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1 | INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a common malignancy
in South China.' Radiotherapy is now the primary manage-
ment for NPC of all stages. For patients with locally advanced
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Abstract

Concurrent chemotherapy (CCT) is used in locally advanced nasopharyngeal carci-
noma (NPC) for improved local control, which could also be achieved by intensity-
modulated radiotherapy (IMRT). And for N2-3 NPC, distant metastasis is the more
important cause of death. This study aims to evaluate the value of CCT in N2-3 NPC
when neoadjuvant chemotherapy (NACT) of sufficient cycles is performed to eradicate
distant metastasis. It enrolled 959 patients diagnosed with TxN2-3MO0O NPC from July
2011 to December 2015 and treated with NACT of 3-4 cycles and IMRT. A propensity
score matching (PSM) was made between patients treated with and without CCT (called
the CCT and non-CCT groups, respectively), using a series of clinical characteristics
(age, gender, T stage, N stage, NACT regimen, and EBV DNA) as covariates. After
PSM, the two groups of patients were compared on survivals and acute toxicities. The
results indicated that no difference was seen in the overall, disease-free, recurrence-free
or metastasis-free survivals between the two groups. But compared with the CCT
group, the non-CCT group had a lower patient proportion of myelosuppression, nausea/
vomiting, oral mucositis, cervical dermatitis, xerostomia, and grade 3/4 myelosuppres-
sion and oral mucositis (all P values were <0.001). Hence, CCT appeared to bring more
acute toxicities, instead of survival benefit, to N2-3 NPC patients treated with NACT of
>3 cycles and IMRT. It should be used with cautions in these patients.
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(stage III-IVB) disease, concurrent chemotherapy (CCT)
is recommended to enhance radiosensitivity and local con-
trol.? Since distant metastasis (DM) gradually becomes the
major cause of treatment failure,’ neoadjuvant chemotherapy
(NACT) followed by CCT has recently been tried as a new
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chemotherapy sequence in these patients. However, the re-
sults appeared to be inconsistent.*®

Approaches have also been made to screen out patients
really at high risk of DM and in need of NACT. N stage
emerged as one of the most important factors for predict-
ing DM, in a series of prognostic studies.”!' Namely, NPC
of late N (N2-3) stages might be an indication for NACT.
Furthermore, studies by Peng et al and us found that NACT
of >3 cycles might be more effective in eradicating DM and
improving overall survival (OS) for N2-3 NPC.'>13

In spite of improved local control, CCT could simulta-
neously increase incidence of severe acute and late toxici-
ties."*!> Actually, intensity-modulated radiotherapy (IMRT)
was reported to bring a satisfactory local control, even with-
out CCT in some studies.'>'® Hence, we hypothesized that
CCT might not be necessary for N2-3 NPC in the era of
IMRT, especially under NACT of sufficient cycles.

Here we conducted a prospective observational study to
evaluate the impact of CCT on local recurrence (LR), DM,
OS and acute toxicities, in a cohort consisting of 959 patients
diagnosed with N2-3 NPC and treated with NACT of >3 cy-
cles followed by IMRT.

2 | MATERIALS AND METHODS

2.1 |

Patients with pathologically diagnosed NPC from July 1,
2011 to December 31, 2015 in our hospital were initially con-
sidered. A patient would be enrolled and prospectively ob-
served if he or she had: (a) age <70 years old; (b) TxN2-3MO
diseases; (c) NACT of >3 cycles; (d) irradiation with IMRT.
The exclusion criteria included: (a) Karnofsky performance
score <70; (b) severe heart, lung, liver or kidney dysfunc-
tions unsuitable for radiotherapy; (c) previously treated NPC;
(d) prior history of other malignancies, chemotherapy or radi-
otherapy; (e) DM before or during radiotherapy; (f) applica-
tion of adjuvant chemotherapy or monoclonal antibody. This
study was approved by the Institutional Review Board of our
hospital. Written informed consents were obtained from all
individual participants before treatment.

Patient selection

2.2 | Diagnostic work-up

Before treatment, each patient received electronic nasopharyn-
goscope, magnetic resonance imaging (MRI) of head and neck,
thoraco-abdominal computed tomography (CT), whole-body
bone scan (or positron emission tomography). Serum level
of Epstein-barr virus (EBV) DNA was performed before and
after NACT. A patient's stage was determined based on the
Union for International Cancer Control/American Joint Cancer
Committee TNM classification. For convenience of analysis,
all the patients were restaged according to the 8th edition.

