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Abstract: Nasopharyngeal carcinoma (NPC) is not only a common malignant disease of the head and neck, but also
presented as locoregionally advanced NPC at diagnosis with poor prognosis. The efficacy of current chemoradio-
therapy is unsatisfactory; therefore, in this study, we evaluated the safety and efficacy of treating locally advanced
NPC using recombinant human endostatin injection (Endostar), combined with a cisplatin plus 5-fluorouracil (PF)
regimen and sequential intensity-modulated radiotherapy (IMRT), and compared it with PF plus IMRT regimen.
This phase Il study included 83 eligible patients with stages Ill-IVa NPC (8th AJCC/UICC) who were randomized 1:1
into control (n = 42) and experimental (n = 41) groups. The control group received PF chemotherapy and IMRT for
locally advanced NPC; One cycle of induction chemotherapy (IC) was administered before IMRT, and three cycles
of adjuvant chemotherapy (AC) were administered four weeks post-radiotherapy. The experimental group received
additional Endostar therapy. All patients were followed up for at least 5 years. The primary endpoints were progres-
sion-free survival (PFS) and the objective response rate. The secondary endpoints included overall survival and
treatment-related toxicities. The short-term efficacy was evaluated at the end of the fourth chemotherapy cycle. Our
results showed that the complete response rate of nasopharyngeal lesions was not significantly different between
the experimental and control groups (80.5 vs. 71.4%, P = 0.335); however, there were significant differences in the
complete response rates of cervical metastatic lymph nodes (75.6 vs. 40.5%, P = 0.001), especially for cervical
N3 lymph nodes in the experimental group (55.6 vs. 9.5%, P = 0.004). The overall median follow-up time was 69.7
months. Patients in the experimental group showed significantly prolonged PFS by about four months (hazard ratio
[HR] = 0.64, 95% CI: 0.41-0.99, P = 0.045). There was no significant difference in the median overall survival (P =
0.374). Furthermore, subgroup analysis indicated that the risk of death in patients with cervical N3 lymph nodes in
the experimental group was reduced by 52% (HR = 0.48, 95% Cl: 0.23-0.99, P = 0.046). Moreover, the incidence of
radiation-induced grades 3-4 oral mucositis was significantly lower in the experimental group (29.3% vs. 54.8%, P
= 0.019), while no significant differences in other severe adverse reactions were observed between the two groups
(P>0.05). Taken together, our study indicated that, in patients with locally advanced NPC, Endostar in combination
with PF chemotherapy and sequential IMRT significantly improved PFS, had tolerable treatment-related toxicities,
improved the prognoses of patients with cervical N3 lymph nodes, and reduced the incidence of radiation-related
oral mucositis.
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Introduction

Nasopharyngeal carcinoma (NPC) is a com-
mon malignant disease of the head and neck,
with a unique and unbalanced endemic distri-
bution, especially in South China [1]. More than
70% of the new cases of NPC are diagnosed
as locoregionally advanced NPC and have an
unsatisfactory prognosis [2]. Platinum-based
concurrent chemoradiotherapy (CCRT) is con-
sidered the standard treatment for locoregion-
ally advanced NPC [3]; however, the high inci-
dence of treatment--related toxicities and the
poor compliance in CCRT compromise the effi-
cacy of CCRT [4]. In addition, it has been report-
ed that both induction chemotherapy (IC) and
adjuvant chemotherapy (AC) fail to reduce the
distant metastasis rate or to improve the over-
all survival (OS) rate, except showing progres-
sion-free survival (PFS) benefit [5, 6]. In-
deed, 30% of patients die of distant metasta-
sis, the primary indicator of treatment failure
[7, 8]. Therefore, it is imperative to identify
more effective combination therapies and tre-
atment regimens.

