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Abstract

Background: Nearly 90% locoregionally advanced nasopharyngeal carcinoma
(LANPC) responds to induction chemotherapy (IC) with significant tumor volume
shrinkage. Radiotherapy always follows IC, and reduced volume has been proposed.
However, the efficacy and safety of reduced-volume radiotherapy is uncertain.
Methods: In this multi-center, noninferiority, randomized, controlled trial, patients
with LANPC who completed IC were randomly assigned (1:1) to receive reduced-
volume radiotherapy based on post-IC tumor volume (Post-IC group) or conventional
volume radiotherapy based on pre-IC tumor volume (Pre-IC group). The primary
endpoint was locoregional relapse-free survival, with a noninferiority margin of 8%.
Secondary endpoints comprised adverse events, and quality of life (QoL).

Results: Between August 7, 2020, and May 27, 2022, 445 patients were randomly
assigned to Post-IC (n = 225) or Pre-IC (n = 220) groups. The average volume
receiving radical dose was 66.6 cm® in Post-IC group versus 80.9 cm®. After a

median follow-up of 40.4 months, the 3-year locoregional relapse-free survival was
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INTRODUCTION

Induction chemotherapy (IC) followed by concurrent chemo-
radiotherapy is the standard of care for locoregionally advanced
nasopharyngeal carcinoma.l™* Nearly 90% patients respond, with an
average tumor volume shrinkage from 20.1% to 54.7%.°

For decades, full radical dose coverage, calculated based on the
pre-IC tumor volume, has been recommended, regardless of the
response to IC and concurrent chemoradiotherapy.® This results in
high-dose exposure to the surrounding functional structures, repre-
sented by the inner ear, parotid gland and temporal lobe, resulting in
high proportions of hearing impairment (72%),” dry mouth (57%),2
and temporal lobe injury (12%)° and reducing patients' quality of life
(Qol) far beyond the end of treatment.*®

Reduced-volume radiotherapy with a full dose only to the
residual tumors after the completion of IC may achieve compa-

11-15 properly

rable outcomes with less associated toxicities.
designed trials regarding the safety of reduced-volume radio-
therapy and its benefit to QoL are needed. Therefore, we
designed this multicenter, phase 3 trial to test the hypothesis that
reduced-volume radiotherapy based on post-IC tumor volume (the
post-IC group) would be noninferior to conventional-volume
radiotherapy based on pre-IC tumor volume (the pre-IC group)
in patients with locoregional, advanced nasopharyngeal carcinoma

who receive IC.

MATERIALS AND METHODS
Trial design and participants

This multicenter, noninferiority, open-label, phase 3, randomized
controlled trial was conducted in three Chinese medical centers (see
Supporting Information S1: Supporting Methods, p 13). The key
eligibility criteria comprised patients who had: newly diagnosed,
histologically confirmed, nonkeratinizing nasopharyngeal carcinoma,
stage IlI-IVA disease (according to the 8th edition American Joint
Committee on Cancer/Union for International Cancer Control

91.5% in the Post-IC group versus 91.2%, with a difference of 0.3% (95% confidence
interval —4.9% to 5.5%). The incidence of grade 3-4 radiation-related toxicity was
lower in the Post-IC group including: acute mucositis (19.8% vs 34.1%), late otitis
media (9.5% vs 20.9%) and late dry month (3.6% vs 9.5%). The Post-IC group had
better QoL for global health status, physical functioning, emotional functioning, dry
mouth and sticky saliva.

Conclusions: In this trial, reduced-volume radiotherapy was noninferior to conven-
tional volume radiotherapy in locoregional relapse-free survival, and was associated
with lower toxicities and improved QoL. (ClinicalTrials.gov identifier NCT04384627).

clinical trial, nasopharyngeal carcinoma, noninferiority, reduced-volume radiotherapy

staging system); aged 18-70 years; a Karnofsky performance status
score >70; and adequate hematologic function. Patients had to be
treatment-naive, and all patients were required to have completed
three cycles of IC with gemcitabine plus cisplatin before enrolment.
The key exclusion criteria included: tumor progression after IC;
previous receipt of chemotherapy, radiotherapy, or surgery (except
diagnostic) to the nasopharynx or neck; a history of cancer; lactation
or pregnancy; severe coexisting illness; or requiring palliative treat-
ment. The trial protocol was approved by the institutional ethics
committee at each participating center. All participants provided
written informed consent. Patient consent could be withdrawn post-
enrolment at any time for any reason. Comprehensive details of the
trial are provided in the protocol (see Supporting Information S2:
Supporting Materials).

Randomization and masking

Eligible patients were randomly assigned to receive reduced-volume
radiotherapy (in the post-IC group) or conventional-volume radio-
therapy (in the pre-IC group), at a 1:1 ratio in blocks of four and
stratified by trial center and disease stage (lll or IVA). Centralized
randomization was performed at the Clinical Trials Center of Sun Yat-
sen University Cancer Center (Guangzhou, China). Random
assignment was generated by using a computerized, randomized list
generator. Treatment group assignment was not masked to the
patients or physician, although it was masked to the Central Imaging
Review Committee (CIRC) and the statisticians. The block structure
was known only to the statistician and the study coordinator, who
were not involved clinically in the trial. Rigorous quality-control mea-
sures were implemented to ensure the scientific integrity of the trial

(see Supporting Information S1: Supporting Methods, p. 11-12).

