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Published online: 10 February 2026 In nasopharyngeal carcinoma, cisplatin is known to be associated with poor
treatment compliance and notable side effects. More effective and safer pla-
tinum drugs are needed for the treatment of patients with nasopharyngeal
carcinoma. In 2021, our multicenter, randomized, phase 3 trial reported that
lobaplatin and fluorouracil induction chemotherapy plus concurrent che-
moradiotherapy resulted in non-inferior survival and fewer toxic effects than
did cisplatin-based therapy in nasopharyngeal carcinoma. Data from the 10-
year survival analysis are updated here. With a median follow-up of 10.6 years
in the intention-to-treat population, 10-year progression-free survival is 70.7%
in the lobaplatin-based therapy group vs. 71.9% in the cisplatin-based therapy
group (HR 1.02, 95% CI 0.72-1.43; log-rank p = 0.885). The difference between
the groups is 1.2% (95% ClI —6.7-9.1, Pon-inferiority = 0.015), which is lower than
the prespecified non-inferiority margin of 10%. The results are similar when we
analyze patients in the per-protocol population. In the univariable and multi-
variable analyses, stage is an independent prognostic factor for progression-
free survival (p = 0.001). The subgroup analyses suggest that the non-
inferiority of lobaplatin-based therapy did not differ among specific popula-
tions. The incidence of late toxic effects is similar between the therapy groups,
except for grades 1-2 peripheral neuropathy (p = 0.033), grades 1-2 deafness/
otitis (p =0.021), and grades 1-2/3 nephrotoxicity (p = 0.005; p = 0.021), the
incidence of which is greater in the cisplatin-based therapy group than in the
lobaplatin-based therapy group. Our findings suggest that lobaplatin and
fluorouracil induction chemotherapy plus lobaplatin-based concurrent che-
moradiotherapy is an alternative doublet treatment strategy to cisplatin-based
concurrent chemoradiotherapy in patients with locoregionally advanced
nasopharyngeal carcinoma.

M Check for updates

e-mail: lvxing@sysucc.org.cn

Nature Communications | (2026)17:2604 1


http://crossmark.crossref.org/dialog/?doi=10.1038/s41467-026-69315-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41467-026-69315-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41467-026-69315-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41467-026-69315-1&domain=pdf
mailto:lvxing@sysucc.org.cn
www.nature.com/naturecommunications

Article

https://doi.org/10.1038/s41467-026-69315-1

Approximately 129,000 new cases of nasopharyngeal carcinoma were
diagnosed globally in 2018, accounting for 0.7% of all cancers
diagnosed'”. Nevertheless, its global geographical distribution is
extremely unbalanced; >70% of new cases are in Southern China,
southeast Asia, and northern Africa'**. Despite recent improvements
in the survival of patients with locoregionally advanced nasophar-
yngeal carcinoma, notable side effects and therapy compliance are still
not satisfactory in patients with this disease*”.

Cisplatin-based induction chemotherapy plus concurrent che-
moradiotherapy is generally recommended as the standard first-line
therapy for locoregionally advanced nasopharyngeal carcinoma.
Nevertheless, cisplatin-based therapy is known to be related to poor
toxicity. Thus, effective and safer platinum drugs for treating locor-
egionally advanced nasopharyngeal carcinoma are needed. Lobaplatin,
a third-generation platinum-based drug, leads to the formation of DNA
adducts and causes cell apoptosis®’. Our phase 2 trial regarding
lobaplatin-based induction chemotherapy plus concurrent chemor-
adiotherapy for stage IlI-IVB nasopharyngeal carcinoma reported
encouraging antitumor activity and safer treatment-related toxicity®. In
2021, our multicenter, randomized, phase 3 trial (No. ChiCTR-TRC-
13003285) compared the efficacy and safety of lobaplatin and induction
chemotherapy plus concurrent chemoradiotherapy with cisplatin and
fluorouracil induction chemotherapy plus concurrent chemor-
adiotherapy in locoregionally advanced nasopharyngeal carcinoma,
with non-inferior 5-year progression-free survival and fewer treatment-
related toxicities*. A durable long-term survival benefit is imperative.

