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Abstract
To evaluate the treatment efficacies and toxicities of concurrent cetuximab-based bioradiotherapy (BRT) or cisplatin-based
chemoradiotherapy (CRT) in locally advanced nasopharyngeal carcinoma. :Patients with previously untreated locally advanced
nasopharyngeal carcinoma were matched into pairs, and enrolled into the study. All patients were given either BRT or CRT. Survival
outcomes, toxicities, and prognostic factors were evaluated. :A total of 112 patients were enrolled. The 5-year overall survival was
79.3% and 79.5% in CRT and BRT arm, respectively (P=0.797) and the 5-year DFSwas 73.5% and 74.6%, respectively (P=0.953).
In toxicity analysis, CRT arm had more significant decrease in white blood cell, platelet, hemoglobin, and severe vomiting, while more
severe skin reactions andmucositis were shown in BRT arm. :BRTwas not less efficacious than traditional CRT. They lead to different
aspects of toxicities. If patients cannot stand more severe toxicities caused by CRT, BRT could be an ideal alternative.

Abbreviations: BRT = concurrent cetuximab-based bioradiotherapy, CCRT = concurrent chemoradiotherapy, CRT = cisplatin-
based chemoradiotherapy, EGFR = epidermal growth factor receptor, IMRT = intensity-modulated radiotherapy, LA-NPC = locally
advanced nasopharyngeal carcinoma, NPC = nasopharyngeal carcinoma, OS = overall survival, PFS = progression free survival.
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1. Introduction

Nasopharyngeal carcinoma (NPC) is a major part of tumors in
head and neck region and the global incidence is increasing to
half a million and causing more than 34.1 million death every
year.[1] NPC has its distinct epidemiology and geographic
distribution, where southern China and Southeast Asia are
popular epidemic areas.
Patients with T1N0M0 NPC could achieve curable outcomes

simply through radiotherapy, while patients with locally
advanced NPC usually receive chemoradiotherapy with
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induction/concurrent chemotherapy with improved surviv-
al.[2,3] Studies showed prolonged loco-regional control interval
and overall survival (OS), progression free survival (PFS) by
concurrent chemoradiotherapy (CCRT). Among the concurrent
platinum agents, single-agent cisplatin is superior to single-
agent carboplatin and equivalent to carboplatin with 5-
fluorouracil in retrospective analyses.[4,5] And cisplatin-based
treatment has now been considered as the most common used,
first-line treatment regimen to treat patients with recurrent
metastatic NPC, for many large randomized studies have
demonstrated that cisplatin-based regimen provided significant-
ly higher response rates than radiotherapy alone in both
locoregional advanced and recurrent NPC.[6,7] Chemotherapy
with radiation therapy are recommended for locally advanced
nasopharyngeal cancers, with acceptable cisplatin-based che-
motherapy regimen.[8] Epidermal growth factor receptor
(EGFR) seems to be critical to cancer cells growth and
proliferation, but not normal cells, and the function of EGFR
in these 2 settings seems to be different.[9,10] NPC showed EGFR
functional difference compared with normal cells without
exception.[11] EGFR expression level showed marked increase
and overexpression in NPC, and it was shown to be an
independent prognostic factor predicting poorer survival.[12]

Thus, downregulating EGFR with EGFR inhibitors has become
a burgeoning strategy in antitumor treatment. Cetuximab, an
EGFR-targeting monoclonal antibody, is the first targeted
therapy that showed therapeutic benefit in head and neck
cancer,[13] and received FDA approval in the use of HNSCC in
2006.[14,15] Anti-EGFR treatment strategy with cetuximab has
been conducted in NPC treatment by integrating cetuximab into
traditional cisplatin-based CCRT[16,17] Up to date, improved
locoregional control and prolonged survivals have been
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achieved in lung cancers, gastrointestinal cancers with addition
of this anti-EGFR strategy into traditional chemoradiotherapy
regimen.[18–20] However, this current combination of cetuximab
and chemoradiotherapy would increase both treatment-related
toxicity and cost at the same time, though the adverse events
reported were generally acceptable.[21,22] Based on the demon-
stration that radiotherapy plus anti-EGFR cetuximab showed
satisfying outcomes in HNSCC and the overexpression of EGFR
in NPC, as with HNSCC and, we speculate that anti-EGFR
cetuximab also benefit patients with NPC. We hypothesized
that characteristics of these patient groups would be similar.
Hence, we sought to compare the outcomes of concurrent
IMRT with cisplatin or cetuximab in regard to survival results,
and treatment-related adverse events in patients with NPC.
2. Methods and patients