Procedures

Intensity-modulated radiotherapy was required for all patients. The
definition of radiotherapy target volumes was done according to the
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International Commission on Radiation Units and Measurements
(ICRU) reports 50 and 62.1%'7 The gross tumor volume (GTV) con-
tained the primary tumor (GTVnx) and the involved cervical lymph
nodes (GTVnd) that would receive the full prescribed radical dose of
irradiation and was delineated according to the allocation group. In
the post-IC group, the GTVnx was delineated based on post-IC
magnetic resonance imaging (MRI), which included only the residual
soft tissue mass of the nasopharynx for patients without initial bony
structural invasion. However, in patients with initial bony structural
invasion, the involved bony structures were delineated based on pre-
IC imaging to ensure that all initial disease within the bone was
encompassed regardless of signal changes after induction, although
the soft tissue component of the GTVnx was still delineated based on
postinduction MRI. The GTVnd was delineated based on post-IC
imaging. In patients without bone invasion, if no tumor signal was
detected after induction, as confirmed by the CIRC, the GTVnx would
not be delineated for the post-IC group. The GTVnd would not be
delineated for any lymph node with complete resolution on the post-
IC MRI for the post-IC group. Instead, the high-risk clinical target
volume (CTV) covered the originally involved fat space.

In the pre-IC group, the GTV would be delineated based on pre-
IC MRI and should include all structures that tumor involved before
IC, even if they are no longer grossly involved. And pre-treatment
18F_fluorodeoxyglucose examination was also used for delineation
when available. Detailed delineation methods, including skull base
invasion, paranasal sinus invasion, parapharyngeal muscle invasion,
etc., are shown in Figures S1-S9.

The high-risk CTV was defined as the GTVnx plus a margin of 5-
10 mm (2-3 mm posteriorly if adjacent to the brainstem or spinal
cord) and the GTVnd plus a margin of 3-5 mm. In addition, in the
post-IC group, the volume should encompass all tumor volume before
IC. The low-risk CTV was defined as the high-risk CTV plus a margin
of 5-10 mm (2-3 mm posteriorly if adjacent to the brainstem or
spinal cord). The planning target volume was defined as the GTV or
CTV plus a margin of 3-5 mm. The prescribed doses were 70 grays
(Gy) to the primary tumor, 66-70 Gy to the cervical lymph nodes,
60-62 Gy to the high-risk CTV, and 54-56 Gy to the low-risk CTV in
30-33 fractions (once daily, five fractions every week). To ensure the
quality of the trial, the research team at the Sun Yat-sen University
Cancer Center reviewed all radiotherapy plans. During
radiotherapy, two or three cycles of concurrent cisplatin were
administered intravenously at a dose of 100 mg/m? every 3 weeks.
Details of the radiotherapy and chemotherapy are provided in
Supporting Information S1: Supporting Methods (p. 3-8).

In this trial, essential baseline evaluations were required within 2
weeks before IC (see Supporting Information S1: Supporting
Methods, p. 3). At day 7 after IC completion, and at week 16 after
chemoradiotherapy, nasopharyngoscopy was used to assess the pri-
mary tumor. Acute toxicity was assessed using the National Cancer
Institute’s Common Toxicity Criteria, version 4.0, and radiation-

related late toxicities were assessed according to the Radiation

Therapy Oncology Group and the European Organization for
Research and Treatment of Cancer (EORTC) late-radiation morbidity
scoring scheme.'® The EORTC Quality-of-Life Core 30-item ques-
tionnaire (QLQ-C30), version 3.0, and the Quality-of-Life Head and
Neck 35-item questionnaire (QLQ-H&N35), version 1.0, were used to
evaluate QoL during follow-up.

Patients were followed at 3-month intervals for the first 3 years
and then at 6 month intervals until death (see Supporting
Information S1: Supporting Methods, p. 8-9). The initial radiologic
examination and Epstein-Barr virus DNA test were performed 3
months after the completion of treatment. Subsequently, these tests
were conducted at least once every 6 months for the next 3 years
and annually thereafter. Physical examinations were scheduled every
3 months during the first 3 years and every 6 months thereafter.
Whenever possible, histology was used to confirm distant or
locoregional relapses. In patients for whom histologic confirmation
was medically contraindicated or technically infeasible, the CIRC
confirmed relapses while blinded to treatment assignment by using at
least two imaging methods. For those patients who were lost to
follow-up, mortality information was obtained from their death

certificates.

Outcomes

The primary end point was locoregional relapse-free survival, defined
as the time from randomization to either documented local and/or
regional relapse or death from any cause (except for metastasis),
whichever occurred first. Secondary end points were overall survival,
distant metastasis-free survival, failure-free survival, radiation-
related toxicity profile, and QoL (see Supporting Information S1:
Supporting Methods, p. 9-10). If a patient's first relapse event was a
locoregional relapse, they were censored for distant metastasis
analysis, and vice versa. If both distant and locoregional relapses
occurred simultaneously, patients were designated as having events
for both distant metastasis-free survival and locoregional relapse-
free survival analyses. Patients were censored at the last follow-up
visit if they remained alive without any treatment failure or if they
were lost to follow-up.

