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ABSTRACT
◥

Purpose: Previous studies suggest that a cumulative cisplatin dose
of 200 mg/m2 might be adequate in the intensity-modulated radi-
ation therapy (IMRT) era for locoregionally advanced nasopharyn-
geal carcinoma (LANPC). However, two cycles of once-every-3-
weeks cisplatin at 100mg/m2 has never been prospectively compared
with standard once-a-week cisplatin regimen.

Patients and Methods: This trial was conducted at three hospi-
tals from 2011 to 2016. Patients who met the eligibility criteria
were recruited (ChiCTR-TRC-12001979) and randomly assigned
(1:1) via a computer-generated sequence to receive once-every-
3-weeks cisplatin at 100 mg/m2 for two cycles or once-a-week
cisplatin at 40 mg/m2 for six cycles concurrently with IMRT.
Primary endpoint was failure-free survival and between-group
absolute difference of 10% as the noninferiority margin.

Results: A total of 510 patients were enrolled. Median follow-
up time was 58.3 months with 85.4% of 3-year failure-free

survival in the once-every-3-weeks group and 85.6% in the
once-a-week group. An absolute difference of �0.2% (95%
confidence interval, �6.3 to 5.9; Pnoninferiority ¼ 0.0016). Acute
toxicities of grade 3 or higher occurred in 55.8% in the once-
every-3-weeks group and 66.3% in the once-a-week group (P ¼
0.015). The most common acute toxicities were hematologic
abnormalities, including leukopenia (16% vs. 27%; P ¼ 0.0022)
and thrombocytopenia (1% vs. 5%; P ¼ 0.015). The late grade
3–4 auditory loss rate was significantly lower in the once-every-
3-weeks group than the once-a-week group (6% vs. 13%;
P ¼ 0.0039).

Conclusions: Once-every-3-weeks cisplatin as concurrent che-
moradiotherapy is noninferior to once-a-week cisplatin in the
treatment efficacy in the LANPC. Although both regimens are well
tolerated, severe acute toxicities and late-onset auditory loss are
higher in the once-a-week group.

Introduction
Nasopharyngeal carcinoma (NPC) is the most common type of

malignancy originating in the nasopharynx. NPC is prevalent in
southern China and southeastern Asia, resulting in about 130,000
new cases worldwide each year. Radiotherapy is the cornerstone of
initial treatment for nondisseminated NPC due to its deep-seated
location and radiosensitivity. The landmark Intergroup 0099 (INT-
0099) trial and several meta-analyses showed that the addition of three
cycles of cisplatin-based concurrent chemotherapy (CCRT) with

or without adjuvant chemotherapy to radiotherapy significantly
improved survival inpatientswith locoregionally advancedNPC(1–4).
According to the National Comprehensive Cancer Network (NCCN)
guidelines, cisplatin remains the most commonly used and effective
platinum agent in the chemotherapy of NPC since 1980s (3, 5).

Questions remain, however, about the optimal schedule and dosing
of concurrent cisplatin (4, 5). On the basis of the duration of IMRT that
is conducted within 6–7 weeks, concurrent once-a-week cisplatin for
6–7 cycles or once-every-3-weeks cisplatin for three cycles are widely
used and accepted in practice. There were studies suggested that a
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lower dose cisplatin given on a weekly basis may offer a promising
efficacy and lower toxicity (6). Later, Chan and colleagues conducted a
randomized phase III clinical trial and confirmed that weekly cisplatin
40 mg/m2 concurrently with radiotherapy conferred a survival advan-
tage compared with radiation alone (7, 8). However, in their study, the
tolerance of the weekly cisplatin regimen was still unsatisfactory
because of toxicities, with only 60% patients completing five or more
cycles. At the same time, three cycles cisplatin at 100 mg/m2 once-
every-3-weekswas initially recommended on the basis of the INT-0099
study, but there was observed unsatisfactory compliance due to
significant acute toxicities resulting in dose-limiting delivery (1).
Recently, Lee and colleagues (9) conducted the combined analysis of
theNPC-9901 and theNPC-9902 trials, and the results showed that no
significant survival difference was observed between patients who
received two or three cycles of once-every-3-weeks cisplatin at
100 mg/m2. Emerging studies did imply that two cycles of once-
every-3-weeks cisplatin at 100 mg/m2 is reasonable for CCRT (10).
Also, with the decreasing one cycle of cisplatin, the toxicities might be
decreased consequently. Yet there were few trials to head-to-head
directly compare two cycles of once-every-3-weeks cisplatin with six
cycles of once-a-week cisplatin for the concurrent treatment of locor-
egionally advanced NPC (LANPC; refs. 1, 7, 11–17).

Therefore, the hypothesis of this study was that two cycles of once-
every-3-weeks cisplatin at 100 mg/m2 would be noninferior to once-a-
week cisplatin at 40mg/m2 in the efficacy among patients with LANPC
and deceased toxicity.