2.1. Patient evaluation

Between January 1, 2008, and July 31, 2012, 56 patients with
locally advanced nasopharyngeal carcinoma were enrolled in
cetuximab-based bioradiotherapy (BRT) group, receiving con-
current IMRT plus cetuximab-based biotherapy from West
China Hospital cancer center. In the same duration, 420 patients
receiving concurrent IMRT cisplatin-based chemotherapy, and
56 of these patients werematched to BRT group according to age,
gender, tumor staging, and Eastern Cooperative Oncology
Group (ECOG) scoring.
A total of 112 patients who received radiotherapy combined

with BRT or cisplatin-based chemoradiotherapy (CRT) with
IMRT were enrolled into the study. All included patients had
previously untreated, and pathologically proven squamous cell
carcinoma of nasopharynx (T1-T4, N0-N3, M0, and no T1N0),
which was suitable for chemoradiotherapy. The initial workup
included staging the patient before treatment with a head and
neck contrast-enhanced MRI, nasal fibroendoscopy, and a full
clinical and biologic evaluation documenting the status of distant
metastases, including a chest CT scan, abdominal color Doppler
ultrasound, bone scan with or without a FDG-PET scan. Patients
were preferred in a good performance scan, measured with
ECOG scale score less than 2, as patients with unacceptable
tumor burden or bad general condition might impair their
complement of treatment regimen.
2.2. Treatment and follow-up

Eligible patients received 2 cycles of TPF induction regimen
(paclitaxel 150–175mg/m2 on day 1+ cisplatin 25mg/m2 on
days 1–3+ and fluorouracil 600mg/m2 per through days 1–5) at
Q21. Three weeks after the 2 induction cycles, patient started
radiotherapy. All patients received intensity-modulated radio-
therapy (IMRT) with variable 2.12 to 2.24 Gy fraction per day
and 5 days per week up to a total of 70 to 74 Gy in 33 fractions.
The delineation of target volumes was based on imaging (MRI or
FDG-PET and were performed in the same series). Those patients
in BRT received a loading dose of cetuximab 400mg/m2 on day 1
of the week preceding RT and thereafter a weekly dose of 250mg/
m2 during RT till week 8 and those in CRT arm received 3 cycles
of 25mg/m2 cisplatin on days 1–3 every 3 weeks. Premedication
consisted of oral dexamethasone (8mg twice a day, which was 6
and 12hours before paclitaxel administration, respectively).
Granulocyte colony-stimulating factor was administrated in case
of febrile neutropenia (150mg/d), and platelet stimulating factor
2

in grade 3 and 4 thrombocytopenia (15,000 U, i.h.). If the
creatinine clearance decreased to 40 to 60mL/min, the dose of
cisplatin was reduced to 50mg/m2.
After treatment regimen administration of patients, nasopha-

ryngeal endoscopic evaluation, head and neck MRI scan, chest
CT scan, and abdominal color Doppler ultrasound were
scheduled per protocol at posttreatment every 3 months in the
first 2 years and every 6 months after the first 2 years in case of
suspected recurrence. Bone scan was scheduled once per year.
2.3. Statistical analysis