It has been known that neovascularization is
important for the proliferation and metastasis
of solid tumors [9]. Vascular endothelial growth
factor (VEGF) is a tumor-inducing factor that
promotes angiogenesis, tumorigenesis, and
metastasis [10]. It is commonly overexpress-
ed in NPC and attributes to the poor survival
outcome of patients with NPC [11]. The results
from the clinical trial RTOG0615 have indicat-
ed that the combination of bevacizumab and
the standard chemoradiation treatment is safe
and effective for patients with NPC, suggesting
the prospect of applying targeted anti-angio-
genesis therapy in NPC [12]. In addition, recom-
binant human endostatin injection (Endostar)
has been independently developed based on
the anti-angiogenesis activity of endostatin by
Chinese researchers. Endostar has an addi-
tional nine-amino acid sequence at the N-ter-
minus of endostatin that forms his-tag struc-
ture. A multicenter phase lll clinical study sh-
owed that Endostar combined with standard
chemotherapy had significant survival benefit
in patients with advanced non-small cell lung
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cancer [13]. Encouraged by the promising
results of Endostar in lung carcinoma, Endo-
star has been approved by China’s State Food
and Drug Administration for treating non-small
cell lung cancer in 2005. However, there are
few clinical studies on the use of radiotherapy
and chemotherapy combined with Endostar in
the treatment of locally advanced NPC.

Therefore, we conducted a multicenter, ran-
domized controlled, phase Il clinical trial to
evaluate the survival benefit and safety of
Endostar combined with chemotherapy and
sequential intensity-modulated radiotherapy
(IMRT) for locally advanced NPC. This study
provides new insights into the application of
Endostar as a novel therapy strategy for locally
advanced NPC.

Materials and methods
Study design and patients

This randomized, open, multicenter, phase Il
clinical trial was approved by the Medical
Ethics Committee of Yichang Central People’s
Hospital and conducted according to the tenets
of the Declaration of Helsinki. The study was
registered at ClinicalTrials.gov (NCT02444949).
Written informed consent was obtained from
all patients. The study design was shown in
Figure 1.

The study was conducted at four medical cen-
ters in Hubei Province from May 2015 to June
2016. Patients were deemed eligible if they
met the following criteria: (1) newly diagnosed
and pathologically confirmed NPC (stages llI-
IVa except T3NO; 8th American Joint Com-
mission on Cancer staging system) and with
indications for chemoradiotherapy; (2) age
ranging from 18 to 70 years; (3) Eastern
Cooperative Oncology Group (ECOG) score 0-1;
(4) at least one measurable lesion (lesion di-
ameter 220 mm) on magnetic resonance imag-
ing (MRI) scan according to the Response
Evaluation Criteria in Solid Tumors (RECIST)
v1.1; (5) normal routine blood test result and
normal liver, kidney, and heart functions; (6) at
least 3 months of expected survival. The exclu-
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ceptable toxic effects had oc-

’ Patients enroliment (N=86) |

1. Refuse (N=1)

(N=2)

Patients exclude (N=3)

2. Does not meet the inclusion criteria

curred earlier in the study. The
patients were subsequently fo-
llowed up. The patients in the
control group underwent the

Randomization

| |

Experimental group
(N=41)

Control group (N=42)

same procedures but without
Endostar infusion, and then
patients were followed up.

Radiotherapy was performed
with image-guided radiothera-

Follow up

Patients were lost to follow up (N=3)

1. Experimental group (N=1)
2. Control group (N=2)

py using whole-target IMRT.
The gross target volume (GTV)
was delineated to include the

Analysis
Primary end point:
1. Progression-free survival
2. Complete response rate of primary lesion
3. Complete response rate of regional lymph nodes

1. Overall survival
2. Treatment-related toxicity

sion criteria were: (1) previous allergic reaction
to biological agents; (2) receiving other anti-
cancer treatments; and (3) other conditions,
including any of the following: uncontrolled
symptoms of central nervous system metasta-
ses, significant organ dysfunction, and severe
heart disease (including congestive heart fail-
ure, uncontrolled arrhythmia, angina requiring
long-term medical therapy, valvular heart dis-
ease, and myocardial infarction), resistant hy-
pertension, pregnant or lactating women, non-
healing infectious wounds, or a history of un-
controlled mental iliness.