Patients and Methods
Study design and participants

This is a randomized, open-label, noninferiority phase III trial at
three institutions in an endemic area of NPC in southern China. The
trial protocol is available in Supplementary Data S1. Eligible partici-
pants were randomly assigned (1:1) to receive either six cycles of once-
a-week (once-a-week group) or two cycles once-every-3-weeks cis-
platin (once-every-3-weeks group) using block randomization with a
block size of six (only known to the statistician). Randomization was
performed centrally via a computer-generated randomization
sequence and was stratified according to hospital and disease stage
(T1–4N2, T1–4N3, T3N0–1, and T4N0–1). Details of the randomized
allocations were contained in sequentially numbered, opaque, sealed

envelopes prepared by the statistician. Treatment allocation was
unmasked. After participants signed informed consent, investigators
of each center opened the envelopes and assigned participants to the
corresponding interventions. The study was approved by Institutional
Review Board of each site and was done in accordance with the
Declaration of Helsinki and Good Clinical Practice guidelines as
defined by the International Conference on Harmonization.

Eligible participants were ages 18–65 years with nonmetastatic,
histologically proven non-keratinizing stage III or IVa–b NPC
[according to the American Joint Committee on Cancer (AJCC) 7th
edition stage system]. All participants had Karnofsky scores of at least
70 and adequate bone marrow, liver, and renal function.

The main exclusion criteria included previous chemotherapy, radio-
therapy, or definitive surgery of the primary tumor or lymph node;
previous invasivemalignancies except excised basal-cell skin carcinoma,
cervical carcinoma in situ, superficial bladder tumors (Ta, Tis, and T1);
who were pregnant or lactating, and who had any mental disorder or
somatic comorbidities of clinical concern. Details of pretreatment
evaluation are shown in the eMethods in Supplementary Data S2.

Procedures
Patients assigned to the once-a-week cisplatin group received intra-

venous cisplatin 40 mg/m2 for 2 hours every week concurrently with
IMRT for a maximum of six cycles. Patients assigned to the once-every-
3-weeks cisplatin group received intravenous cisplatin 100 mg/m2 for
2 hours every 3 weeks for two cycles concurrently with IMRT.

In the once-every-3-weeks group, patients were given 4 days of
hydration (on days 0–3) and diuretics (mannitol 50 g intravenously
over 30minutes and furosemide 20mg intravenously over 10minutes)
on the day of cisplatin administration to prevent nephrotoxicity. No
hydration and diuresis were administered in the once-a-week group.
Antiemetic drugs, such as 5-hydroxytryptamine-3 receptor antago-
nists (ondansetron 8 mg or granisetron 3 mg, intravenously) and
dexamethasone (10 mg intramuscularly) plus metoclopramide (20 mg
intramuscularly), were given to prevent chemotherapy-induced nau-
sea and vomiting. Prophylactic G-CSF were not allowed. Chemother-
apy dose modifications and radiotherapy treatment are described in
the eMethods in Supplementary Data S2.

Three months after radiotherapy, treatment responses were
assessed with physical examination, head and neck MRI or CT, and
flexible nasopharyngoscopy, according to the RECIST (version 1.1;
ref. 18). Details of follow-up are shown in the eMethods in Supple-
mentary Data S2.

Efficacy and safety analyses
The primary endpoint was failure-free survival (FFS), which was

defined as the time from randomization to documented local or
regional relapse, distant metastasis, or death from any cause, which-
ever came first. Secondary endpoints included overall survival (OS),
distant metastasis-free survival (DMFS), locoregional FFS (LRFS),
response rates after treatment, and toxic effects. The detailed descrip-
tion of endpoint definition is shown in the eMethods in Supplementary
Data S2. Toxicities were scored according to Common Terminology
Criteria for Adverse Events (version 4.03). Late-onset radiation toxi-
cities were assessed using the Radiation Therapy Oncology Group and
European Organization for Research and Treatment of Cancer late
radiation morbidity scoring scheme (19).

Statistical analysis
In this study, we assumed that once-a-week cisplatin concurrent

with IMRT was the standard arm because of perceived lower toxicity

Translational Relevance

Cisplatin-based concomitant chemoradiotherapy is the stan-
dard treatment modality for patients with locoregionally advanced
nasopharyngeal carcinoma (NPC), though current schedule and
dose of cisplatin are not optimal. Mounting retrospective evidence
indicates that a cumulative dose of cisplatin with 200 mg/m2 could
obtain acceptable survival benefit. However, there is no prospective
study to provide high-level evidence and clarify the efficacy of this
therapeutic strategy so far. Our study is the first phase III clinical
trial to head-to-head assess the efficacy and acute and late toxicity
profiles of once-every-3-weeks versus once-a-week cisplatin regi-
mens in patients with locoregionally advanced NPC. Our findings
suggest that two cycles of cisplatin at 100 mg/m2 once-every-3-
weeks concurrently with intensity-modulated radiotherapy is the
promising chemoradiotherapy regimen for locoregionally
advanced NPC, with less acute and late-onset toxicities.
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and convenience (7, 20). On the basis of the literatures, we hypoth-
esized that FFS was 80% at 3 years for LANPC receiving standard
concurrent chemoradiation with IMRT (21–24). Because previous
evidence showed that cisplatin-based concurrent chemoradiotherapy
results in a benefit in FFS of approximately 19%–45% at 3 years
compared with radiotherapy alone (1, 25), the 10% FFS rate difference
at 3 years was considered acceptable as the noninferiority margin in
this trial. Clinical noninferiority was defined as not more than the
allowable 10%difference in survival rates between once-every-3-weeks
and once-a-week treatment groups (1, 25). If the 95% confidence
interval (CI) lower boundary of the difference between the FFS of the
two groups (once-every-3-weeks groupminus once-a-week group) did
not cross �10% then this trial would be positive in proving noninfer-
iority. With an 80% power and a one-sided type I error 0.025, we
calculated an enrollment of 246 patients per arm (total 492), assuming
5% early dropout rates or lost to follow-up.