23 |

All the enrolled patients were treated with NACT of 3-4
cycles, followed by IMRT-based radiotherapy plus CCT or
not. NACT was performed once per 3 weeks, with one of the
following regimens: (a) docetaxel + cisplatin + fluorouracil
(TPF); (b) cisplatin + fluorouracil (PF). CCT was adminis-
tered with single-agent cisplatin regimen, weekly or every
3 weeks throughout the whole procedure of radiotherapy.
According to clinical practice guidelines of our hospital,
CCT would be omitted if a patient had one of the three sit-
uations: (a) size of all his or her positive lymph nodes re-
duced to <1 cm after NACT; (b) grade 3/4 myelosuppression
(MS) happened twice during NACT; (c) he or she refused
to receive CCT. The radiotherapy technique was IMRT,
whose target delineation and dose prescription were based
on the International Commission on Radiation Units and
Measurements Report 83. The treatment-related acute tox-
icities were graded according to the Common Terminology
Criteria for Adverse Events version 4.0.

Treatment strategy

24 | Follow-up

Patients were followed up after treatment through outpa-
tient interview, every 3-6 months in the first 3 years. The
main contents of outpatient interview included complete
physical examination, thoraco-abdominal CT, head and neck
MRI, serum EBV DNA assessment, and annual whole-body
bone scan (or positron emission tomography). Follow-up
was performed through outpatient interview or telephone
every 6-12 months in the 4th and the 5th years, and every
12 months thereafter until death from NPC or June 30, 2018,
whichever came first. Causes of deaths were confirmed by
death certificates.

The primary endpoint of this study was OS, which was
defined as the proportion of the patients who survived after
a defined time period from pathologic diagnosis. The sec-
ondary endpoints included recurrence-free survival (RFS),
metastasis-free survival (MFS), and disease-free survival
(DES). These three endpoints were defined as the propor-
tion of the patients who had no corresponding events after
a certain time period from diagnosis. The events for RFS
and MFS were local recurrence (LR) and DM, respectively.
And the events for DFS included death, LR and DM. And
we also used patient proportion of the common toxicties
as secondary endpoints, including MS, nausea/vomiting
(NV), oral mucositis (OM), cervical dermatitis (CD), xe-
rostomia (XS).

25 |

Propensity score matching (PSM) were performed to balance
baseline clinical characteristics between the patients treated

Statistical analysis
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with and without CCT (called the CCT and the non-CCT
groups, respectively). It was based on a logistic regression and
used a matching ratio of 1:3. The covariates included age, gen-
der (male vs female), T stage (T3-4 vs T1-2), N stage (N3 vs
N2), NACT regimen (PF vs TPF), and EBV DNA (detectable
vs undetectable) between NACT and radiotherapy. The median
value of age was used as its cutoff value. Patients’ baseline
characteristics were compared through a Chi-square test, both
before and after PSM to confirm the balancing effects of PSM.

A Kaplan-Meier approach was performed to calculate the
survivals of the post-PSM cohort. The cases without death,
LR or DM until June 30, 2018, and those lost to follow-up
were regarded censored. Survival difference between the
non-CCT and the CCT groups was assessed by a log-rank
test. And CCT was also analyzed for its correlation with
the covariates in PSM procedure, by using the Spearman's
method. Finally, toxicities in these two groups were com-
pared, also through a Chi-square test.

. 2825
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The whole procedure of statistical analysis was done by
IBM SPSS Statistics 23.0 (IBM Co., Armonk, NY). A dif-
ference with a two-sided P value <0.05 was considered to be
statistically significant.