Statistical analysis

This trial was designed to determine whether reduced-volume
radiotherapy would be noninferior in terms of 3-year locoregional
relapse-free survival compared with conventional-volume radio-
therapy. In both groups, locoregional relapse-free survival at 3 years
was assumed to be 92% on the basis of previous data.? We set the
noninferiority margin at 8% based on expert consensus, institutional
experience, and published studies.!?22 Consequently, to demon-

strate noninferiority, the lower boundary of the 95% confidence
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interval (Cl) for the difference in 3-year locoregional relapse-free
survival rate between the two groups must not exceed —8%. With
80% power and a 5% one-sided type | error, at least 435 patients
were required to allow for a 5% loss to follow-up or dropout.

Efficacy analyses were performed in the intention-to-treat pop-
ulation and were repeated in the per-protocol population. The safety
analyses were done in the safety population. All patients who started
the randomly assigned treatment were included in the per-protocol
and safety populations. An independent data monitoring committee
was assembled in this trial and reviewed the efficacy and safety data
to determine whether the trial design should be modified every 6
months. No protocol-mandated interim analysis was done in our trial
for noninferiority.?®

The Kaplan-Meier method was used to calculate time-to-
event outcomes with log-rank tests for comparisons between
groups. The results were stratified according to disease stage and
trial center. Patients were censored at the last follow-up visit if
they remained alive without any treatment failure or were lost to
follow-up. A z test was used to estimate the difference in the 3-
year survival rate between the two groups. The hazard ratios
(HRs) and 95% Cls were calculated with a stratified Cox pro-
portional hazards model (using treatment as a single covariate), in
which the assumptions of proportional hazards were confirmed
using Schoenfeld residuals.?*

A Cox

treatment-by-covariate interaction based on the intention-to-treat

proportional hazards model further evaluated
population to ascertain whether the treatment effect was
different among the prespecified patient subgroups; interactions
with age, sex, tumor categories, lymph node categories, and dis-
ease stages. A Cox proportional hazard model was also used for
multivariable analyses to identify significant independent factors.
We summarized acute and late toxicities according to frequency
and severity.

Analyses of QoL were performed in patients who were without
disease relapse or metastasis in the safety population. The Support-
ing Information S1: Supporting Methods (p. 10) detail the analytical
methods used for patient-reported outcomes. Post-hoc analyses of
locoregional relapse-free survival were conducted between patients
with or without baseline plasma Epstein-Barr virus DNA testing and
between those with or without baseline ‘8F-fluorodeoxyglucose PET/
CT examination. In addition, a post-hoc analysis also was done to test
the primary hypothesis in patients who had different baseline
Epstein-Barr virus DNA levels (with a cutoff of 2000 copies/mL
chosen based on our previous study?>).

SPSS (version 27.0; IBM Corporation) or R (version 4.3.0; R
Foundation for Statistical Computing) software were used for all
analyses. A one-sided statistical test was used for a noninferiority
test of locoregional relapse-free survival, with p values < .05 indi-
cating statistical significance. All other statistical tests were two-
sided, with the same significant p value. The key raw data underly-
ing this study were uploaded to the Research Data Deposit public
platform (RDDA2025934346). This study is registered with Clin-

icalTrials.gov, NCT04384627.

RESULTS
Participants and treatment

Between August 7, 2020, and May 27, 2022, we enrolled and
randomly assigned 445 patients to the post-IC group (n = 225) or the
pre-IC group (n = 220; Figure 1). Baseline characteristics were well
balanced between the groups (Table 1). Most patients (n = 354; 80%)
were treated with a volumetric-modulated arc therapy technique. All
patients underwent daily guided imaging with either cone-beam
computed tomography (h = 319; 72%) or kilovoltage orthogonal
imaging (n = 126; 28%). The proportions of those who underwent
volumetric-modulated arc therapy and an image-guided modality did
not differ between the study groups (see Table S2).

Of the 445 patients who underwent randomization, 222 of 225
(98.7%) in the post-IC group and 220 of 220 (100%) in the pre-IC
group started protocol-defined radiotherapy and were included in
the safety population (Figure 1). Three of 225 patients (1.3%) who
had been assigned to the post-IC group withdrew their consent and
received conventional-volume radiotherapy. Two patients (0.9%) in
the post-IC group discontinued radiotherapy before completion, one
(0.4%) because of dermatomyositis and the other was because of
suicidal tendency. In the post-IC group, four of 225 patients (1.8%)
patients discontinued concurrent cisplatin, of whom two (0.9%)
received nedaplatin-concurrent chemotherapy instead. In the pre-IC
group, three of 220 patients (1.4%) discontinued concurrent cisplatin,
of whom two (0.9%) received nedaplatin-concurrent chemotherapy
instead. Details of the chemotherapy and radiotherapy received are
provided in Table S3.

