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Introduction: The purpose of this study was to analyze the safety and feasibility of low-
dose apatinib combined with S-1 as a second-line therapy or beyond in Chinese patients with
pulmonary and/or hepatic metastases of nasopharyngeal carcinoma (NPC).

Methods: Forty-one Chinese NPC patients with pulmonary and hepatic metastases were
treated with low-dose apatinib plus S-1. The S-1 dose was determined according to each
patient’s body surface area (BSA): 40 mg twice a day for BSA <1.25 m?; 50 mg twice a day
for 1.25 m*<BSA <1.5 m%; and 60 mg twice a day for BSA >1.5 m*. S-1 was received for 14
days, after stopping for 7 days, given 3 weeks apart. Apatinib, 125 mg was orally adminis-
tered daily on days 1 through 28 of each 4-week cycle. If the toxicity was not tolerable, the
dose of apatinib was reduced to 125 mg every other day.

Results: Treatment efficacy was evaluated in all 41 patients after four courses of chemother-
apy. The objective response rate was 34.1%, and the disease control rate was 80.4%. The
median progression-free survival was 9.7 months (95% confidence interval, 6.2-13.8
months), and the median overall survival was 22.1 months (95% confidence interval,
15.1-28.9 months). The 2-year survival rate was 41.5%. The most common toxicities
included loss of appetite in 39.0% of patients, dyslipidemia in 34.1%, hypertension in
31.7%, myelosuppression in 24.4%, fatigue in 21.9%, and hand-foot syndrome in 17.1%.
Seven patients received dose adjustment of apatinib due to side effects.

Conclusion: In patients with pulmonary and/or hepatic metastases of NPC, low-dose apatinib
plus S-1 yielded an excellent survival benefit, and the toxicities were mild and tolerable.
Keywords: Nasopharyngeal carcinoma, NPC, metastasis, apatinib, S-1, prognosis

Introduction

Nasopharyngeal carcinoma (NPC) is a common head and neck malignancy in eastern
and southern China and Southeast Asia. The most common pathological type is non-
keratinized. With continuous advancements in radiotherapy technology, specifically
intensity-modulated radiation therapy (IMRT) and volume of rotating intensity-
modulated radiation therapy (VMRT), the 5-year survival rate of NPC patients has
reached over 80%, and the local and regional control rate is over 90%." At present,
distant metastasis is the most frequent cause of treatment failure, and the lung and liver
are the main sites of distant metastasis of NPC. Treatments for pulmonary and hepatic
metastatic NPC include chemotherapy, radiotherapy, radioactive seed implantation,
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radiofrequency ablation, targeted drug delivery and immu-
notherapy. However, the 2-year survival rates have ranged
from only 15.0-34.4%, with median overall survival (OS)
times of only 9.0-15.6 months, and the various treatments
have yet to yield better results.” Use of the monoclonal anti-
body of immune check point PD-1 has resulted in an objec-
tive response rate (ORR) to treatment of 20-30% in recurrent
or metastatic NPC.? Thus, the effective rate of immunother-
apy alone has remained low, and such treatment is not only
expensive but also associated with major adverse reactions.
To date, no effective markers have been identified for screen-
ing of metastatic NPC cases most likely to response to
immunotherapy.

Commonly used chemotherapeutic drugs for metastatic
NPC include paclitaxel, docetaxel, albumin paclitaxel, gem-
citabine combined with cisplatin, nedaplatin, lobaplatin,
fluorouracil, and others. With all of these, tumor resistance
eventually occurs. In fact, multidrug resistance (MDR) is
the main cause of chemotherapy failure in NPC cases, and
the most common cause of death in these patients.*
Therefore, there is an urgent need to develop a more eco-
nomical and effective treatment with low toxicity.