3 | RESULTS

3.1 | Patient enrollment

Between July 2011 and December 2015, a total of 3136 pa-
tients were diagnosed with N2-3 NPC and irradiated with
IMRT in our hospital. Of those, 2129 patients were managed
with NACT before radiotherapy. And among these patients,
959 cases received NACT of >3 cycles and eligible for anal-
ysis, including 219 patients receiving NACT of 4 cycles. No
patient received NACT of >4 cycles. According to record of
CCT, 154 and 805 cases were divided into the non-CCT and
the CCT groups, respectively. After PSM, the case numbers

TxN2-3M0 NPC patients

trcated with IMRT
2011/07/01 to 2015/12/31
Propensity score matching (N =3136)
[—————————— 1
| Paticnt factors 1 d
: Age, Gender :
____________ Cases treated with NACT
[~ m e ———— 1 (N =2129)
Tumor factors 1
T stage, N stage, EBV DNA : {

Treatment factors
NACT regimen

Cases treated with NACT
of > 3 cycles

(N = 959)

A

Patients treated without CCT Patients treated with CCT
(N =154) (N =805)
——————————— rPF-——————————————————»
v A\ 4
Matched patients without CCT Matched patients with CCT
(N =154) (N=462)
| |
|
v v

Univariate survival analysis

v

Treatment cffects of CCT

FIGURE 1

Comparison on toxicities

v

Adverse effects of CCT

Procedure of enrollment and analysis. NPC, nasopharyngeal carcinoma; IMRT, intensity-modulated radiotherapy; NACT,

neoadjuvant chemotherapy; CCT, concurrent chemotherapy; EBV, Epstein-barr virus
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of these two groups were 154 and 462, respectively. The pro-
cedure of this study was summarized as Figure 1.

In the CCT group, a total of 649 and 156 patients were
treated with cisplatin of every-3-week and every-week reg-
imens, before PSM. After PSM, the case numbers were 373
and 89, respectively. The actual cycle numbers that the pa-
tients received were summarized in Figure 2.

3.2 | Clinical profile

The baseline clinical profiles before and after PSM were
shown in Table 1. Before PSM, the age of the patients ranged
from 10 to 73 (median, 44) years old. Thus, the cutoff value
of age was 44 (>45 vs <44) years old. Compared with the
CCT group, the non-CCT group had more cases with age
>45 years old (56.5% vs 43.6%, P =0.003), less cases
with detectable EBV DNA after NACT (70.8% vs 84.2%,
P < 0.001) and more cases receiving PF regimen (53.2% vs
30.1%, P < 0.001). Yet, PSM balanced all the baseline char-
acteristics between these two groups.

3.3 | Patients’ survival

After a median follow-up time of 41.8 (range, 6.2-75.7)
months, 12 out of the 616 patients (1.9%) in the post-PSM
cohort were lost to follow up. Until June 2018, there were
totally 107 deaths (17.3%), 64 LRs (10.4%) and 123 DMs
(20.0%). Among the 100 cancer-related deaths, 91 cases
(91.0%) harbored DM, and 34 cases (34.0%) harbored LR.

The survival curves of the non-CCT and the CCT groups
were summarized as Figure 3. The 5-year estimated OS,

FIGURE 2 Numbers of patients

receiving different cycles of cisplatin

Cycle number chemotherapy. A, Before propensity score

- 1 matching (PSM), every-3-week regimen.
2 B, After PSM, every-3-week regimen. C,
= 3

Before PSM, every-week regimen. D, After
PSM, every-week regimen

Cycle number
3

B0B0

DFS, RFS and MFS of the non-CCT group were 73.4%,
65.9%, 86.0% and 73.8%, respectively. And the figures of the
CCT-group were 77.7%, 71.1%, 87.4% and 78.9%, respec-
tively. There was no survival difference between these two
groups. The P values were 0.083, 0.121, 0.225 and 0.248,
respectively.

In addition, correlation analyses (Figure 4) showed that
CCT had no correlation with other clinical factors, including
age, sex, T stage, N stage, NACT regimen and EBV DNA
(P values were 0.435, 0.915, 0.077, 0.962, 0.979 and 0.077,
respectively). In other words, administration of CCT was not
influenced by any one of these factors.

34 |

In the post-PSM cohort, there were totally 195 (31.7%), 103
(16.7%), 253 (41.1%), 249 (40.4%) and 210 (34.1%) cases
suffering from MS, NV, OM, CD and XS, respectively. The
case numbers of grade 3/4 MS, NV, OM, CD and XS were
64 (10.4%), 5 (0.8%), 81 (13.1%), 11 (1.8%) and 2 (0.3%),
respectively.