Treatment response and disease progression was analyzed 4
weeks after completion of radiotherapy (first f/u) and 3 months
thereafter (second f/u). Treatment outcome/survival rates were
evaluated using higher nonparametric statistics (Kaplan–Meier
survival analysis/log-rank and Wilcoxon test, in which the log-
rank test was used to compare survival curves). Progression-
free survival was defined as time from start of radiation
therapy until first event (ie, loco-regional relapse, distant
metastases, and death). Accordingly, OS was calculated from
the start of radiotherapy to the death event from any cause. All
survival results were calculated from the day of the start of
radiotherapy until the appearance of event or the time of last
follow-up.
Categorical variables were compared between patients who

received BRT or CRT using the Paired rank sum test, both
univariate (using Kaplan–Meier survival analysis) and multivari-
ate analyses (using Cox regression) to determine the potential
prognostic risk factors associated with disease-free survival and
OS, in which the statistical value indicate how many times of
increased risk of the advent of events. The adverse events
(toxicity) were assessed based on clinical judgment and was
documented using CTCAE 4.02. P value less than 0.05 was
regarded that there was statistically significant difference between
analyzed groups in all those tests described above. All statistical
analyses were performed using SPSS statistical software version
22 (SPSS, Chicago, IL).
2.4. Ethics statement

This study was approved by the Institutional Review Board of
West China Hospital, Sichuan University, China. The institu-
tional review board stated that the written consents of patients
were not required, because personal information of theses
participants was not included. All participants were protected by
using anonymized patient identification numbers.
3. Results

3.1. Patients characteristics

A total of 112 patients who received radiotherapy combined with
cetuximab or cisplatin were enrolled into the study. In the 2
matched cohorts, there was no significant difference regarding
the matched indicators, that is, age, tumor staging, gender, and
ECOG scoring. The median ages of patients in the BRT and CRT
groups were 46.2 (15–69) and 45.8 (16–67) months, respectively
(P=0.892). Patients in 2 comparison arms had a similar tumor
stage and metastasis status of disease (P=0.002). The median
follow-up time was 55.4 (33–73)months in BRT arm and 56.2
(36–70)months in CRT arm, respectively. Patient basic character-
istics were listed in Table 1.



Table 1

Patient characteristics.

BRT CRT
P valueN=56 N=56

Median age 46.2 (15–69) 45.8 (16–67) 0.892
Median follow-uptime, mo 55.4 (33–73) 56.2 (36–70) 0.903
Gender 0.622
Male 47 (83.9) 45 (80.4)
Female 9 (16.1) 11 (19.6)

Age 0.803
0–20 4 (7.1) 3 (5.4)
20–60 46 (82.1) 45 (80.4)
>60 6 (10.7) 8 (14.3)

Tumor stage 0.487
T1 6 (10.7) 12 (21.4)
T2 18 (32.1) 15 (26.8)
T3 16 (28.6) 14 (25)
T4 16 (28.6) 15 (26.8)

Nodal stage 0.797
N0 3 (5.4) 3 (5.4)
N1 18 (32.1) 21 (37.5)
N2 30 (53.6) 25 (44.6)
N3 5 (8.9) 7 (12.5)

Metastasis 1
M0 56 (100) 56 (100)
M1 0 (0) 0 (0)

AJCC 2010 stage 0.629
II 9 (16.1) 10 (17.0)
III 30 (53.6) 25 (44.6)
IV 17 (30.4) 21 (33.9)

ECOG 0.376
0–1 51 (91.1) 48 (85.7)
2 5 (8.9) 8 (14.3)

BRT=cetuximab-based bioradiotherapy, CRT= cisplatin-based chemoradiotherapy, ECOG=Eastern
Cooperative Oncology Group, mo=months.

Table 2

Patterns of treatment failure.

CRT % BRT %

Recurrence 6 31.58 5 25
Lung metastasis 5 26.32 7 35
Liver metastasis 2 10.53 3 15
Bone metastasis 6 31.58 5 25
Total 19 100 20 100

BRT= cetuximab-based bioradiotherapy, CRT= cisplatin-based chemoradiotherapy.
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3.2. Survival outcomes