Treatment protocol

The patients in the experimental group receiv-
ed IC administered as one cycle of PF regimen
(cisplatin 25 mg/m? on days 1-3 and 5-fluoro-
uracil 600 mg/m? on days 1-5) with concurrent
Endostar infusion. Endostar was administered
at 30 mg daily via a continuous intravenous
pump for 5 days (150 mg Endostar was added
to 200 mL of normal saline and infused using a
250 mL pump). IMRT started on day 6 and was
administered 5 times per week. After a 4-week
break at the end of radiotherapy, Endostar plus
PF regimen was administered as AC for up to 3
cycles (a duration of 3 weeks was considered
one cycle) unless progressive disease or unac-
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Figure 1. Trial flow dia-
Second end point: gram.

entire dimension of the neo-
plastic lesion on imaging, en-
doscopy, and physical exami-
nation. GTVnx and GTVnd were
defined as the GTV of the pri-
mary tumor and that of the
metastatic lymph nodes in the
neck, respectively. Clinical tar-
get volumes 1 and 2 were
high-risk and low-risk clinical target regions,
respectively. The planning target volume (PTV)
was calculated as the clinical target volume
expanded 3-5 mm externally and corrected
appropriately in vital organs.

The target-region prescription doses were de-
termined as follows: for T1-2: PGTVnx = 70.4
GY/2.2 GY/F x 32 F, PGTVnd = 70.4 GY/2.2
GY/F x 32 F, PTV1 = 60.16 GY/1.88 GY/F x 32
F, and PTV2 = 55.04 GY/1.72 GY/F x 32 F; for
T3-4: PGTVnx = 73.6 GY/2.3 GY/F x 32 F,
PGTVnd = 70.4 GY/2.2 GY/F x 32 F, PTV1 =
60.16 GY/1.88 GY/F x 32 F, and PTV2 = 55.04
GY/1.72 GY/F x 32 F. The colony-stimulating
factor was used to treat grade =2 hematologi-
cal toxicities, and treatment interruption was
allowed for any intolerable severe chemoradio-
therapy reactions.

Patient evaluation and follow-up

Patients were considered evaluable for the as-
sessment of treatment response if they recei-
ved at least two cycles of AC after radiotherapy.
The short-term efficacy evaluation was based
on the imaging results after the completion of
the last AC. The results were divided into com-
plete response (CR), partial response (PR), sta-
ble disease (SD), and progressive disease (PD)
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according to the RECIST version 1.1. The ob-
jective response rate was calculated as the
sum of the CR and PR rates.

The patients were followed up once every 3
months for 2 years and once every 6 months
thereafter. Follow-up comprised a routine blood
test, plain and enhanced MRI scan of the na-
sopharynx and neck, and computed tomogra-
phy of the lung and upper abdomen. Brain MRI
and bone emission computed tomography were
performed as needed.

The primary endpoint was PFS, which was cal-
culated from the registration date to the first
observation of progressive disease or death
due to any cause, whichever occurred first.
Secondary endpoints included OS, which was
defined as the date from registration to death
due to any cause, and treatment toxicities
(adverse reactions to radiotherapy and chemo-
therapy graded according to the Common Ter-
minology Criteria for Adverse Events version
4.0).

Statistical analysis

Pearson’s chi-squared test or Fisher's exact
test and Student’s t-test were performed in
SPSS to evaluate the differences in variables
and treatment toxicities between the two gr-
oups. Kaplan-Meier survival curves were ge-
nerated using the survminer R package (ver-
sion 0.4.9) and compared using the log-rank
test between the two groups. The Cox propor-
tional hazards model was used in univariate
and multivariate analyses to evaluate indepen-
dent prognostic factors associated with OS and
PFS and to calculate the corresponding 95%
confidence intervals (Cls). The Cox PH assump-
tion was verified using statistical tests based
on the Schoenfeld residuals. Subsequently,
subgroup analysis was performed to evaluate
the survival benefit in each subgroup. All statis-
tical testing was two-sided, with the signifi-
cance level set at P<0.05. All statistical analy-
ses were performed using IBM SPSS Statis-
tics for Windows, version 26.0 (IBM Corp.;
Armonk, NY, USA) or R software version 4.1.1
(R Foundation; Vienna, Austria).