Apatinib is a novel small molecule receptor tyrosine
kinase inhibitor that selectively targets vascular endothelial
growth factor receptor-2 (VEGFR-2). Recently, apatinib
was show to have satisfactory efficacy against various
types of cancer, such as gastric cancer, breast cancer, and
NPC.> At the same time, it was shown to have acceptable
toxicities. S-1 is an oral anticancer drug and fluorouracil
derivative that can be converted to 5-Fu in vivo, and the
advantages of S-1 include its convenient delivery, effective-
ness, and mild side effects.® The aim of the present study
was to investigate the safety and efficacy of low-dose
apatinib combined with S-1 as second-line therapy or
beyond for NPC with pulmonary and/or hepatic metastasis.

Materials and Methods
Ethics Statement

This study was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics
Committee of Hainan General Hospital, Hainan Affiliated
Hospital of Hainan Medical University, Haikou, China.
Written informed consent was obtained from each patient.

Patients
This retrospective analysis included 41 patients with pul-
monary and/or hepatic metastases of NPC in whom first-

line or later therapies failed in Hainan General Hospital
from January 2015 to February 2017. The inclusion cri-
teria were as follows: age >18 years, definite pathological
diagnosis, Karnofsky performance score >80, absence of
nasopharynx recurrence, life expectancy >3 months, and
previous treatment with paclitaxel or gemcitabine in com-
bination with platinum. The clinical characteristics of the
patients included in the study are shown in Table 1.

Drug Administration

The therapeutic program for all patients consisted of S-1
plus apatinib. The dose of S-1 was determined according
to each patient’s body surface area (BSA): 40 mg twice
a day for BSA <1.25 m% 50 mg twice a day for 1.25 m?
<BSA <1.5 m% and 60 mg twice a day for BSA >1.5 m?.
S1 were received for 14 days, after stopping for 7 days,
given 3 weeks apart. Apatinib, 125 mg was administered
orally daily on days 1 through 28 of each 4-week cycle. If
the toxicity was not tolerable, the dose of apatinib was

Table | Clinical Characteristics of NPC Patients with Pulmonary
and/or Hepatic Metastasis

Characteristic
Age (yr)
Median 48
Range 23-67
Sex, n (%)
Male 34 (82.9)
Female 7 (17.1)
Non-keratinizing, n (%)
Undifferentiated type 37 (90.2)
Differentiated type 4 (9.8)
Site of metastasis, n (%)
Lung 15 (36.6)
Liver 9 (22.0)
Multiple locations 17 (41.4)
Treatment line
Second-line 17 (41.4)
Third-line 20 (48.8)
Fourth-line 4 (9.8)
Previously received IMRT, n (%)
Yes 33 (80.5)
No 8 (19.5)
EB DNA¥, n (%)
25.0E+2 copies/mL 32 (78.0)
<5.0E+2 copies/mL 9 (22.0)

Notes: *EBV DNA copy number was detected by real-time polymerase chain
reaction (PCR).
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changed to 125 mg every other day. Liver and renal func-
tion tests as well as routine blood and serum tests were
performed until disease progression was observed.

Efficacy and Safety Assessments

The primary end point of our study was progression-free
survival (PFS), defined as the time from enrollment to
documented tumor progression based on computed tomo-
graphy (CT)/magnetic resonance imaging (MRI) scans or
death as a result of any cause, whichever occurred first.
The secondary end points were ORR = complete response
(CR) + partial response (PR), the disease control rate
(DCR) = CR + PR + stable disease (SD), and toxicity.
Treatment efficacy was evaluated in accordance with the
Response Evaluation Criteria in Solid Tumors and classi-
fied as CR, PR, SD, or progressive disease (PD). Adverse
events were assessed and graded according to the National
Cancer Institute Common Toxicity Criteria version 3.0.

Statistical Analysis

The data were processed using SPSS 21.0 software. OS and
PFS were analyzed using the Kaplan—-Meier model.
Comparisons of OS and PFS between groups were per-
formed using the log rank test. Comparisons of the frequency
of data between groups were carried out using the x> test.
P values <0.05 were considered statistically significant.