In all, 9 of 56 patients in patients receiving BRT died, compared
with 10 of 56 in patients receiving CRT. Differences in OS were
not statistically significant, with 5-year actuarial rates of 79.5%
for BRT and 79.3% for CRT (log-rank P=0.797; Fig. 1A) and 3-
year survival for 2 arms were 92.9% and 92.8%, respectively.
Median survival was 66.8 months for BRT and was 67.3 months
for CRT patients.
Figure 1. Kaplan–Meier survival curves. (A) Kaplan–Meier curves estimates for
progression-free survival.
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For PFS outcomes, there were no significant differences
between the 2 groups neither (log-rank P=0.953; Fig. 1B).
Median survival was 60.9 months for BRT and was 61.9 months
for CRT patients. 3-year and 5-year PFS was 82.1%, 74.6% in
patients receiving BRT and 80.3% and 73.5% for patients
receiving CRT, respectively.
With regards to failure of treatment, 14 of 56 patients in

patients receiving BRT had failure of treatment, compared with
14 of 56 in patients receiving CRT. Among these patients, 11 had
recurrent disease, 12 had lung metastasis, 11 had bone
metastasis, and 11 had liver metastasis. (Table 2).
3.3. Prognostic factors

OS and PFS were modeled using regression analysis with
potential prognostic factors in both univariate and multivariate
model. We analyzed sex, age, ECOG performance, T stage, N
stage, tumor staging, treatment regimen, decreasing in white
blood cell (WBC) count, change in hemoglobin, aminotransfer-
ase,gamma-glutamyl transpeptidase,blood urine nitrogen,rash,
mucositis, and vomit as prognostic factors in all patients
regarding survival.
In univariate analysis, high ECOG scoring, advanced T stage,

advanced N stage, advanced tumor grade, decreasedWBC count,
decreased platelet, decreased hemoglobin, and severe weight loss
were independent prognostic factors predicting poorer OS
(Fig. 2). In subgroup analysis that studied 2 cohorts individually,
we found that though there was no significant difference of
survivals observed regarding the severity of acute rash and/or
mucositis, we could appreciate the tendency of separation of the 2
survival curves. In BRT arm, patients who showed grade 3 to 4
OS; (B) Kaplan–Meier curves estimates for PFS. OS=overall survival, PFS=
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Figure 2. Kaplan–Meier survival curves analyze prognostic factors in univariate model.

Wu et al. Medicine (2016) 95:39 Medicine
rash (Supplementary Figure S1, http://links.lww.com/MD/B297)
or grade 3 to 4 mucositis (Supplementary Figure S2, http://links.
lww.com/MD/B297), has a tendency showing better OS out-
comes. In multivariate model,according to previous study and the
univariate study, we chose sex,age, ECOG, tumor stage, regimen
(CRT vs BRT) and the severity of WBC, HB, mucositis, vomit,
and weight loss as candidates in this multivariate model. In result,
no significant difference were found between BRT arm and CRT
arm (P=0.137), whereas age higher than 20 years old, worse
ECOG performance, high tumor stage, high-grade toxicity on
WBC, mucositis, and high grade of weight loss predicted poorer
OS and PFS (Table 3). Toxicity Patients who received cisplatin-
based chemotherapy had a greater percentage of grade III and IV
toxicity of significant decreasing in WBC count (P=0.01),
significant decreased platelet (P=0.028), significant decreased
hemoglobin (P=0.0001), and more severe vomiting in patients
(P=0.0001) than those who received BRT, but more severe
4

acneiform skin reactions (P=0.0001) and severe mucositis (P=
0.0001) were shown in BRT arm (Table 4).

4. Discussion

In this study, we conducted a retrospective paired case study to
compare the effect of cetuximab single agent plus radiotherapy
versus cisplatin-based chemotherapy plus radiotherapy in
controlling OS, progression-free survival and the tolerance of
2 treatment regimens. The key characteristics of patients in 2
cohorts including tumor T and N classifications, stage, gender,
and age were balanced between the 2 treatment groups due to a
relatively small sample size and pairing the patients could
improve the statistical effect of these retrospective studies.
Our study demonstrated that the estimated OS and PFS rates

were proportionately similar and no statistical difference was
tested between the 2 CRT and BRT groups. Key prognostic
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Table 3

Prognosis factors significantly associated in the multivariate analysis.