Results
Patient characteristics

From May 2015 to June 2016, 86 patients
diagnosed with locally advanced NPC were
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enrolled in four medical centers in Hubei
Province. Three patients were excluded be-
cause two did not meet the inclusion criteria,
and one refused to participate. Therefore, 83
patients were randomly divided into two
groups: the experimental group (41) and the
control group (42), received the assigned tre-
atment, and were evaluable for treatment
response, outcomes, and toxicities. The medi-
an patient age was 52 years (range: 22-70),
and there were 61 men and 22 women. In total,
33 patients (39.8%) were classified as T1/T2,
while 50 patients (60.2%) were classified as
T3/T4. Most patients were diagnosed as N2
(47%) and N3 (47%), while 32 (38.6%) and 51
(61.4%) patients were diagnosed with stage Il
and stage IVa NPC, respectively. The control
group had 17 stage Ill (40.5%) and 25 stage
IVa (59.5%) NPC cases. The experimental group
had 15 patients (36.6%) with stage Ill and 26
(63.4%) with stage IVa NPC. Some patients in
the experimental (n = 3) and control (n = 2)
groups completed only two cycles of AC after
IMRT due to treatment-related toxicities; the
remaining patients completed the treatment
plan. All patients were restaged according to
the 8th edition of the UICC/AJCC staging sys-
tem, and the clinical characteristics were well
balanced between these two groups (all P>
0.05, Table 1).

Short-term efficacy

The short-term treatment efficacy after com-
pleting the last AC was evaluated in these two
groups. Based on the results for the cervical
metastatic lymph nodes, CR and PR were con-
firmed in 31 (75.6%) and 10 (24.4%) cases,
respectively, in the experimental group, while
17 (40.5%) and 25 (59.5%) cases, respectively,
in the control group, indicating a significantly
improved CR rate for lymph nodes in the experi-
mental group (P = 0.001). In addition, the CR
rate of cervical N3 lymph nodes in the experi-
mental group was significantly higher than in
the control group (55.6% vs. 9.5%, P = 0.004).
However, there was no significant difference for
curative efficacy on nasopharyngeal lesions
between the two groups (P = 0.335), as the
cases for CR and PR were 33 (80.5%) and 8
(19.5%), respectively, in the experimental gr-
oup, while 30 (71.4%) and 12 (28.6%), respec-
tively, in the control group (Table 2).
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Table 1. Clinical characteristics of 83 patients with locally advanced nasopharyngeal carcinoma (NPC)

Experimental group Control group

Characteristic (n = 41) (n=42) P
Gender Male 30 31 0.947
Female 11 11
Age (Years) Range 23-70 22-70 0.297
ECOG score 0 11 8 0.399
1 30 34
Pathological types Keratinized carcinoma 0 1 0.676
Non-keratinizing carcinoma 38 37
Undifferentiated type 2 4
Adenoid cystic carcinoma 1 0
Clinical stage® I 15 17 0.716
IVa 26 25
T staging T1 3 4 0.910
T2 14 12
T3 15 15
T4 9 11
N staging N1 3 2 0.830
N2 20 19
N3 18 21

aStaging is based on the American Joint Commission on Cancer (AJCC) eighth edition of the TNM staging system in 2018.

Table 2. Short-term efficacy after completion of treatment

Nasopharyngeal lesions

Cervical metastatic lymph nodes

Cervical N3 lymph nodes

Experimen-  Control Experimen-
tal groupn  groupn X P tal group n
(%) (%) (%)

Control Control
group n X P
(%)

Experimental

2
group n (%) groupn X P

(%)

CR 33(80.5) 30(71.4) 0.931 0.335 CR 31 (75.6)
PR 10 (24.4)

PR 8(19.5) 12(28.6)

17 (40.5) 10.501 0.001 CR 10 (55.6)
(59.5) PR

2(9.5) - 0.004
8(44.4) 19(90.5)

CR, complete response; PR, partial response.

Based on MRI results, the local lesions in both
the experimental and the control groups were
significantly relieved after treatment compared
with pre-treatment images (Figure 2). However,
in patients with cervical N3 lymph nodes, the
therapeutic efficacy in the experimental group
was significantly better than that in the control
group (Figure 3).

Long-term efficacy

By the last follow-up date of June 30, 2021,
the median patient follow-up time was 69.7
months (range: 15.30-77.50 months), with 1
patient in the experimental group and 2 pa-
tients in the control groups loss to follow-up.
Our results showed that the patients in the
experimental group significantly benefited from
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the combination therapy with Endostar as the
median PFS was 25.6 months in the experi-
mental group, while it was 21.4 months in the
control group (HR = 0.64, 95% CI: 0.41-0.99,
P = 0.045, Figure 4), There was no significant
difference in the median OS between these
two groups (50.8 vs. 45.6 months, HR = 0.78,
95% Cl: 0.46-1.34, P = 0.374, Figure 5).