The primary efficacy analysis was done in the intention-to-treat
population, and the per-protocol population (see the Supplementary
Appendix), which included all patients who received two cycles of
concurrent cisplatin in the once-every-3-weeks group and at least five
cycles of concurrent cisplatin in the once-a-week group. Only patients
who received at least one cycle of concurrent cisplatin and radiother-
apy treatment were included in the safety analysis of adverse events.
We further performed an interaction analysis to explore whether the
effect of the experimental treatment varied in the subgroups defined
according to sex, age, tumor category, node category, and tumor–
node–metastasis (TNM) stage (see the Supplementary Appendix). The
interaction analysis was conducted by means of a test of treatment-
by-covariate interaction on the basis of the Cox proportional hazards
model. The results were compared by Student t tests or x2 tests. Time-
to-event data were described withKaplan–Meier curves and compared
with the log-rank test. The statistical test for the primary endpoint was
one sided, and P < 0.025 was considered significant; all other statistical
tests were two sided, and P values of less than 0.05 were deemed to
be significant. Analyses were done with SPSS 22.0 and R, version 3.3.1
(R Foundation for Statistical Computing).

Data sharing statement
Considering patients’ privacy and related regulations in China, we

chose not to make the database public to everyone. However, our raw
database will be deposited on the Research Data Deposit public
platform (www.researchdata.org.cn, RDDA2021001943). If a
researcher wants to use our raw data for scientific research purposes,
he or she could apply for use with our corresponding author and
database administrator

Results
Patient characteristics

A total of 510 eligible patients (357 men and 153 women; median
age, 44 years; range, 19–65 years) were randomly assigned to receive
once-every-3-weeks (n ¼ 260) or once-a-week (n ¼ 250) cisplatin
concurrently with IMRT (Fig. 1) between August 30, 2011, and
November 10, 2016. The follow-up ended on December 31, 2019.
The two treatment groups were well balanced in terms of baseline
demographic and clinical characteristics (Table 1). Pretreatment
imaging methods used to determine disease stage are presented in
eTable 2 in Supplementary Data S2 and did not differ between groups.

Compliance and chemoradiotherapy delivery
Overall, 260 (100%) of 260 patients in the once-every-3-weeks

group and 249 (99.6%) of 250 patients in the once-a-week group

completed the scheduled total radiation dose. The dose and time
intervals of radiation were well balanced between the treatment groups
(eTable 3 in Supplementary Data S2).

The compliance of both cisplatin chemotherapy regimens is pre-
sented in Table 2. In the once-every-3-weeks group, 259 (99.6%) of
260 patients completed the protocol-defined two cycles of CCRT and
were therefore included in the per-protocol population, and 1 (0.4%)
patient received one cycle. The chemotherapy dose was reduced in 26
patients (10%). The median cumulative cisplatin dose was 200 mg/m2

[interquartile range (IQR), 200–200 mg/m2]. In the once-a-week
group, 134 (53.6%) of 250 patients received all six cycles of CCRT,
226 (90.4%) patients completed protocol-defined five or more cycles
and were regarded as the per-protocol population, 19 (7.6%) patients
received four cycles, 5 (2.0%) patients received three or less cycles. The
chemotherapy dose was reduced in 124 patients (49.6%). The median
cumulative cisplatin dose was 220 mg/m2 (IQR, 198–240 mg/m2).

Efficacy
The intention-to-treat analyses of overall response 3 months after

completion of radiotherapy did not differ between two groups, with
258 of 260 (99.2%) patients in the once-every-3-weeks group versus
249 of 250 (99.6%) patients in the once-a-week group achieving
response, respectively (Table 3).

At the last follow-up on December 31, 2019, the patients had been
followed up for a median of 58.3 months (IQR, 47.8–79.9), with the
follow-up time of the last enrolled patient reaching 3 years. Overall, 87
(17.1%) of 510 patients had treatment failure or died [44 (16.9%) of 260
patients in the every-3-weeks group and 43 (17.2%) of 250 patients in
the once-a-week group], including 23 local recurrences [14/260 (5.4%)
vs. 9/250 (3.6%)], 20 nodal recurrences [6/260 (2.3%) vs. 14/250
(5.6%)], 50 distant failures [26/260 (10.0%) vs. 24/250 (9.6%)], and
36 deaths [21/260 (8.1%) vs. 15/250 (6.0%);Table 3]. One patient died
for radiation-induced nasopharyngeal necrosis and hemorrhage and 1
patient died for accident in the once-every-3-weeks group, compared
with 2 patients died for noncancer-related cardiopulmonary failure in
the once-a-week group. No patients died during treatment.