Dosimetry

The mean =+ standard deviation GTVs were smaller in the post-IC
group compared with those in the pre-IC group (66.6 + 34.8 vs.
80.9 + 39.7 cm®; p < .001). The mean + standard deviation GTVnx
(50.6 +29.9 vs. 60.8 + 35.6 cm>; p =.002) and GTVnd (15.9 + 17.3 vs.
20.4 + 20.4 cm®; p = .02) values also were smaller in the post-1C group.
No difference was observed in the radiation dose delivered to the GTV.
Furthermore, the dose delivered to the surrounding functional struc-
tures was significantly reduced in the post-IC group, represented by
the inner ear, middle ear, parotid, and temporal lobe. The detailed dose

and volume statistics are provided shown in Table S11.

Efficacy

After a median follow-up of 40.4 months (interquartile range, 36.4-
44.8 months), locoregional relapse was recorded in 38 of 445 pa-
tients (8.5%; n = 17 [7.6%)] in the post-IC group vs. n = 21 [9.5%] in
the pre-IC group). Based on the intention-to-treat population, the 3-
year locoregional relapse-free survival rate was 91.5% (95% Cl,
87.9%-95.4%) in the post-IC group compared with 91.2% (95% ClI,
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471 patients screened for eligibility

26 patients excluded
21 did not meet eligibility criteria*
5 refused to participate

445 patients randomly assigned

¥

225 assigned to reduced-volume radiotherapy (Post-IC group)
intention-to-treat population

3 withdrew consent and received
conventional volume radiotherapy

Y

222 started reduced-volume radiotherapy
safety population

4 discontinued concurrent cisplatin
2 adverse events N
1 patient refusal
1 suicidal tendency

2 discontinued radiotherapy
s 1 dermatomyositis -
1 suicidal tendency

Y

220 completed full dose of radiotherapy
222 included in QOL analysis (completed QLQ-C30 or
QLQ-H&NS35 at baseline and at least one other assessment)

v

220 assigned to conventional volume radiotherapy (Pre-IC group)
intention-to-treat population

Y

220 started conventional volume radiotherapy
safety population

3 discontinued concurrent cisplatin | _
1 adverse events
2 patient refusal

Y

220 completed full dose of radiotherapy
220 included in QOL analysis (completed QLQ-C30 or
QLQ-H&NS35 at baseline and at least one other assessment)

A

FIGURE 1 Flowchart of screening, randomization, and treatment. The intention-to-treat population comprised all randomly assigned
patients. The safety population comprised all patients who received at least one fraction of their allocated radiotherapy schedule. *Four
patients had disease progression after induction chemotherapy, four underwent previous therapeutic surgery to the neck or nasopharynx,
three were without adequate hematologic function, two were without adequate renal function, two were without adequate liver function, two
with lactation, two with previous malignancy, one with symptomatic heart failure, and one with symptomatic asthma. IC indicates induction
chemotherapy; QLQ-C30, the European Organization for Research and Treatment of Cancer Quality-of-Life Core 30-item questionnaire;
QLQ-H&NS35, the European Organization for Research and Treatment of Cancer Quality-of-Life Head and Neck 35-item questionnaire; QOL,

quality of life.

87.5%-95.1%) in the pre-IC group, with a difference of 0.3% (95% Cl,
—4.9%, 5.5%); the stratified HR was 0.82 (95% Cl, 0.44-1.50;
Figure 2A). The Schoenfeld test p value for locoregional relapse-free
survival was 0.99 (see Table S10). The per-protocol analysis pro-
duced similar results: the 3-year locoregional relapse-free survival
rate was 91.4% (95% Cl, 87.7%-95.3%) in the post-IC group
compared with 91.2% (95% Cl, 87.5%-95.1%) in the pre-IC group,
with a difference of 0.2% (95% Cl, —5.1%, 5.5%), and the unstratified
HR was 0.82 (95% Cl, 0.45-1.51).

At the last follow-up, 18 of 445 patients (4.0%) had died (n = 10
[4.4%] in the post-IC group vs. n = 8 [3.6%] in the pre-IC group). The

3-year overall survival rate was 96.8% (95% Cl, 94.4%-99.2%) in the
post-IC group versus 96.7% (95% Cl, 94.3%-99.1%) in the pre-IC
group, with a stratified HR of 1.22 (95% Cl, 0.48-3.10; Figure 2B);
the 3-year distant metastasis-free survival rate was 91.7% (95% Cl,
88.0%-95.4%) in the post-IC group versus 93.3% (95% Cl, 89.9%-
96.8%) in the pre-IC group, with a stratified HR of 1.27 (95% Cl,
0.63-2.55; Figure 2C); and the 3-year failure-free survival rate was
85.1% (95% Cl, 80.4%-90.0%) in the post-IC group versus 85.9%
(95% Cl, 81.4%-90.8%) in the pre-IC group, with a stratified HR of
0.96 (95% CI, 0.60-1.55; Figure 2D). Schoenfeld residuals analysis

confirmed that the proportionality assumption was not violated
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TABLE 1 Baseline characteristics.