We also conducted univariable and multiva-
riate analyses to explore the prognostic pre-
dictors in our trial and found that clinical stage
IVa was an independent negative predictor for
PFS (P<0.001, Table 3) and 0OS (P<0.001,
Table 4). In addition, a benefit in PFS was ob-
served for patients in the experimental group
from multivariate analyses (HR = 0.53, 95% Cl:
0.34-0.84; P = 0.006, Table 3). However, this
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Figure 2. MRI of nasopharyngeal lesions in experimental group and control group before and after treatment. Repre-
sentative MRl images before and after treatment for experimental and control group. (A) Baseline MRI of nasopha-
ryngeal lesions in a 56-year-old man with nasopharyngeal carcinoma in the experimental group, (B) Reexamination
of MRI after treatment showed complete response (CR). (C) Baseline MRI of nasopharyngeal lesions in a 53-year-old
woman with nasopharyngeal carcinoma in the control group, (D) Reexamination of MRI after treatment showed
complete response (CR).

benefit was not observed in 0OS (P = 0.374, Further subgroup analyses were performed
Table 4). for OS in patients stratified by the following
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Figure 3. MRI of cervical N3 lymph nodes before and after treatment in experimental group and control group. (A)
Baseline MRI of cervical N3 lymph nodes in a 61-year-old man with nasopharyngeal carcinoma in the experimental
group, (B) Reexamination of MRI after treatment showed complete response (CR) of cervical N3 lymph nodes. (C)
Baseline MRI of cervical N3 lymph nodes in a 59-year-old woman with nasopharyngeal carcinoma in the control
group, (D) Reexamination of MRI after treatment showed partial response (PR) of cervical N3 lymph nodes.

characteristics (covariates): gender (male, fe-
male), age (<52, =52 years), T stage (T1-2,
T3-4), N stage (N1, N2, N3), clinical stage (lll,
IVa), and ECOG score (0, 1). In patients with cer-
vical N3 metastatic lymph nodes in the experi-
mental group, the risk of death was reduced
compared to that in the control group, with mar-
ginally statistical significance (HR = 0.48, 95%
Cl: 0.23-0.99, P = 0.046; Figures 6 and 7). No
significant interactions between these covari-
ates and the treatment groups were noted (all
P>0.05; Figure 6).

Treatment toxicity

A total of 5 patients did not complete the
planned AC cycles due to severe gastrointesti-
nal reactions and hematological toxicity. The
most common acute adverse reactions were
leukopenia, neutropenia, hemoglobin reducti-
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on, nausea and vomiting, liver function dam-
age, and radioactive dermatitis; however, there
were no significant differences in the distribu-
tion of adverse events between the two groups
(P>0.05, Table 5). Furthermore, the incidence
of grade 3-4 radiation-induced oral mucositis
was significantly lower in the experimental
group than in the control group (29.3% vs.
54.8%, P = 0.019).

The overall adverse reaction to the Endostar
combinational therapy was tolerable as no
grade 3 or 4 arrhythmia, hypertension, liver/
kidney function damage, thrombocytopenia, or
anemia were observed in the experimental gr-
oup throughout the treatment period. In addi-
tion, bleeding or coagulation dysfunction were
not observed in either group. The most com-
mon late toxicities were dry mouth, hearing
loss, subcutaneous fibrosis, and temporal lobe
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Figure 4. Progression-free survival curves of two groups of patients with locally advanced nasopharyngeal carci-
noma.
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Figure 5. Overall survival curves of two groups of patients with locally advanced nasopharyngeal carcinoma.

injury. There was no occurrence of radioactive injury, mouth opening limitation, or vision loss.
cerebral nerve palsy, osteonecrosis, pituitary Importantly, there was no significant difference
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Table 3. Cox regression analysis of PFS

Univariate Analysis

Multivariate Analysis

Variables
HR 95% ClI P HR 95% ClI P

Age (years)