OS PFS

P value HR 95% confidence interval P value HR 95% confidence interval

Sex (M vs F) 0.510 1.638 0.378–7.101 0.219 2.251 0.618–8.203
Age (<20 vs 20–60) 0.855 0.859 0.169–4.381 0.757 1.264 0.287–5.573
ECOG (0 vs 1) 0.002 0.123 0.033–0.457 0.001 0.160 0.056–0.459
Stage (II vs IV) 0.286 0.288 0.029–2.838 0.146 0.208 0.025–1.724
Stage (III vs IV) 0.008 0.172 0.047–0.631 0.002 0.209 0.077–0.571
Regimen (CRT vs BRT) 0.079 4.166 0.849–0.433 0.137 2.528 0.745–8.581
WBC (grade 0–1 vs grade 2–3) 0.002 0.136 0.038–0.487 0.000 0.158 0.061–0.408
HB (grade 0–1 vs grade 2–3) 0.017 0.187 0.048–0.739 0.242 0.506 0.162–1.585
Vomit (grade 0–1 vs grade 2) 0.967 1.029 0.267–3.967 0.881 1.087 0.365–3.242
Weight loss (grade 0–2 vs grade 3–4) 0.013 0.239 0.077–0.736 0.027 0.393 0.172–0.902

ECOG=Eastern Cooperative Oncology Group, HB=hemoglobin, HR=hazard ratio, OS= overall survival, PFS=progression free survival, WBC=white blood cell.
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factors predicting the poorer OS and PFS included older age,
reduced performance, advanced T stage, advanced N stage,
advanced tumor grade, decreasedWBC count, decreased platelet,
decreased hemoglobin, increasing of creatitine, and severe
weight loss.
Concurrent cisplatin-based radiotherapy has been regarded as

the standard treatment regimen for patients with NPC; however,
cisplatin increases both immediate treatment-related adverse
events and delayed toxicity, which hamper the quality of life in
long-term usage compared with cetuximab.[23] Cetuximab, an
emerging monoclonal antibody against EGFR, seemed helpful to
Table 4

Treatment associated toxicity.

Grade Cetuximab

WBC
0–1 46 8
2–3 10 1

PLT
0–1 55 9
2–3 1

HB
0–1 55 9
2–3 1

ALT
0–1 54 9
2–3 2

GGT
0–1 54 9
2–3 2

BUN
0–1 55 9
2–3 1

Rash
0–1 35 6
2–3 21 3

Mucositis
0–2 12 2
3–4 44 7

Vomit
0–1 51 9
2 5

Weight loss
0–2 36 6
3–4 20 3

ALT= aminotransferase, BUN=blood urea nitrogen, GGT=gamma-glutamyl transpeptidase, HB=hemo

5

provide patients an effect alternative with less toxic and improved
quality of life.[13,24] Whether cetuximab could replace cisplatin in
definitive chemoradiotherapy for HNSCC has not reached
consistency, because cetuximab had superior and well-tolerated
adverse event,[25] but the tumor control effect and survival benefit
showed inconsistent results.
Adverse effect is an important parameter taken into consid-

eration when comparing treatment regimens. In our study, we
found that regimens comprised of cisplatin plus radiation caused
more severe adverse events compared with cetuximab plus
radiation, including decreased WBC count, platelet, and
% Cisplatin % P value

0.01
2.1 30 53.6
7.9 26 46.4

0.028
8.2 49 87.5
1.8 7 12.5

0.0001
8.2 42 75
1.8 14 25

0.154
6.4 56 100
3.6 0 0

0.401
6.4 52 92.9
3.6 4 7.1

0.368
8.2 56 100
1.8 0 0

0.0001
2.5 54 96.4
7.5 2 3.6

0.0001
1.4 31 55.4
8.6 25 44.6

0.0001
1.1 28 50
8.9 28 50

0.418
4.3 40 71.4
5.7 16 28.6

globin, PLT=platelet, WBC=white blood cell.

http://www.md-journal.com
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hemoglobin and severe vomiting. Concurrent cisplatin plus
radiation is the standard treatment regimen with increased loco-
regional control and prolonged survival outcomes[26,27] com-
pared with chemotherapy or radiotherapy alone. However,
CCRT, especially combined with high dose of radiotherapy, has
been demonstrated to associate with significant toxicity and some
mortal acute adverse events, and the intolerability has restricted
the regimen use (discontinuation or reduction in dose) to some
degree.[28] As comparison, cetuximab plus radiation displayed
well tolerance among patients, though some adverse events could
attribute to cetuximab, such as grade 3 to 4 acne-like rashes and
severe mucositis, the severity showed mild to moderate without
life-threatening event or impairment to the continuation of drug
delivery.[29]