Results

Response Rates

All 41 patients completed at least four courses of S-1, and
thus, all patients were included in the evaluation of treat-
ment efficacy after 4 courses of chemotherapy. The treat-
ment outcomes included PR in 14 cases, SD in 19 cases,
and PD in 8 cases. The ORR was 34.1%, and the DCR was
80.4%. We analyzed the potential relationships between
ORR and age, sex, pathological diagnosis, toxicities, loca-
tion and number of tumor metastases, EB-DNA load, line of
chemotherapy, IMRT, and nutritional status. This analysis
identified trends of decreasing ORR and a shortened time to
benefit with an increase in the line of chemotherapy.

Toxicities

The most common toxicities included loss of appetite in
39.0% (16/41) of patients, dyslipidemia in 34.1% (14/41),
hypertension in 31.7% (13/41), myelosuppression in
24.4% (10/41), fatigue in 21.9% (9/41), hand-foot syn-
drome in 17.1% (7/41), and mucositis in 12.2% (5/41;

Table 2 Most Common Toxicities Observed During Treatment

Toxicity, n Grade

1 Il ]l v Sum (%)
Hypertension 7 5 | 0 13 (31.7)
Proteinuria | | 0 0 2 (49)
Fatigue 6 2 | 0 9 (21.9)
Hepatic insufficiency | 0 0 0 1 (2.4)
Mucositis 4 | 0 0 5(122)
Myelosuppression 7 | 2 0 10 (24.4)
Hand-foot syndrome 5 2 0 0 7 (17.1)
Loss of appetite 8 8 0 0 16 (39.0)
Dyslipidemia 9 3 2 0 14 (34.1)
Dizziness 3 0 0 0 3(7.3)
Hoarseness | 0 0 0 1 (24)

Table 2). Seven patients required dose adjustment of apa-
tinib due to side effects. The dose was reduced in 5
patients due to fatigue, whereas treatment was suspended
for 4 weeks in 1 patient due to rupture of the appendix and
for 6 weeks in 1 patient due to cerebral infarction.

Survival Analysis

Patients were monitored for 8-35 months, with a median
follow-up duration of 28 months. The median PFS was 9.7
months (95% confidence interval, 6.2-13.8 months;
Figure 1), the median OS was 22.1 months (95% confidence
interval, 15.1-28.9 months; Figure 2), and the 2-year survi-
val rate was 41.5%. Causes of death included tumor progres-
sion, cachexia, multiple organ failure, and others. For
EB-DNA-—positive patients, we divided the EB-DNA level
into high expression (>1E+5 copies/mL) and low expression
(<1E+5 copies/mL) groups, and no differences in the OS
and PFS were observed between the two groups (all
P>0.05). These patients were also divided into symptomatic
and asymptomatic groups according to the presence or
absence of clinical symptoms, and no differences in PFS
and OS were observed between the two groups (all P>0.05).

Discussion

NPC has unique regional characteristics, with high incidence
areas mainly distributed in southern China, Hong Kong,
Southeast Asia, North Africa, the Middle East and Alaska.
According to data from the International Agency for Cancer
(IARC), 40% of NPC cases in the world occur in China.
Within China, the Pearl River Delta region in Guangdong has
the highest incidence rate of 20-30/100,000 people.’
According to the literature, in the era of two-dimensional
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Figure | Kaplan—Meier estimate of PFS for Chinese NPC patients with pulmonary
and/or hepatic metastasis treated with low-dose apatinib plus S-1.
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Figure 2 Kaplan—Meier estimate of OS for Chinese NPC patients with pulmonary
and/or hepatic metastasis treated with low-dose apatinib plus S-1.

conventional radiotherapy, the 5-year OS rate for NPC was
59-69%, and the LCR was 60.8-79%.>° Since the develop-
ment of IMRT technology in the 1980s, the efficacy of NPC
treatment has significantly improved, and the 5-year LCR
and OS rates reaching 86.0-91.8% and 77.1-84.7%,

respectively.'®!" The main cause of treatment failure is still
distant metastasis, accounting for 70% of NPC disease-
specific deaths.'® Therefore, the current challenges for the
treatment of metastatic NPC are improving efficacy and
reducing side effects. In the selection of chemotherapy regi-
mens, docetaxel and cisplatin combined with fluorouracil
have been shown to prolong OS in cases of locoregionally
advanced NPC,'? and gemcitabine combined with cisplatin
has been identified as the first choice for patients with recur-
rent or metastatic NPC."?