In the intention-to-treat analysis, the FFS at 3 years was 85.4% (95%
CI, 81.1–89.7) in the once-every-3-weeks group and 85.6% (95% CI,
81.3–89.9) in the once-a-week groupwith anHRof 1.00 (95%CI, 0.66–
1.52; P > 0.99). The absolute difference in survival between the two
groups was �0.20% (95% CI, �6.30 to 5.90; Pnoninferiority ¼
0.0016; Fig. 2A), which was lower than the prespecified noninferiority
margin of 10%, indicating that the once-every-3-weeks cisplatin
regimen was noninferior to once-a-week cisplatin regimen. There
were no differences in secondary endpoints between the two treatment
groups including OS, DMFS, or LRFS analyzed by intention-to-treat
analysis (Fig. 2B–D).

The prespecified stage-specific survival analysis by intention-to-
treat showed no difference for FFS between treatment groups (eTable 4
in Supplementary Data S2). Clinical stage was an independent prog-
nostic factor for FFS, OS, and DMFS, but not LRFS by multivariate
analysis. However, treatment group was not a significant predictive
factor for FFS, OS, DMFS, or LRFS (eTable 5 in Supplementary
Data S2).

Safety
The safety assessment included 260 patients in the once-every-

3-weeks group and 249 patients in the once-a-week group, who
received at least one cycle of concurrent cisplatin and radiotherapy
treatment (Table 4). There was no incidence of treatment-related
mortality. During treatment, 145 of 260 (55.8%) patients in the
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once-every-3-weeks group and 165 of 249 (66.2%) patients in the once-
a-week group experienced grade 3–4 acute toxic effects with signif-
icantly higher rates in the once-a-week group (P ¼ 0.015). Grade 3–4
leucopenia [42/260 (16.2%) in once-every-3-weeks group vs. 68/249
(27.3%) in once-a-week group; P¼ 0.002] and thrombocytopenia [3/260
(1.2%) vs. 12/249 (4.8%), P ¼ 0.015] were significantly lower in the
once-every-3-weeks group compared with the once-a-week group.
The other grade 3 or 4 adverse events did not differ between the
treatment groups.

For late-onset adverse events, 57 (22.9%) patients in the once-
a-week group and 51 (19.6%) patients in the once-every-3-weeks
group experienced one or more grade 3 or 4 late-onset toxicity
(P¼ 0.37). Notably, the grade 3–4 ototoxicity was significantly higher
in the once-a-week group compared with once-every-3-weeks group
[41/249 (16.5%) vs. 25/260 (9.6%); P ¼ 0.021].

Discussion
In this randomized, phase III noninferiority trial, our results show

that two cycles of once-every-3-weeks cisplatin concurrently with
IMRT is noninferior to once-a-week cisplatin in terms of 3-year FFS
for patients with LANPC. Furthermore, significantly less events of
acute hematologic toxicities and late-onset ototoxicity were seen in the

once-every-3-weeks cisplatin group compared to the once-a-week
cisplatin group. To our best knowledge, this study is the first phase
III randomized noninferiority clinical trial to compare the effect of two
cycles of once-every-3-weeks and once-a-week cisplatin regimens
head-to-head in patients with LANPC in the IMRT era.

Chemotherapy combined with radiotherapy is a crucial develop-
ment for treating LANPC (4). A number of trials have demonstrated
the survival benefit of concurrent chemoradiotherapy with adjuvant
chemotherapy versus radiotherapy alone in LANPC (25, 26). A
meta-analysis reported that the most significant benefits of chemo-
therapy on OS of LANPC were derived from either concurrent plus
adjuvant chemotherapy or CCRT, whereas no significant benefit was
seen following treatment with induction or adjuvant chemotherapy
alone (3). Recently, several randomized trials have demonstrated that
the addition of induction chemotherapy to concurrent chemora-
diotherapy significantly improved outcomes (14, 27). On the basis of
these results, concurrent chemoradiotherapy with induction or adju-
vant chemotherapy is preferred recommended by the NCCN Guide-
lines (level 2A evidence) for stage II–IVB NPC, and concurrent
chemoradiotherapy with cisplatin alone is also recommended as one
of the treatment options by current NCCN guidelines (level 2B) (28).
However, it is undeniable that concurrent chemoradiotherapy with
cisplatin still constitutes a cornerstone in these treatment modalities.

526 Patients assessed for eligibility

16 Excluded
9 Did not meet inclusion criteria
7 Refused to participate

250 Assigned to once-a-week group
(intention-to-treat population)

260 Assigned to once-every-3-week group
(intention-to-treat population)

510 Randomized

249 Received once-a-week regimen
(safety population)

260 Received once-every-3-week regimen
(safety population)

1 Received radiotherapy alone

226 Received five or more cycles of once-a-
week regimen 
(per-protocol population)

259 Received two cycles of once-every-3-weeks 
regimen
(per-protocol population)

1 Discontinued radiotherapy
22 Discontinued chemotherapy

21 For advanced events
1 Withdrew consent

1 Discontinued chemotherapy
1 For advanced events

1 Lost to follow-up 2 Lost to follow-up

Figure 1.