Comparison on acute toxicities referred to Figure 5.
Compared with the CCT group, there were obviously less
cases exhibiting MS (12.3% vs 38.1%), NV (3.2% vs 21.2%),
OM (16.9% vs 49.2%), CD (16.9% vs 48.3%) and XS (13.6%
vs 40.9%) in the non-CCT group (all P values were < 0.001).
When comparing grade 3/4 toxicities, the non-CCT group
also had lower patient proportions of grade 3/4 MS (2.6% vs
13.0%, P < 0.001) and OM (1.3% vs 17.1%, P < 0.001) than
the CCT group. Difference of other grade 3/4 toxicities was
not observed between these two groups.

Acute toxicities
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TABLE 1 Baseline clinical profiles of the patients

N2-3 NPC patients treated with IMRT and NACT of >3 cycles
Before PSM After PSM
CCT CCT
Characteristics No (N = 154) Yes (N = 805) P value No (N = 154) Yes (N = 462) P value
Agely old
>45 87 (56.5%) 351 (43.6%) 0.003%** 87 (56.5%) 246 (53.2%) 0.484
<44 67 (43.5%) 454 (56.4%) 67 (43.5%) 216 (46.8%)
Gender
Male 115 (74.7%) 640 (79.5%) 0.180 115 (74.7%) 343 (74.2%) 0915
Female 39 (25.3%) 165 (20.5%) 39 (25.3%) 119 (25.8%)
T stage
T3-4 108 (70.1%) 617 (76.6%) 0.085 108 (70.1%) 359 (77.7%) 0.057
T1-2 46 (29.9%) 188 (23.4%) 46 (29.9%) 103 (22.3%)
N stage
N3 57 (37.0%) 359 (44.6%) 0.082 57 (37.0%) 170 (36.8%) 0.962
N2 97 (63.0%) 446 (55.4%) 97 (63.0%) 292 (63.2%)
EBV DNA
Detectable 109 (70.8%) 678 (84.2%) <0.001%* 109 (70.8%) 357 (77.3%) 0.104
Undetectable 45 (29.2%) 127 (15.8%) 45 (29.2%) 105 (22.7%)
NACT regimen
PF 82 (53.2%) 242 (30.1%) <0.001%#%* 82 (53.2%) 208 (45.0%) 0.077
TPF 72 (46.8%) 563 (69.9%) 72 (46.8%) 254 (55.0%)

Abbreviations: CCT, concurrent chemotherapy; EBV, Epstein-barr virus; IMRT, intensity-modulated radiotherapy; NACT, neoadjuvant chemotherapy; NPC,
nasopharyngeal carcinoma; PF, cisplatin + fluorouracil; PSM, propensity score matching; TPF, docetaxel + cisplatin + fluorouracil.

*P < 0.05, ¥*P < 0.01.

4 | DISCUSSION

In literature, our study is the first study focusing on therapeu-
tic and adverse effects of CCT in N2-3 NPC patients who re-
ceived NACT of >3 cycles. In this study, we found that CCT
did not provide benefit of 5-year estimated OS, DFS, RFS or
MES to these patients. Instead, CCT had a potential risk to
increase incidence of acute toxicities, particularly severe MS
and OM. The results were based on a large cohort of patients
treated uniformly with IMRT, the modern stream of RT tech-
nique. And PSM, an effective method in controlling selection
bias,!” was applied to balance baseline characteristics of the
CCT and the non-CCT groups before comparison, including
the known prognosticators of NPC. These strengths made our
results reliable.

After a median follow-up time of over 3 years, we
showed a DM and LR rate of 20.0% and 10.4%, respectively.
Moreover, 91.0% of the NPC-related deaths had DM. By con-
trast, only 34.0% of them underwent LR It was in accordance
with previous studies that DM, rather than LR, is the pri-
mary obstacle to treatment success in N2-3 NPC patients.g’13