Although first-line chemotherapy has achieved very good
results, progression is inevitable as tumor cells become resis-
tant to chemotherapy drugs. S-1 is a combination of tegafur
and gimeracil (CDHP) and oltiracetam (OXO) in a molar
ratio of 1:0.4:1. Among these drugs, Tegafur is a prodrug of
5-Fu. After entering the body, it is converted into 5-Fu by the
liver P450 enzyme. CDHP and OXO are included to enhance
the efficacy and reduce the toxicity of tegafur, respectively.
Previous research demonstrated that S-1 can provide signifi-
cant additive effects for improving the survival rates among
patients with recurrent or metastatic NPC.'* Apatinib is
a newly developed oral small molecule tyrosine kinase inhi-
bitor that targets VEGFR-2. Blocking the downstream signal
transmission after VEGF binds to its receptor results in
inhibition of tumor blood vessel formation, thereby inhibit-
ing tumor growth. MDR involves not only resistance of
tumor cells to multiple anti-tumor drugs but also cross-
resistance to other anti-tumor drugs with different structures
and mechanisms. Overexpression of adenosine triphosphate
(ATP)-binding cassette (ABC) transporter is an important
cause of MDR. The ABC transporter binds to ATP and acts
to eliminate cytotoxic drugs from the cell. Apatinib competi-
tively binds to the ATP-binding site of ABC transporter, and
thereby, inhibits drug efflux and maintains the intracellular
chemotherapeutic drug concentration. Apatinib was shown
to reverse ATP-binding cassette subfamily B member 1
(ABCBI1)- and ATP binding cassette subfamily G member
2(ABCGQG2)-mediated MDR and improve the efficacy of dox-
orubicin and paclitaxel in drug-resistant cell transplantation
in nude mice."”

In the present study, apatinib was administered at a dose
of 125 mg/d, which is less than the standard doses of 850 mg/
d reported in gastric cancer and 500 mg/d in other tumors.’
However, the lower dose of apatinib was found to be effec-
tive. The common adverse reactions to apatinib in the clinic
are reductions of leukopenia, neutrophils or platelets as well
as non-hematological toxicities, including fatigue, hand-foot
syndrome, hypertension, proteinuria, oral ulcers, etc. These
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toxic side effects are often severe, leading to reduced quality
of life and tolerance among patients. The most common
adverse reaction reported during the administration of apati-
nib is hypertension, with an incidence rate of 69.5%,'¢ and
common hypertension drugs were not found to be effective.
The mechanism may be decreased endothelial cell/platelet
secretion of nitric oxide (NO)/prostacyclin (PGI2), abnormal
blood vessel density, blood vessel stiffening, and endothelin
function disorders. In the present study, the ORR was 34.1%
and the DCR was 80.4%. We also found trends of decreasing
ORR and shortening time to benefit with an increase in the
line of chemotherapy, taking into account factors such as
MDR, decreased human immune function, and nutritional
status. The median PFS was 9.7 months, the median OS was
22.1 months, and the 2-year survival rate was 41.5%.
Compared with previous studies,”'” low-dose apatinib plus
S-1 yielded an excellent survival benefit, and the toxicities
were tolerable and reversible. Grade 3 adverse reactions were
rare. Only 7 patients required dose reduction of apatinib to
125 mg every other day. It was particularly important to pay
attention to the occurrence of dyslipidemia (34.1%). One
case had cerebral infarction, and thus, required drug therapy
to control and lower blood lipids.

In summary, low-dose apatinib combined with S1 was
feasible and resulted in a certain treatment efficacy for
metastatic NPC. Moreover, the side effects were generally
tolerated. This treatment offered good clinical benefits for
metastatic NPC patients after multi-line treatments. In the
future, more trials are needed to further explore the
mechanism of the drugs in the treatment of NPC, and to
expand the sample size for clinical trials to determine the
best drug dosage and method.
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