CONSORT flow diagram.
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In terms of the concurrent cisplatin dosing schedules, either 40mg/m2

once a week or 100 mg/m2 every 3 weeks, is widely accepted practice
but without high-level comparative evidence (29). The results of our
trial offer evidence that two cycles of once-every-3-weeks cisplatin
regimen should be a preferred concurrent cisplatin regimen in patients
with LANPC, which could aid complete assessment of the different
dosing schedules. Although the efficacy of the combination of induc-
tion chemotherapywas superior to that achievedwithCCRT alone, the
toxicity of combined induction chemotherapy was increased. In the
most recent study conducted by Zhang and colleagues (27), 75.7% of
patients experienced grade 3 or 4 adverse events and over 60% of
patients did not complete three cycles of concurrent cisplatin in the
induction and CCRT group. In this study, the results showed that two
cycles of once-every-3-weeks concurrent cisplatin are less toxic than
once-a-week concurrent cisplatin while maintaining efficacy. It
implies that, although these results may not be directly applicable in
the majority of patients with LANPC who receive three cycles of TPF
or GP induction chemotherapy, two cycles of once-every-3-weeks
cisplatin at 100 mg/m2 could be the regimen with fewer toxicities for
LANPC when patients have already received induction chemotherapy
prior to radiotherapy. Further clinical trials are warranted to explore

the optimal dose and schedule of concurrent cisplatin after induction
chemotherapy.

Two clinical trials have attempted to compare once-every-3-weeks
cisplatin with once-a-week cisplatin for treatment of head and neck
squamous cell carcinoma (HNSCC; refs. 15, 17). Thefirst one is a phase
II trial from Korea (15), 109 patients with LANPC were randomly
assigned to once-a-week cisplatin or once-every-3-weeks cisplatin
concurrently with radiotherapy followed by adjuvant chemotherapy
in patients with stage II–IVB NPC (AJCC 5th edition). The 3-year
progression-free survival was not different between the two regimens.
The other one is a phase III noninferiority trial, in this study,
Noronha and colleagues reported that once-every-3-weeks cisplatin
at 100 mg/m2 was associated with improved locoregional control

Table 1. Baseline characteristics of the intention-to-treat
population.

Characteristics

Once-a-week
group
(N ¼ 250)

Once-every-
3-weeks group
(N ¼ 260)

Sex
Male 180 (72.0%) 177 (68.1%)
Female 70 (28.0%) 83 (31.9%)

Median age, range (years) 43 (21–65) 44.5 (19–65)
Karnofsky scale

90–100 219 (87.6%) 222 (85.4%)
70–80 31 (12.4%) 38 (14.6%)

Histopathology
WHO II 4 (1.6%) 4 (1.5%)
WHO III 246 (98.4%) 256 (98.5%)

T classification
T1 2 (0.8%) 1 (0.4%)
T2 9 (3.6%) 8 (3.1%)
T3 210 (84.0%) 213 (81.9%)
T4 29 (11.6%) 38 (14.6%)

N classification
N0 29 (11.6%) 35 (13.5%)
N1 112 (44.8%) 112 (43.1%)
N2 81 (32.4%) 84 (32.3%)
N3 28 (11.2%) 29 (11.1%)

Staging
III 197 (78.8%) 199 (76.5%)
IVA 25 (10.0%) 32 (12.3%)
IVB 28 (11.2%) 29 (11.2%)

Pretreatment Epstein–Barr virus
DNA test�

Negative 95 (38.0%) 90 (34.6%)
�4,000 copies per mL 97 (38.8%) 99 (38.1%)
>4,000 copies per mL 54 (21.6%) 69 (26.5%)
Missing 4 (1.6%) 2 (0.8%)

DNA (copies per mL), median (IQR) 287 (0–3068) 349 (0–4463)

Note: Data are n (%) or median (range), unless otherwise stated. �The plasma
Epstein–Barr virus DNA test was optional in this trial and was not done for all
enrolled patients.

Table 2. Adherence to the scheduled chemotherapy.

Once-a-week
group
(N ¼ 250)

Once-every-
3-weeks group
(N ¼ 260)

No. of patients randomized 250 260
Patients starting CCRT, no. (%) 250 (100.0%) 260 (100.0%)
Total no. of cycles given, n (%)

Zero cycle 1 (0.4%) 0
One cycle 1 (0.4%) 1 (0.4%)
Two cycles 2 (0.8%) 259 (99.6%)
Three cycles 1 (0.4%) -
Four cycles 19 (7.6%) -
Five cycles 92 (36.8%) -
Six cycles 134 (53.6%) -

Patients receiving reduced dose 124 (49.6%) 26 (10.0%)
Total cisplatin dose given, mg/m2

<100 4 (1.6%) 0
≥100 and <200 30 (12.0%) 26 (10.0%)
≥200 216 (86.4%) 234 (90.0%)
Median dose (IQR) 220 (198–240) 200 (200–200)

Abbreviations: CCRT, concurrent chemoradiotherapy; IQR, interquartile range.

Table 3. Pattern of failure and disease status at last assessment
and response to treatment.