<52 1

>52 0.86 0.56-1.33 0.497
Gender

Male 1

Female 0.66 0.4-1.09 0.107
Pathology

Non-keratinizing 1

Keratinized 92.69 5.77-1488.4 0.001 43.05 2.67-695.38 0.008

Undifferentiated 2.7 1.15-6.33 0.022 1.73 0.68-4.35 0.248

Adenoid cystic 1.97 0.27-14.46 0.504 1.09 0.1-11.6 0.946
Clinical stage

1 1

IVa 5.58 3.13-9.96 <0.001 5.54 2.29-13.4 <0.001
T staging

T1-2 1

13-4 1.45 0.93-2.28 0.101
N staging

N1 1

N2 0.78 0.3-2.04 0.619 0.58 0.19-1.73 0.326

N3 2.87 1.11-7.4 0.029 0.69 0.19-2.6 0.589
ECOG socre

0 1

1 0.8 0.47-1.34 0.393
Group

Control 1

Experimental 0.64 0.41-0.99 0.045 0.53 0.34-0.84 0.006

in the late adverse reactions between the two
groups (P>0.05).

Discussion

Various strategies combining radiotherapy and
chemotherapy, including IC plus radiotherapy,
CCRT, and AC after radiotherapy, have been
implemented to improve the outcomes of
patients with locally advanced NPC. Never-
theless, no breakthrough in efficacy has been
achieved, and 40-60% of patients with locally
advanced NPC eventually develop locoregional
recurrences or distant metastases [14]. The
results of our trial demonstrated that Endostar
combined with PF regimen and sequential IMRT
significantly improved PFS in locally advanced
NPC and had tolerable toxicities, suggesting
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that adding anti-angiogenic drugs to systemic
therapy is a feasible therapeutic strategy.

Previous reports have shown that treatment
using anti-angiogenic drugs (e.g., bevacizu-
mab) can considerably improve the prognoses
and significantly reduce the risk of death in
patients with solid tumors, including non-small
cell lung cancer, colorectal cancer, and liver
cancer [15-17]. This encouraging result inspir-
ed us to assess the effect of anti-angiogenic
drugs in combination therapy. We chose to use
anti-angiogenesis agent Endostar because, un-
like the single-target VEGF-A inhibitor bevaci-
zumab, Endostar can act on multiple targets,
including VEGF, VEGF receptor-2, and platelet-
derived growth factor receptor, to directly inhib-
it vascular endothelial cell proliferation, thereby

Am J Cancer Res 2022;12(10):4622-4636
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Univariate Analysis

Multivariate Analysis

Variables
HR 95% ClI P HR 95% ClI P
Age (years)
<52 1
>52 0.88 0.52-1.51 0.647
Gender
Male 1
Female 0.85 0.46-1.56 0.591
Pathology
Non-keratinizing 1
Keratinized 5.97 0.78-45.6 0.085 3.9 0.51-29.91 0.19
Undifferentiated 2.78 1.18-6.54 0.02 2.21 0.93-5.23 0.072
Adenoid cystic 1.59 0.22-11.59 0.649 0.91 0.12-6.69 0.926
Clinical stage
I 1
IVa 4.53 2.36-8.7 <0.001 4.33 2.24-8.36 <0.001
T staging
T1-2 1
13-4 1.71 0.97-3.01 0.064
N staging
N1 1
N2 1.51 0.35-6.46 0.576
N3 3.96 0.94-16.6 0.06
ECOG socre
0 1
1 0.79 0.43-1.45 0.45
Group
Control 1
Experimental 0.78 0.46-1.34 0.374

suppressing tumor growth [18]. Yang et al.
[19] have demonstrated that Endostar signifi-
cantly inhibits the formation and growth of the
vascular endothelial CNE-2 cells-derived xeno-
graft tumor in nude mice. Similar results have
also been obtained in the study where Endo-
star, combined with IMRT, significantly inhibits
the growth of NPC xenografts. A phase Il clini-
cal trial has confirmed that adding Endostar to
gemcitabine and cisplatin chemotherapy leads
to significant tumor regression, controls dis-
ease progression, and improves the prognosis
in metastatic NPC patients [20]. However, the
clinical studies on Endostar are limited to pa-
tients with distal metastasis or patients experi-
encing drug resistant to initial treatment. There
are few studies on the efficacy and safety of
Endostar combined with chemotherapy and
sequential IMRT for the treatment of locally
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advanced NPC, which was the goal of our cur-
rent study.

