC patients.
However, recent approaches to inhibit KRAS directly
showed little effect in vivo.? For KRAS-mutated patients,
chemotherapy with or without antiangiogenic agents is the
standard first-line treatment regime. Antibody against VEGF
or VEGFR showed benefit in terms of PFS and overall
survival (OS) in advanced nonsquamous NSCLC when
added to chemotherapy.>¢ In this study, all patients received
standard platinum-based doublet chemotherapy as first-line
treatment. Because of the patients’ poor economic status, we
did not select bevacizumab or ramucirumab for addition to
chemotherapy for first-line treatment. However, there were
few choices for subsequent therapy in these patients after
disease progression.

In advanced nonsquamous NSCLC, antiangiogenic
agent was suggested in combination with chemotherapy.
There was little evidence for antiangiogenic agent mono-
therapy in lung adenocarcinoma patients, except for persis-
tent treatment. Apatinib is a small molecule oral drug for
antiangiogenesis treatment, which has been implicated in
large clinical trials of metastatic breast or gastric cancer.”®
Three recent reports have focused on apatinib in NSCLC
treatment, including adenocarcinoma and squamous carci-
noma patients.” ' Their results demonstrated the efficiency
of apatinib in NSCLC, including EGFR-mutated patients
and EGFR wild-type patients. In this study, we show the

Table | Characteristics of 4 advanced lung adenocarcinoma patients administered apatinib therapy

Characteristics Patient | Patient 2 Patient 3 Patient 4

Age, years 56 8l 73 62

Sex Male Male Male Male

Stage IV (T,N,M,) IV (T,N,M,) IV (T,N,M,) IV (T,N,M,)

Treatment (response)
First-line Plat + Pem (SD) Pem (SD) Carb + Pem (SD) Carb + Pem (SD)
Second-line Docetaxel (SD) Docetaxel (PD) Docetaxel (SD) Docetaxel (PD)
Third-line Apatinib (SD) Apatinib (SD) Gefitinib (PD) Apatinib (PD)
Fourth-line - - Apatinib (SD) -
Apatinib PFS 4.5 months 1.5 months 5.5 months -

Adverse effects -

Hemoptysis (Grade ) - -

Abbreviations: Carb, carboplatin; Plat, platinum; PD, progressive disease; Pem, pemetrexed; PFS, progression-free survival; PR, partial response; SD, stable disease.
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Figure | Representative CT images (lung windows and mediastinal windows) of two patients before and after apatinib monotherapy.
Notes: CT images of Patient | showed progressive disease response. CT images of Patient 2 showed stable disease response. Pre- and post-apatinib images at the (A, C)
lung and (B, D) mediastinal windows for Patients | and 2, respectively. The red arrows indicate the tumor variations before and after apatinib therapy.

Abbreviation: CT, computed tomography.

efficiency of apatinib monotherapy in KRAS-mutated lung
adenocarcinoma patients for third-line to fourth-line treat-
ment. The median PFS in previous reports was ~4.2 months.
In our study, the median PFS was 3.8 months. These results
were similar. These might provided an optional choice
for salvage therapy in KRAS-mutated patients. However,
there remains a lack of large-scale random controlled
clinical trials on apatinib in NSCLC, especially in KRAS-
mutated NSCLC.

Additionally, there were several different points in our
report. First, we investigated KRAS-mutated adenocar-
cinoma patients. This was significantly different from
previous studies in adenocarcinoma with or without EGFR
mutation. KRAS-mutated NSCLC showed aggressive
biology and chemotherapy resistance, frequently resulting
in obviously worse prognosis than for EGFR-mutated or
wild-type NSCLC patients. Our report might provide some
information for a potential choice in KRAS-mutated patients.
Second, the dosage of apatinib in our study was 250 mg/d,
which was significantly lower than that in a previous report
(500-850 mg/d). It was interesting that a lower dosage
brought similar PFS in our study when compared with a
higher dosage in previous studies. Moreover, the lower
dosage of apatinib showed fewer adverse effects. Only one
patient emerged with manageable hoarseness and hemoptysis
(Grade 1). Although these results indicated that lower dos-
age might be an optional choice, the most suitable dosage
of apatinib in advanced NSCLC remains unclear. All these
problems should be explicitly addressed in further large-scale
clinical trials.

In gastric cancer patients, high dose of apatinib (850 mg/d)
was frequently associated with high rate of toxicity, such as
hypertension (40.43%), leukopenia (48.94%) and hand—foot
syndrome (25.53%).” In a recent report, apatinib (500 mg/d)
also showed a total grade 3/4 toxicity of 50%.° In our study,
a lower dosage of apatinib (250 mg/d) only resulted in
hoarseness and hemoptysis (Grade 1) in a patient without
weakening the curative effect. These results indicated that
the dosage of apatinib in different cancers might differ
significantly.

Conclusion

This report revealed that apatinib is an optional choice as
salvage treatment in advanced KRAS-mutated adenocarci-
noma patients. However, further investigations are needed
to disclose the solutions to some problems, such as the most
suitable dosage, combination with chemotherapy and the
efficiency in other rare genetic driver mutations.
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