Status

Once-a-
week
group
(N ¼ 250)

Once-every-
3-weeks
group
(N ¼ 260)

All
(N ¼ 510)

Failure events 43 (17.2%) 44 (16.9%) 87 (17.1%)
Distant failure 24 (9.6%) 26 (10.0%) 50 (9.8%)
Locoregional failure

Local 9 (3.6%) 14 (5.4%) 23 (4.5%)
Nodal 14 (5.6%) 6 (2.3%) 20 (3.9%)

Outcome at last
assessment
Alive, n (%) 235 (94.0%) 239 (91.9%) 474 (92.9%)
Died, n (%) 15 (6.0%) 21 (8.1%) 36 (7.1%)

Disease progression 15 (6.0%) 20 (7.7%) 35 (6.7%)
Radiotherapy-related
toxicity

0 (0) 1 (0.4%) 1 (0.2%)

Response to treatment (3months after the end of radiation)
Overall response 249 (99.6%) 258 (99.2%) 507 (99.4%)
Complete response 243 (97.2%) 255 (98.1%) 498 (97.6%)
Partial response 6 (2.4%) 3 (1.2%) 9 (1.8%)

Xia et al.

Clin Cancer Res; 27(15) August 1, 2021 CLINICAL CANCER RESEARCH4190



compared with once-a-week cisplatin at 30 mg/m2 for definitive and
adjuvant chemoradiotherapy for stage III and IV HNSCC (17). These
trials have numerous important differences from our study that limit
their application to clinical practice for LANPC. First, no definitive
conclusions were made in the phase II study from Korea as a small
sample size of patients were enrolled, resulting in low statistical power.
Next, nearly 90% of patients enrolled in the latter phase III trial had
oral cavity cancer and greater than 90% of enrolled patients were
receiving adjuvant chemoradiotherapy. Compared with other forms of
epithelial HNSCC, NPC is more sensitive to chemotherapy and
radiotherapy. The application of these data to patients with LANPC
treated with curative-intent chemoradiotherapy is questionable.
Third, only 1 patient in the latter study received IMRT, which may
have a great impact on the local control of disease. Last but foremost, in
the India phase III trial, although themedian cumulative cisplatin dose
in the once-a-week groupwas 210mg/m2, the study chose 30mg/m2 as
weekly cisplatin dose, which is lower than the dose listed in official
guidelines for NPC. It leaves open the possibility that higher doses of
weekly cisplatin may be more efficacious.

In this study, 3-year FFS in the once-every-3-weeks cisplatin group
was about 85.4% (95%CI, 81.1–89.7) and 85.6% (95%CI, 81.3–89.9) in
the once-a-week group, which is higher than that reported in the
cisplatin-based concurrent chemoradiotherapy group in a trial con-
ducted by Zhang and colleagues (ref. 27; 3-year recurrence-free
survival, 76.5%; 95% CI, 70.4–81.5), even comparable with the 3-year
recurrence-free survival (85.3%; 95% CI, 80.0–89.3) of the induction
chemotherapy group. We propose two possible contributory factors.
First, this could be partly explained by the fact that in our trial 11.6% of
patients in the once-every-3-weeks cisplatin group and 13.5% of
patients in the once-a-week group had stage T3–4N0 tumors, whereas

such patients were excluded from Zhang’s study. Second, in our trial
78.8% of patients in once-every-3-weeks cisplatin group and 76.5%
of patients in once-a-week had stage III disease, whereas 45.9% of
patients in induction chemotherapy group and 50.4% of patients
in concurrent chemoradiotherapy group had stage III disease in
Zhang’s study. Recently, a prospective phase III trial reported by
Tang and colleagues (30) included a group using three cycles of
once-every-3-weeks concurrent cisplatin chemoradiotherapy, which
enrolled patients with NPC with similar stages as current study,
showed similar 2-year FFS (89.9% in Tang’s study vs. 87.7%–90.0%
in current study).

Because the lack of level 1 evidence, questions remain about the
optimal schedule and dose of cisplatin. The regimen of once-a-week
cisplatin at 40 mg/m2 was usually thought well tolerated with less
adverse effects and excellent outcomes (11, 31, 32). Also, three cycles of
once-every-3-weeks cisplatin regimen has been well accepted in
clinical practice based on the results from several phase III
trials (1, 12, 24, 26). However, the completion rate of this regimen
is relatively low, with 33%–88% of patients finishing the planned three
cycles (1, 14, 15, 24, 30). Lee and colleagues (9) conducted the
combined analysis of the NPC-9901 and the NPC-9902 trials to show
that no significant survival difference was observed between patients
who received two or three cycles of once-every-3-weeks cisplatin at
100 mg/m2, implying that a cumulative cisplatin dose of 200 mg/m2

might be adequate in the IMRT era.With the decreasing of cumulative
cisplatin dose to 200mg/m2may decrease the toxicity and increase the
compliance to this regimen. Meanwhile, having considered the fact
that the reduced duration of radiotherapy to 6–7 weeks in the IMRT
era (14, 30), it is reasonable to deliver six cycles of concurrent cisplatin
for once-a-week group or two cycles of concurrent cisplatin for once-

C
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Figure 2.