CCRT with a platinum-based regimen has been
the standard treatment for locoregionally ad-
vanced NPC [3, 21]. Nevertheless, several cli-
nical trials found that IC plus CCRT did not
improve local/regional control, disease-free
survival, and OS compared to IC plus IMRT
alone [22-24]. One reason for this finding could
be that the Intergroup 0099 trial was conduct-
ed in the era of traditional radiotherapy, while
IMRT may provide greater local control and
lower toxicities than two-dimensional general
radiotherapy [25]. Additionally, IC can increase
treatment-related toxicities, leading to treat-
ment interruption in some patients [26, 27].
Consistent with this, Yang et al. [28] demon-
strated that IC plus IMRT alone had similar
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Characteristics  experimental control HR (95%Cl) P Value P for interaction
Allparents 41 2 = 078(0.46-134) 0374
Age 0.451
<52 21(51.22) 17 (40.48) F—t— 0.61(0.28-1.35)  0.223
>=52 20(48.78) 25 (59.52) e E— 0.9(0.43-1.88) 0.782
Gender 0.549
male 30 (73.17) 31(73.81) —_— 0.9(0.48-167)  0.732
female 11 (26.83) 11 (26.19) ——7 0.55(0.19-1.59) 0.267
Clinical stage 0.708
1l 15 (36.59) 17 (40.48) [ ! 0.75(0.24-2.38)  0.628
IVa 26 (63.41) 25 (59.52) —t— 0.64 (0.35-1.18) 0.151
T staging 0.507
T1.2 17 (41.46) 16 (38.10) _ 0.71(0.28-1.79)  0.463
T3 4 24 (58.54) 26 (61.90) e E— 0.87 (0.45-1.69)  0.687
N staging 0.072
N1 3(7.32) 2(4.76) 0.47 (0.03-7.86) 0.6
N2 20 (48.78) 19 (45.24) } > 1.51(0.63-358)  0.354
N3 18 (43.90) 21(50.00) — — 0.48 (0.23-0.99)  0.046
ECOG score 0.236
socre=0 11 (26.83) 8(19.05) ; > 1.26 (0.43-3.7) 0.67
score=1 30 (73.17) 34 (80.95) —_ 0.65(0.35-1.21) 0175
T
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Figure 6. Subgroup analyses of OS.
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Figure 7. Kaplan-Meier plots of OS in patients with Cervical N3 lymph nodes.

favorable treatment outcomes as CCRT but
resulted in fewer incidences of leukopenia and
anemia. Considering the treatment-related tox-
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icities and patient compliance with combina-
tion therapy, we designed the Endostar with
IC-IMRT-AC strategy for the experimental group
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Table 5. Acute adverse reactions in the two groups

Experimental group n (%)

Control group n (%)

Toxicity X2 p*
Any grade Grade 3/4 Any grade Grade 3/4

Leukopenia 38 (92.7) 9 (22.0) 37 (88.1) 9 (21.4) 0.003 0.954
Neutropenia 35 (85.4) 14 (34.1) 33(78.6) 9 (21.4) 1.675 0.196
Hemoglobin decrease 33 (80.5) 0 34 (81.0) 1(2.4) - 1.0
Thrombocytopenia 2 (4.9) 0 4 (9.5) 0

Nausea/vomiting 40 (97.6) 7(17.1) 38 (90.5) 8 (19.0) 0.055 1.0
Diarrhoea 6 (14.6) 0 5(11.9) 0

Liver dysfunction 25 (61.0) 0 21 (50%) 0

Renal dysfunction 3(7.3) 1(2.4) 5(11.9) 0 - 0.494
Oral mucositis 39 (95.1) 12 (29.3) 40 (95.2) 23 (54.8) 5.529 0.019
Skin reaction 33 (80.5) 1(2.4) 32 (76.2) 2 (4.8) 0 1.0
Hypertension 2 (4.9) 0 0 0

Cardiac arrhythmia 1(2.4) 0 0 0

*P values showed the results of grade 3/4 acute toxicity in two groups.

and IC-IMRT-AC strategy without Endostar for
the control group. The PF regimen has been
proven to be an optimal IC which can improve
PFS and OS [29].