No. (%)
Characteristic Post-IC, n = 225 Pre-IC, n = 220 p'J
Sex 0.10
Male 164 (72.9) 175 (79.5)
Female 61(27.1) 45 (20.5)
Age, Median [IQR], years 46 (37, 53) 47 (39, 53) 0.52¢
Karnofsky performance score 0.59
70-80 15 (6.7) 12 (5.5)
90-100 210 (93.7) 208 (94.5)
Histology 0.25
WHO grade 2 16 (7.1) 10 (4.5)
WHO grade 3 209 (92.9) 210 (95.5)
Tumour category?® 0.70
T1-2 27 (12.0) 22 (10.0)
T3 124 (55.1) 129 (58.6)
T4 74 (32.9) 69 (31.4)
Nodal category?® 0.11
NO-1 91 (40.4) 68 (30.9)
N2 64 (28.4) 74 (33.6)
N3 70 (31.1) 78 (35.5)
Stage? 0.99
11 94 (41.7) 92 (41.8)
IVA 131 (58.2) 128 (58.2)
Pre-treatment EBV DNA test 219 (97.3) 215 (97.7) 0.79

Abbreviations: EBV, Epstein-Barr virus; IC, induction chemotherapy; IQR, interquartile range; RT, radiotherapy; WHO, World Health Organization.

@According to the 8th edition of American Joint Committee on Cancer-Union for International Cancer Control stage classification system.

bp-values were calculated using unadjusted x? tests, unless specified noticed.

“Calculated using Mann-Whitney U test.

(p = .81 for overall survival; p = .86 for distant metastasis-free sur-
vival, and p = .95 for failure-free survival; see Figure S10). Details of
the locoregional relapse, death, distant metastasis and treatment
failure are summarized in Table 2. The results of the per-protocol
analysis were similar to those of the intention-to-treat analysis: the
3-year overall survival rate was 96.7% (95% Cl, 94.3%-99.1%) in the
post-IC group versus 96.7% (95% Cl, 94.3%-99.1%) in the pre-IC
group, with an unstratified HR of 1.26 (95% ClI, 0.50-3.18); the 3-
year distant metastasis-free survival rate was 92.0% (95% Cl,
88.4%-95.7%) in the post-IC group versus 93.3% (95% Cl, 89.9%-
96.8%) in the pre-IC group, with an unstratified HR of 1.23 (95% ClI,
0.60-2.49); and the 3-year failure-free survival rate was 85.3% (95%
Cl, 80.7%-90.3%) in the post-IC group versus 85.9% (95% Cl, 81.4%-
90.8%) in the pre-IC group, with an unstratified HR of 0.94 (95% ClI,
0.58-1.52).

Adverse events and quality of life

In the safety population, no substantial differences in acute
chemotherapy-related toxic effects were observed in the two
groups (Table 3). However, there was a significantly reduced inci-
dence of acute radiation-related toxicities in post-IC group,
including grade 3 or 4 mucositis (n = 44 [19.8%] vs. h = 75 [34.1%];
p < .001) and grade 3 dry mouth (n = 9 [4.1%] vs. n = 19 [8.6%];
p = .048). Patients in the post-IC group also had a lower incidence
of late radiation toxicities, including grade 3 or 4 otitis media
(n = 21 [9.5%] vs. n = 46 [20.9%]; p < .001), hearing impairment
(n =9 [4.1%] vs. n = 20 [9.1%]; p = .03), and grade 3 dry mouth
(n = 8 [3.6%] vs. n = 21 [9.5%]; p = .01).

In the safety population, the two groups had comparable baseline

QoL scores (see Tables S13 and S14). Among the 282 of 442 patients
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A Locoregional relapse-free survival B Overall survival
g 100 100
: - m 0 o
2 80 = 80
] X
o 70 = 70
j: 60| — Conventional volume (Pre-IC) § 60
g8 50| — Reduced-volume (Post-IC) 3 50
° ®
= 40 ] 40
] 30 36-month rate: g 20 36-month rate:
S
2 20| POSt-IC, 91.5% vs. Pre-IC, 91.2% 20| POSt-IC, 96.8% vs. Pre-IC, 96.7%
g 10/ Stratified hazard ratio 0.82 (95% Cl, 0.44-1.50) 10/ Stratified hazard ratio 1.22 (95% Cl, 0.48-3.10)
0 0
0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48
Number at risk Time since randomisation (months) Number at risk Time since randomisation (months)
Pre-IC 220 220 216 211 205 181 148 77 9 Pre-IC 220 220 220 218 216 195 162 88 1
PostiC 225 225 224 216 21 182 148 81 8 PostIC 225 225 224 222 221 194 163 89 13

C Distant metastasis-free survival

100
90
80
70
60
50

0 36-month rate:
30

55 Post-IC, 91.7% vs. Post-IC, 93.3%
10/ Stratified hazard ratio 1.27 (95% Cl, 0.63-2.55)

Distant metastasis—free survival (%)

0

0 6 12 18 24 30 36 42 48

Number at risk Time since randomisation (months)
Pre-IC 220 219 214 213 209 190 155 82 11
Post-IC 225 223 220 217 209 181 151 84 11

D Failure-free survival

100
90 x
80
70
60
50

44 36-month rate:
30

20 Post-IC, 85.1% vs. Pre-IC, 85.9%
10| Stratified hazard ratio 0.96 (95% Cl, 0.60-1.55)

Failure—free survival (%)

0

0 6 12 18 24 30 36 42 48

Number at risk Time since randomisation (months)
Pre-IC 220 219 210 206 199 177 142 72 9
Post-IC 225 223 220 212 203 173 142 78 8

FIGURE 2 Kaplan-Meier curves of (A) locoregional relapse-free survival, (B) overall survival, (C) distant metastasis-free survival, (D) and
failure-free survival in the intention-to-treat population. A stratified Cox proportional-hazards model was used to calculate the hazard ratios
and their associated 95% Cls. The stratified log-rank test was used to calculate p values. All stratified analyses used the same stratification
factors that were used for randomization (center and stage). Cl indicates confidence interval; IC, induction chemotherapy.