Kaplan–Meier curves. FFS (A), OS (B), DMFS (C), and LRFS (D) in the intention-to-treat populations.
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every-3-weeks group patients. Therefore, we decided on two cycles of
once-every-3-weeks concurrent cisplatin at 100 mg/m2 as the com-
parative arm and six cycles of weekly concurrent cisplatin at 40mg/m2

as the standard arm in this noninferiority trial.
The tolerability profile of both concurrent chemoradiotherapy

regimens were consistent with results from other studies in the same
periodusingonce-every-3-weeksandonce-a-weekcisplatin(14,27,30).

It is reported that there were 61% patients in once-a-week group
(median cumulative dose, 240 mg/m2) verse 54% patients in once-
every-3-weeks group (median cumulative dose, 200 mg/m2) experi-
enced severe acute toxic effects from two pivotal phase III
trials, suggesting that weekly concurrent cisplatin with radiotherapy
caused higher andmore severe acute adverse effects comparedwith the
once-every-3-weeks regimen (14, 16). In our study, consistently, we

Table 4. Adverse events.

OAW (N ¼ 249) OETW (N ¼ 260)
Adverse event Grade 3 Grade 4 Grade 3 Grade 4 P

Acute toxicity
Hematologic

Anemia 8 (3.2%) 2 (0.8%) 4 (1.5%) 1 (0.4%) 0.16
Thrombocytopenia 11 (4.4%) 1 (0.4%) 2 (0.8%) 1 (0.4%) 0.015
Neutropenia 27 (10.8%) 1 (0.4%) 23 (8.8%) 0 0.37
Leucopenia 60 (24.1%) 8 (3.2%) 41 (15.8%) 1 (0.4%) 0.002

Non-hematologic
Stomatitis/mucositis 89 (35.7%) 0 85 (32.7%) 1 (0.4%) 0.53
Vomiting 28 (11.2%) 0 33 (12.7%) 0 0.62
Nausea 27 (10.8%) 0 30 (11.5%) 0 0.80
Hiccups 10 (4.0%) 0 15 (5.8%) 0 0.36
Constipation 4 (1.6%) 0 4 (1.5%) 0 >0.99a

Diarrhea 4 (1.6%) 0 9 (3.5%) 0 0.18
Dysphagia or odynophagia 7 (2.8%) 0 6 (2.3%) 0 0.72
Dermatitis 15 (6.0%) 0 22 (8.5%) 0 0.29
Xerostomia 16 (6.4%) — 19 (7.3%) — 0.69
Weight loss 8 (3.2%) 0 5 (1.9%) 0 0.36
Fever 2 (0.8%) 0 1 (0.4%) 0 0.97a

Ototoxicity 2 (0.8%) 0 3 (1.2%) 0 >0.99a

Neurotoxicity 0 0 1 (0.4%) 0 >0.99b

Atrial fibrillation 1 (0.4%) 0 0 0 0.49b

Stroke 0 0 0 1 (0.4%) >0.99b

Renal dysfunction 1 (0.4%) 0 0 0 0.49b

Transaminase elevation 6 (2.4%) 0 4 (1.5%) 0 0.70a

Hypokalemia 11 (4.4%) 0 12 (4.6%) 1 (0.4%) 0.76
Hyponatremia 10 (4.0%) 2 (0.8%) 20 (7.7%) 2 (0.8%) 0.10
Hypocalcemia 2 (0.8%) 0 0 0 0.24b

Hypomagnesemia 6 (2.4%) 2 (0.8%) 3 (1.2%) 0 0.11
Any events grade ≥ 3 150 (60.2%) 15 (6%) 138 (53.1%) 7 (2.7%) 0.015
Late toxicity

Otitis 4 (1.6%) 0 2 (0.8%) 0 0.64a

Ototoxicity 34 (13.7%) 7 (2.8%) 20 (7.7%) 5 (1.9%) 0.021
Tinnitus 3 (1.2%) 0 2 (0.8%) 0 0.96a

Eye damage 3 (1.2%) 0 4 (1.5%) 1 (0.4%) 0.77a

Vertigo 3 (1.2%) 0 2 (0.8%) 0 0.96a

Memory impairment 3 (1.2%) 0 4 (1.5%) 0 >0.99a

Cranial neuropathy 8 (3.2%) 1 (0.4%) 7 (2.7%) 2 (0.8%) 0.93
Myelitis 0 1 (0.4%) 0 0 0.49b