Our study didn’t find statistical difference in the
CR rates of nasopharyngeal lesions between
the experimental and control groups. However,
Endostar in the combination treatment was an
independent prognostic factor affecting the
PFS of the patients, and the CR rate of cervical
metastatic lymph nodes was significantly high-
er, especially the CR rate of cervical N3 lymph
nodes. Furthermore, subgroup analyses identi-
fied that Endostar combined chemoradiothera-
py reduced the risk of death in patients with
cervical N3 metastatic lymph nodes by 52%.
Although no significant interaction was ob-
served, these findings were consistent with the
results reported by Kang et al. [30] and Li et al.
[31]. Moreover, our results suggested that
Endostar combined with chemoradiotherapy
has synergistic effects in treating NPC. It is
well known that VEGF expression correlates
with the microvessel density within a tumor,
and metastatic NPC has higher level of circulat-
ing VEGF [31]. Since VEGF plays an important
role in lymph node metastasis through the
induction of angiogenesis in NPC, its inhibi-
tion by Endostar will suppress the development
of metastatic tumor. In addition, Endostar also
promotes the apoptosis of tumor and vascular
endothelial cells and improves hypoxia in tu-
mor tissues, which may enhance radiotherapy
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sensitivity [32]. The use of Endostar significant-
ly prolonged PFS by more than four months,
and the 2- and 5-year OS rates were also
improved. Nevertheless, our study didn’t show
a statistically significant difference in OS out-
comes, which might be related to the limited
sample size and the short follow-up time.

With respect to treatment-related toxicities,
the most common acute adverse reactions we
observed in both treatment groups were leuko-
penia, neutropenia, hemoglobin reduction, na-
usea and vomiting, liver function damage, and
radioactive dermatitis. Importantly, the patients
in the experimental group didn’t suffer worse
adverse reactions than the patients in the con-
trol group, suggesting that the inclusion of
Endostar did not result in any unusual or
severe-grade events; particularly, no grade 3
or 4 hypertension, cardiac arrhythmia, hemor-
rhage, and coagulation dysfunction were ob-
served, and the compliance with the protocol
therapy remained ideal. Notably, there was a
statistically significant decrease in the inciden-
ce of radiation-induced grade 3-4 oral mucosi-
tis in the experimental group. It is well known
that radiation-induced oral mucositis is one of
the most common complications after chemo-
radiotherapy in patients with head and neck
cancer. The accompanying side effects of radi-
ation-induced oral mucositis, including severe
pain, increased risk of systemic and local infec-
tions, and mouth dysfunction, severely affect
the patients’ quality of life. Furthermore, these
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side effects may cause treatment interruption
and extended treatment course. Hence, it is
clinically significant that Endostar can reduce
the incidence of radiation-induced oral mucosi-
tis. As for the molecular mechanisms underly-
ing the effect of this Endostar, it has been
reported that Endostar can reduce the inci-
dence of radiation-induced lung injury by nor-
malizing the structure and function of vaso-
ganglion and downregulating the inflammatory
mediator TGF-B1 [33]. Consistently, the expres-
sion of VEGF in NPC is related directly to tumor
microvessel density [34]. Endostar can upregu-
late the endogenous anti-angiogenesis activity
and downregulate VEGF activity, thereby lead-
ings to the reduced number of microvessel and
lower oxygen consumption by immature blood
vessels, the reduced inflammatory exudation,
and the improved recovery of necrotic tissues
[18, 35]. Data from our current study supported
these findings and demonstrated that Endostar
combined with chemoradiotherapy not only
improved the tolerance of patients with locally
advanced NPC but also effectively reduced the
incidence of adverse reactions to radiation-
related oral mucositis. Taken together, Endo-
star combined with chemoradiotherapy may
provide a new strategy for the prevention and
treatment of radiation injury.

This study had some limitations. First, as a
phase Il clinical trial, this study included a small
sample size. Second, the follow-up time should
be longer, and the long-term survival endpoint
has yet to be observed in some patients.
Multicenter, large-scale, and longer-term fol-
low-up studies are needed to verify the findings
from this study.

In conclusion, Endostar in combination with PF
chemotherapy and sequential IMRT significant-
ly improves the PFS of patients with locally
advanced NPC, has tolerable treatment-related
toxicities, increases the CR rate of cervical N3
lymph nodes, and reduces the incidence of
radiation-related oral mucositis. These findings
provide the rationale for conducting further
studies to confirm the effects of this novel com-
bination therapy.
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