(63.8%) who were disease free and completed the 3-year follow-up,
274 (62.0%) completed the EORTC QLQ-C30 questionnaire, and 273
(61.8%) completed the QLQ-H&N35 questionnaire. Compared with
baseline scores, the post-IC group had significantly better QoL out-
comes for global health status (difference, 6.8 [95% Cl, 1.9-1.6];
p = .005), physical functioning (difference, 3.5 [95% Cl, 0.3-6.8];
p = .005), and emotional functioning (difference, 4.5 [95% ClI, 0.1-
8.9]; p = .02) on the QLQ-C30 scale and for dry mouth (difference,
—-8.4[95% Cl, —14.3, —2.4]; p = .02) and sticky saliva (difference, —7.1
[95% CI, —12.5, —1.6]; p = .04) on the QLQ-H&N35 scale at 3 years
(Table 4).

DISCUSSION

In this phase 3, multicenter, randomized controlled trial, we observed
that reduced-volume radiotherapy based on post-IC tumor volume
(the post-IC group) was noninferior to conventional-volume radio-
therapy based on pre-IC tumor volume (the pre-IC group) in patients

with nasopharyngeal carcinoma who received IC. We observed fewer

radiation-related acute and late toxicities and improved QoL in the
post-IC group.

Current consensus on radiotherapy target volume for nasopha-
ryngeal carcinoma after IC was proposed in 2018 and indicates that
the pre-IC tumor volume should receive the full radical dose
regardless of volume shrinkage.® However, that consensus was pro-
posed based on the experience in head and neck cancer, and robust
data were lacking. Nasopharyngeal carcinoma has unique charac-
teristics in biologic behavior, clinical manifestations, and response to
chemoradiotherapy, leading investigators to reassess the current
consensus on radiotherapy.?®

The advantages of reduced-volume radiotherapy lie in the non-
inferiority of survival and the superiority of toxicities and QoL. The
noninferiority of survival was achieved because of the inherent
characteristics of the trial. Generally, the enlargement and peripheral
invasion of the tumor lesion conform to the principle of the tumor's
clonogenic density, increasing gradually from subclinical, to micro-
scopic, to clinically detectable lesions, which require increased irra-
diation doses from 54-56 Gy, to 60-62 Gy, and to 66-70, Gy

respectively.?” With the significant efficacy of IC in tumor shrinkage,
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TABLE 2 Distribution of disease failure.

No. of events (%)

Event Post-IC group, n = 225 Pre-IC group, n = 220 p?
Locoregional 17 (7.6) 21 (9.5) 0.45
Local 10 (4.4) 13 (5.9) 0.49
Regional 9 (4.0) 13 (5.9) 0.36
Distant 16 (7.1) 12 (5.5) 0.47
Lung 10 (4.4) 6(2.7) 0.33
Bone 3(1.3) 4(18) 0.72°
Liver 7 (3.1) 4 (1.8) 0.38
Other 4(18) 1(0.5) 0.37°
Multiple 6(2.7) 2 (0.9) 0.29°
Death 10 (4.4) 8 (3.6) 0.67
Cancer-specific 8 (3.6) 6(2.7) 0.62
Noncancer-specific 2 (0.9) 2 (0.9) 1.00°
Accident 2 (0.9) 1(0.5) 1.00°
COVID-19 0 (0.0) 1(0.5) —
Any events 31 (13.8) 32 (14.5) 0.82
Local alone 8 (3.6) 8 (3.6) 0.96
Regional alone 5(2.2) 8 (3.6) 0.38
Distant alone 14 (6.2) 11 (5.0) 0.58
Local and regional 2 (0.9) 5(2.3) 0.28
Local and distant 0 (0.0) 1 (0.5) —
Regional and distant 2(0.9) 1(0.5) 1.00°

Abbreviations: COVID-19, coronavirus disease 2019; IC, induction chemotherapy.

2All p values were calculated using unadjusted x? tests, unless otherwise specified.

bCalculated using the Fisher exact test.

some clinically detectable lesions could be reduced to microscopic or
subclinical disease and required a lower radiation dose. In our trial,
we ensured that all clinically detectable lesions after IC received at
least 66 Gy of irradiation (70 Gy for the GTVnx and 66-70 Gy for the
GTVnd). Because there is great difficulty in accurately assessing the
extent of tumor within bony structures after IC, and because tumor
signals in bone do not usually recover in time after IC,2® our trial
incorporated bone structures that had tumor invasion into the GTV,
and such tumors received at least 70 Gy of irradiation. For other
structures that had reduced tumor volume after IC, our trial ensured
a minimum of 60 Gy of irradiation to guarantee that subclinical or
microscopic lesions received an adequate dose. Despite a lack of
shrinkage in the superior and posterior directions within the bony
structures, the significant reduction in the soft tissue component of
the GTV in the other directions resulted in significant improvements

in parotid gland-related and inner ear-related symptoms observed in
the post-IC group in our trial.