Recent studies on CRT versus BRT in patients with HNSCC
showed controversial outcomes. It has been demonstrated by
Vermorken et al[30] that significantly prolonged median OS has
been seen in cetuximab plus concurrent cisplatin-based chemo-
therapy compared to chemotherapy alone. Two landmark
studies, Erbitux trial and EXTREME trial, showed impressively
improved survival outcomes and loco-regional control rates
when comparing cetuximab plus radiation versus radiation
alone[10] and comparing survival benefit of adding cetuximab to
standard chemotherapy,[9] respectively. However, a following
randomized phase III trial RTOG 0522 comparing concurrent
cisplatin-based chemotherapy plus radiotherapy by Kian Ang
et al[31] showed disappointing outcome with regard to both
survival outcomes and recurrent rates. A recent randomized
phase II study by Xu et al[35] showed that Concurrent cetuximab-
based radiotherapy was not more efficacious than cisplatin but
caused more likely to cause acute adverse events in LA NPC,
which need further investigation to find out the toxicity profiles
and time of occurrence of 2 different regimens.
In NPC, however, the combination of cetuximab with

radiotherapy was worth trying in larger prospective clinical
trials, as the difference in biologic behaviors and the responsive
sensitivity ofNPC to cisplatin-based regimens were not thatmuch
of HNSCC, which is why NPC is considered separately.[32]

Previous studies had largely focused on the effect of combination
of cetuximab with CCRT and the relevant adverse events. Ma
et al[21] reported in a single arm retrospective study that the
treatment safety was achieved when combining cetuximab with
concurrent cisplatin and IMRT in locally advanced NPC;
however, the incidence of moderate-to-severe acute skin and
mucositis was proved to be much higher compared with
concurrent cisplatin and radiotherapy. A similar result by Xu
et al,[17] were shown in recurrent/metastatic NPC that combina-
tion of cetuximab to CCRT could be an alternative to whom the
cisplatin plus radiation failed in. Thus, concurrent cisplatin
combined with cetuximab plus radiation could potentially reach
a good treatment outcome, the toxicity is left as a problem.
Giro et al[33] reported from community practice suggested an

incidence of grade 3 to 4 skin toxicity encountered in up to 50%
of patients in a questionnaire study carried out among the
European Organization for Research and Treatment of Cancer
Radiation Oncology Group and Head and Neck Group, and also
exacerbation of acute radiation related skin and mucosal damage
by the concomitant usage of cetuximab, cisplatin plus RT has
been previously reported in several studies.[22,34] Therefore, to
balance the effect and treatment-related adverse event and to get
better quality of life and avoid these aggressive treatment
regimens, concurrent cetuximab plus radiation versus cisplatin
plus radiation has been compared in our study.
6

In our study, we looked at the effects of 2 regimens specifically
on NPC and we found no statistical difference on OS and PFS.
However, 2 regimens caused different aspects of adverse events,
with CRT having more impact on digestive system and
hematologic system. Thus our study showed that, BRT could
be an alternative in patients who cannot tolerate the classic
chemoradiotherapy regimen with equivalent therapeutic effect.
As this is a retrospective study with a relative small sample size,
larger prospective randomized clinical trials are warranted for
further investigation.

5. Conclusion

In this retrospective case–control study, we evaluated the
treatment efficacies and toxicities of induction chemotherapy
followed by BRT or CRT in locally advanced nasopharyngeal
carcinoma. We found that BRT was not inferior to traditional
CRT. Two regimens lead to different aspects of toxicities-CRT
arm had a greater percentage of grades III and IV toxicity of
significant decrease in WBC, platelet, hemoglobin, and more
severe vomiting, while more severe acneiform skin reactions and
mucositis were shown in BRT arm. Thus, we carefully draw the
conclusion that if patients cannot stand more severe toxicities
caused by CRT, BRT could be an ideal alternative.
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