Peripheral neuropathy 2 (0.8%) 0 0 0 0.24b

Symptomatic temporal-lobe necrosis 3 (1.2%) 0 2 (0.8%) 0 0.96a

Bone necrosis 0 1 (0.4%) 0 0 0.49b

Soft-tissue damage 4 (1.6%) 0 4 (1.5%) 0 >0.99a

Trismus 3 (1.2%) 2 (0.8%) 2 (0.8%) 0 0.41a

Xerostomia 6 (2.4%) 0 5 (2.0%) 0 0.71
Dysphagia 4 (1.6%) 0 2 (0.8%) 0 0.64a

Dysosmia 3 (1.2%) — 6 (2.3%) — 0.54a

Any events grade ≥ 3 49 (19.7%) 8 (3.2%) 44 (16.9%) 7 (2.7%) 0.37

Note: Data are n (%). No grade 5 adverse events occurred during treatment. As prespecified by protocol, differences in adverse events were analyzed using x2 test.
For adverse events that did not meet the requirement for x2 analysis (absolute count was <1), Fisher exact test was used.
Abbreviations: OAW, once-a-week group; OETW, once-every-3-weeks group.
aAdjusted x2 test.
bFisher exact test.
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noted that a higher overall severe incidence of acute adverse events
among patients treated with once-a-week cisplatin concurrent che-
moradiotherapy (66.2%) than among those treated with once-every-
3-weeks cisplatin concurrent chemoradiotherapy (55.8%); in partic-
ular, the incidence of severe leucopenia and thrombocytopenia was
higher in once-a-week cisplatin group.Higher severe toxicities result in
decreased compliance and delay in treatment. With a cut-off point of
the cumulative dose of 200 mg/m2 cisplatin, completion rates of
five cycles of 40 mg/m2 cisplatin in the once-a-week group were
significantly lower than that of two cycles of 100 mg/m2 cisplatin in
the once-every-3-weeks group (60%–91% vs. 86%–100%, respectively;
refs. 1, 11, 14, 16, 24, 27, 30, 31). Similarly, in our study, the completion
rate of five cycles is 90.4% in once-a-week group and completion rate of
two cycles is 99.6% in once-every-3-weeks group. Moreover, 49.6%
patients in once-a-week arm required cisplatin dose reduction com-
paredwith 10.0% patients in once-every-3-weeks arm. Intriguingly, we
also observed significantly higher grade 3–4 late-onset ototoxicity in
the once-a-week group as well (16.5% vs. 9.6%). One of the most
important contributors may be attributed to the relatively higher
cumulative cisplatin dose in the once-a-week group patients
than once-every-3-weeks group patients (median cumulative dose,
220mg/m2 vs. 200mg/m2). Similar result was observed in another trial
focusing on locally advanced head and neck cancer (18). There is
higher serious late ototoxicity (15.9% vs. 4.3%) in the cohort receiving
higher cumulative cisplatin dose of 300 mg/m2, compared with
210 mg/m2.

Recently, one large, population-based, real-world study, focusing
on patients with non-nasopharyngeal HNSCC, showed that cis-
platin every 3 weeks and weekly regimens had comparable prog-
nostic effects, but cisplatin every 3 weeks regimen was associated
with statistically significantly more toxicities than weekly regi-
men (33). As for toxicities, it appears inconsistent with our study.
Not surprisingly, in their study, nearly half of patients receiving
every-3-weeks regimen reached cumulative dose of 200 mg/m2,
while only a quarter of patients receiving weekly regimen met this
dose intensity. We hypothesized that both of the mode of drug
administration and the cumulative dose of cisplatin would be
important in terms of toxicities. Because the median cumulative
dose of cisplatin was not equal between the two cisplatin regimens,
the question of the relative importance of the cumulative cisplatin
dose versus cisplatin schedule remains unresolved. A future study
which compares two cycles of cisplatin at 100 mg/m2 with five
cycles of weekly cisplatin at 40 mg/m2 is warranted to confirm the
safety and efficacy.

Although chemoradiotherapy is also suggested for stage II NPC, a
recent meta-analysis showed that concurrent chemoradiotherapy lead
to increased toxicity without a survival benefit in those patients (34).
For patients with stage II NPC, clinical trial enrollment is preferred to
investigate whether CCRT is needed in the IMRT era. The ongoing
NCT02610010 trial is designed to investigate IMRT with or without
CCRT for patients with stage II NPC.

Limitations
This study has several limitations. First, this study used the TNM

staging system to select eligible participants, which did not include
effective prognostic biomarkers such as pretreatment plasma
Epstein–Barr virus (EBV) DNA load (35, 36). However, because
the problem of quantitative plasma EBV DNA assay standardiza-
tion in different clinical laboratories remained unsolved before this

trial started, pretreatment plasma EBV DNA load was not included
as a prognostic factor in this study. Second, this trial excluded
children, adolescents, and patients ages 65 years or older in con-
sideration of their safety. Therefore, the results do not have gen-
eralizability to these patients; these patients should be considered to
enroll on future studies. Finally, whether the results can be applied
to non-Asian or non-endemic patient populations needs to be
further assessed.

Conclusions
In conclusion, this study establishes the noninferiority of two cycles

of once-every-3-weeks cisplatin at 100 mg/m2 compared with six
cycles of once-a-week cisplatin at 40 mg/m2 in combination with
concurrent IMRT in LANPC. Because of decreased acute and late-
onset toxicities, two cycles of once-every-3-weeks cisplatin should be
considered the preferred concurrent treatment regimen for these
patients. This study was not intended to show that a high rate of
survival can be achieved with concurrent chemoradiotherapy alone in
LANPC, but rather it is intended to test for noninferiority between two
schedules of CCRT. The standards of care for LANPC to date are
concurrent chemoradiotherapy with induction or adjuvant chemo-
therapy and the optimal scheduling of the concurrent phase of
chemotherapy remains to be investigated with the more intensive
treatment regimens.
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