With regard to the superiority of toxicities and QoL, reducing the
range of the radical irradiation dose to the post-IC tumor volume
inevitably led to a reduced radiation dose to surrounding structures.
For toxicities, a significant reduction in late grade 3 or higher otitis
media was observed in our trial. These reductions are clinically vital
for patients who have nasopharyngeal carcinoma because the otitis
media caused by radiation is usually an irreversible morbidity that
may lead to social and emotional dysfunction or mental disorders,
thus decreasing the QoL causing disability.2?=3! In addition, a sig-
nificant decrease in acute mucositis was also observed. Mucositis is
the most common acute toxic during radiotherapy, leading to weight
loss and reduced QoL.*%%2 In our trial, reduced-volume radiotherapy
reduced the incidence of grade 3 or higher mucositis by almost 15%,
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TABLE 3 Acute and late treatment-related toxicities.

No. (%)

Post-IC group, n = 222 Pre-IC group, n = 220 p?

Grade 1 or 2 Grade 3 or 4 Grade 1 or 2 Grade 3 or 4 Grade >1 Grade >3

Any acute toxicities
Leukopenia 142 (64.0) 21 (9.5) 129 (58.6) 19 (8.6) 0.16 0.76
Neutropenia 97 (43.7) 8 (3.6) 103 (46.8) 8 (3.6) 0.51 0.99
Anemia 206 (92.8) 10 (4.5) 195 (88.6) 13 (5.9) 0.14 0.51
Thrombocytopenia 47 (21.2) 7 (3.2) 42 (19.1) 9 (4.1) 0.78 0.60
Nausea 179 (80.6) 7 (3.2) 181 (82.3) 2(0.9) 0.87 0.18°
Vomiting 129 (58.1) 9 (4.1) 141 (64.1) 6(2.7) 0.31 0.44
Elevated transaminase levels 20 (9.0) 0 (0.0) 25 (11.4) 1 (0.5) 0.33 0.50°
Mucositis 172 (77.5) 44 (19.8) 143 (65.0) 75 (34.1) 0.16 < .001°
Dry mouth 203 (91.4) 9 (4.1) 192 (87.3) 19 (8.6) 0.83 0.048°
Dysphagia 206 (92.8) 6(2.7) 202 (91.8) 11 (5.0) 047 0.21
Weight loss 151 (68.0) 5(2.3) 170 (77.3) 3(1.4) 0.04° 0.50°
Trismus 7 (3.2) 0 (0.0) 7 (32) 0 (0.0) 0.99 —
Any late toxicities

Skin 46 (20.7) 0 (0.0) 58 (26.4) 0 (0.0) 0.10 —
Dysphagia 134 (60.4) 1 (0.5) 136 (61.8) 3(1.4) 0.61 0.37°
Hoarseness 79 (35.6) 0 (0.0) 89 (40.5) 0 (0.0) 0.29 —
Dry mouth 195 (87.8) 8 (3.6) 187 (85.0) 21 (9.5) 0.20 0.01°¢
Trismus 14 (6.3) 0 (0.0) 17 (7.7) 0 (0.0 0.56 —
Auditory/hearing 138 (62.2) 9 (4.1) 147 (66.8) 20 (9.1) 0.03° 0.03°
Otitis media 135 (60.8) 21 (9.5) 124 (56.4) 46 (20.9) 0.09 < .001°
Temporal lobe injury 13 (5.9) 0 (0.0 27 (12.3) 0 (0.0 0.02¢ —
Osteonecrosis 7 (3.2) 0 (0.0) 7 (3.2) 0 (0.0) 0.99 —

Note: The safety analyses were done in the safety population, comprising all patients who commenced the randomly assigned treatment.

Abbreviation: IC, induction chemotherapy.

2All p values were calculated using X2 tests unless otherwise specified.
PThese p values were calculated using the Fisher exact test.

“This p value indicates a statistically significant difference.

which, in turn, reduced weight loss in about 10% of patients and
improved their QoL. The main findings of our study are consistent
with those of the trial initially reported by Yang et al. and updated by
Xiang et al., with a larger sample size and more comprehensive late
toxicity assessment and addition of QoL evaluation. We also used a
relatively reduced dose to the high-risk CTV, which encompassed the
pre-IC GTV (60 Gy vs. 64 Gy to the post-IC GTV). The similarities and
differences of the two trials are summarized in Table S15.