As we know, DM is mainly eradicated by chemotherapy.
Therefore, it could naturally be speculated that prognosis of
N2-3 NPC is associated with dose intensity of chemother-
apy. Actually, intensified chemotherapy has been reported in
many studies to decrease DM and improve survival of locally
advanced NPC. Wei et al first found in 214 patients with
stage [I-IVA NPC that a cumulative cisplatin of >200 mg/
m? was related to an improved DFS and MFS."® In a subse-
quent study by Guo et al, a cumulative cisplatin of >100 mg/
m’ emerged to improve OS and MFS of NPC patients with
stage II-IVB disease. 1 Favorable impact of sufficient cispla-
tin dose (>240 mg/mz) on patients’ DFS was also seen in a
study by Peng et al?® However, some studies indicated that
cisplatin dose >240 mg/m? failed to further improve patient
survival. These studies established the optimal dose interval
as 160-240 111g/rn2.21’22 In our hospital, the cisplatin dose
of NACT was 60 mg/m2 and 80 mg/m2 in the TPF and the
PF regimens, respectively.4’13 So the cumulative cisplatin
dose for the patients of our study could reach >180-240 mg/
m?, which was showed to be effective in controlling DM.
Additional dose of cisplatin might be unnecessary, as what
was seen in the survival analysis. There was merely a MFS
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FIGURE 3

Metastasis-free survival. CCT, concurrent chemotherapy

difference of 5.1% (P = 0.248) and an OS difference of 4.3%
(P =0.083), between the CCT and the non-CCT groups.

It was also noteworthy that the RFS difference between
these two groups was only 1.4% (P = 0.225). As we men-
tioned above, IMRT could lead to ideal local control. Large-
scale retrospective studies showed that advent of IMRT made

Survival curves of the matched patients. A, Overall survival; B, Disease-free survival; C, Recurrence-free survival; D,

the 10-year LR rate of NPC decrease to only 3.5%-5.0%.7**
It is superior to conventional 2-dimensional radiotherapy in
precise dose delivery, which simultaneously realizes maximal
tumor killing and protection of adjacent normal tissue. On the
other hand, combination of radiotherapy and CCT resulted
in more severe toxicities, even in the era of IMRT. Some
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FIGURE 5 Patient proportions of
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toxicities, such as OM and bilateral hearing loss, strongly af-
fect patients’ compliance during radiotherapy and their long-
term life quality.14’15’25 Because NACT seemed to be well
tolerated by NPC patients,6’26 some oncological physicians
tried to omit CCT, especially when NACT was administered.
Zhang et al reviewed 440 patients with stage II and T3MONO
NPC and discovered that IMRT alone was not inferior to
IMRT plus CCT in either local or distant control. But addition
of CT brought 5% more grade 3/4 MS and NV, and 10% more
oM. Nevertheless, omission of CCT was uncertain in NPC
of more advanced (III-IVB) stages. In a study by Sun et al,
CCT was not a predictor for local control, MFS, DFS and OS
in these patients. Similarly, it made incidence of all grade 3/4
toxicities rise from 21.5% to 44.9%.%” Oppositely, a meta-anal-
ysis involving 15 studies, 1142 patients indicated that combi-
nation of CCT and IMRT was still responsible for a higher
complete response rate and a longer OS, as well as a higher
risk of grade 3/4 MS and OM.?® Comparison between NACT
and CCT was first made by Yao et al in 214 patients with
T3-4N0O-1MO NPC. Though equal therapeutic effects were
observed, NACT plus IMRT decreased 10%-15% of grade 3/4
adverse reactions, including MS, OM, XS and hearing loss.”
A study by OuYang et al achieved analogous results in NPC
patients with stage II-IVB disease.” Lin et al and Liu et al
further analyzed patients diagnosed with stage II-IVB NPC
and treated with NACT. The results of the 2 studies both indi-
cated that after NACT, CCT significantly elevated incidence
of severe toxicities (29.8%-50%), rather than improving tumor
control. Particularly grade 3/4 MS and OM, the incidence
raised to 5.7 and 19.0 folds, respectively.***! And considering
the treatment and adverse effects of CCT in our study, it might
be rational to omit CCT in N2-3 NPC treated with sufficient
intensity of NACT.

Indeed, there were three main limitations of this study.
First, it was a single-institutional study. Second, it was an ob-
servational study without random allocation of patients into
the CCT and the non-CCT groups. Third, it did not report
late toxicities because it had mainly been designed to assess
impact of CCT omission on treatment effects and tolerance.
So we recommended the results be generalized after external
validation or randomized controlled trials. And more detailed
safety analysis might also be needed.

In conclusion, CCT failed to bring survival benefit in
N2-3 NPC treated with NACT of >3 cycles followed by
IMRT. On the contrary, it was responsible for more severe
acute toxicities. Therefore, it should be used with cautions in
these patients.
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