The main limitation of our study is that this trial was conducted

in an endemic area of nasopharyngeal carcinoma, and almost all

patients had tumors with WHO grade 3 histology and related
Epstein-Barr virus infection. Therefore, for patients in nonendemic
areas, applicability of the current finding remains unclear. However,
similar treatment responses have been observed, especially in those
with nasopharyngeal carcinoma related to Epstein-Barr virus.>*

In conclusion, our trial provides robust data establishing that
reduced-volume radiotherapy based on the post-IC tumor volume is
a safe method for locoregional control with reduced toxicity and
improved Qol, suggesting that, for nondistant metastatic and non-
carcinoma, reduced-volume

keratinizing nasopharyngeal
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TABLE 4 Changes in quality-of-life scores from baseline to 3 years after treatment.

Mean score + SD

Post-IC group Pre-IC group Difference (95% Cl) p

EORTC QLQ-C30: General quality of life [the higher the better]”

Global health status 80 + 179 1.3 £ 225 6.8 (1.9-11.6) 0.005°¢
Physical functioning 48 + 10.8 1.2 + 16.1 3.5 (0.3-6.8) 0.005¢
Role functioning 6.7 + 18.2 7.7 £ 20.8 -1.0 (-5.7, 3.6) 0.96
Emotional functioning 6.5 + 140 20+ 221 4.5 (0.1-8.9) 0.02¢
Cognitive functioning 1.0 + 138 1.0 + 181 0.0 (-3.8, 3.9) 0.60
Social functioning 9.5+ 19.2 10.6 + 24.2 -1.0 (-6.2,4.1) 0.67

Symptom burden [the lower the better]

Fatigue -12.3 + 170 -10.1 + 24.1 -22(-7.2,28) 0.31
Nausea and vomiting -9.6 + 16.7 -10.8 + 21.9 1.2 (-3.5, 5.8) 0.78
Pain -1.6 £+ 12.7 -0.8 + 14.9 -0.8 (-4.1, 2.5) 0.79
Dyspnea -6.4 + 18.0 -2.6 + 224 -3.8(-8.6, 1.0) 0.13
Insomnia -2.2 4231 —5.5+ 249 3.3 (-24,9.0) 0.57
Appetite loss -14.6 + 218 -18.9 + 26.6 44 (-14,10.2) 0.23
Constipation -32+ 195 -6.2 +20.3 3.0(-17,7.8) 0.34
Diarrhea -1.7 + 11.0 -0.5 + 113 -12 (-39, 14) 0.44
Financial difficulties -11.1 + 28.8 -10.6 + 31.6 -0.6 (-7.7, 6.6) 0.96

EORTC QLQ-H&N35: Symptom burden [the lower the better]®

Pain 2.3(7.8) 2.1 (8.0) -0.2 (-1.7 to 2.1) 0.94
Swallowing 17 £ 60 18 +£83 0.0 (-17,1.7) 0.83
Sensory impairment, taste/smell 43 + 119 47 + 12.2 -0.4 (-3.3,2.5) 0.77
Speech difficulties 28 £92 28+ 95 0.0 (-22,22) 0.70
Difficulties in social eating -23+82 -30 + 118 0.7 (-1.7,3.1) 0.30
Difficulties in social contact -50+ 113 -48 £ 114 -0.2 (2.9, 2.5) 0.96
Less libido -11.6 +£ 253 -8.1+ 287 -3.5(-10.0, 2.9) 0.31
Dental problems 9.4 + 287 10.6 +21.3 -1.2(-7.3,48) 0.28
Mouth opening problems 1.0 + 10.7 19 + 119 -0.9 (-3.6, 1.8) 0.49
Dry mouth 15.6 + 244 239 £ 258 -84 (-14.3, -2.4) 0.02¢
Sticky saliva 8.9 + 204 159 +£25.2 -7.1(-125, -1.6) 0.04¢
Coughing 3.5 + 137 5.6 + 15.4 -2.1(-5.6,1.4) 0.25
Feeling ill -16.0 + 254 -16.9 + 26.8 0.9 (-5.4,7.1) 0.75
Requiring pain killers -5.2 + 33.1 —-13.0 + 44.9 7.9 (-1.5, 4.5) 0.09
Requiring nutrition supplements -23.7 +£ 535 -15.9 + 57.0 -7.8 (-=20.9, 5.4) 0.28
Requiring a feeding tube 0.7 £ 8.6 0.7 + 85 0.0 (-2.0, 2.1) 0.99
Weight loss —54.8 + 54.3 —62.3 + 52.9 7.5 (-5.3,20.3) 0.22
Weight gain 237 £ 492 304 + 521 —-6.7 (-18.8, 5.3) 0.26

Note: A higher score indicates greater symptom severity (on symptom domains) or better health status (on global health status) or function (on
functioning domains).

Abbreviations: Cl, confidence interval; IC, induction chemotherapy; QLQ-C30, the European Organization for Research and Treatment of Cancer
Quality-of-Life Core 30-item questionnaire; QLQ-H&N35, the European Organization for Research and Treatment of Cancer Quality-of-Life Head and
Neck 35-item questionnaire; SD, standard deviation.

2All p values were calculated using the Mann-Whitney U test.

BN = 135 for the post-IC group, and N = 139 for the pre-IC group.

“This p value indicates a statistically significant difference.

4N = 135 for the post-IC group, and N = 138 for the pre-IC group.
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radiotherapy after IC as a valid option to be considered in future
treatment guidelines.
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