In this work, we sought to determine the 10-year survival and late
toxicity of lobaplatin and fluorouracil induction chemotherapy plus
lobaplatin-based concurrent chemoradiotherapy compared with
those of cisplatin and fluorouracil induction chemotherapy plus
cisplatin-based concurrent chemoradiotherapy in patients with
locoregionally advanced nasopharyngeal carcinoma. The associated
late toxic effects of these therapies were also reported.

Results
Between June 7, 2013, and June 16, 2015, 515 patients were screened for
eligibility, 502 of whom were randomly assigned to receive lobaplatin-
based therapy (n=252) or cisplatin-based therapy (n=250) (Fig. 1).
Measurements of plasma Epstein-Barr virus DNA (EBV-DNA) were
available for 478 patients (237 patients [94%] in the lobaplatin-based
therapy group and 241 patients [96.4%] in the cisplatin-based therapy
group). Baseline characteristics were balanced between the two ther-
apy groups (Table 1).

The data cutoff date for this updated analysis was April 30, 2025.
The median follow-up was 10.6 years (IQR 10.5-10.7) for the intention-
to-treat population. In the intention-to-treat population, 10-year pro-
gression-free survival rate was 70.7% (95% Cl 65.1-76.8) in the
lobaplatin-based therapy group vs. 71.9% (95% Cl 66.4-77.8) in the
cisplatin-based therapy group (HR 1.02, 95% CI 0.72-1.43, log-rank
p = 0.885). The difference between the therapy groups was 1.2% (95% CI
—6.7-9.1%, Pron-inferiority = 0.015), which was lower than the prespecified
non-inferiority margin of 10% (Fig. 2A; Supplementary Table 1). Sixty-
nine of 252 patients (27%) in the lobaplatin-based therapy group and 68
of 250 patients (27.2%) in the cisplatin-based therapy group experi-
enced a progression-free survival event in the intention-to-treat
population. The proportional hazards assumption was met (Supple-
mentary Table 2). There were no differences between the therapy
groups regarding the secondary endpoints of overall survival, locor-
egional recurrence-free survival, and distant metastasis-free survival in
the intention-to-treat population (Fig. 2B-D; Supplementary Table 1).
In the per-protocol population, 10-year progression-free survival rate
was 70.1% (95% CI 64.3-76.3) in the lobaplatin-based therapy group vs.
72.5% (95% Cl 66.9-78.5) in the cisplatin-based therapy group (HR 1.08,
95% CI 0.77-1.52, log-rank p = 0.664) (Supplementary Fig. 1A; Supple-
mentary Table 1). The difference between the therapy groups was 2.4%

(95% CI =5.6-9.5, Pron-inferiority = 0.033), which was lower than the pre-
specified non-inferiority margin of 10% (Supplementary Fig. 1B-D;
Supplementary Table 1). Sixty-eight of 252 patients (27%) in the
lobaplatin-based therapy group and 66 of 250 patients (26.4%) in the
cisplatin-based therapy group experienced a progression-free survival
event in the per-protocol population. The proportional hazards
assumption was met (Supplementary Table 2). Differences were not
observed between the therapy groups in the per-protocol analysis for
the secondary endpoints (Supplementary Fig. 1B-1D, Supplementary
Table 1). Summaries and time points of patients lost to follow-up after
treatment are presented in Supplementary Table 3-4.

In the univariable and multivariable analyses, stage was an inde-
pendent prognostic factor for progression-free survival, locoregional
recurrence-free survival, and distant metastasis-free survival in the
intention-to-treat population and the per-protocol population, mar-
ginal significance for overall survival in the intention-to-treat popula-
tion (Table 2, Supplementary Table 5). Results were similar when we
excluded patients lost to follow-up in the sensitivity analyses (Sup-
plementary Table 6).

At the last follow-up on April 30, 2025, total of 71 (14.1%) patients
of local recurrence (35 of 252 patients [13.9%] in the lobaplatin-based
therapy group vs. 36 of 250 patients [14.4%] in the cisplatin-based
therapy group) and 85 (16.9%) patients of distant metastasis (42 of
252 patients [16.7%] in the lobaplatin-based therapy group vs. 43 of 250
patients [17.2%] in the cisplatin-based therapy group) were observed
(Supplementary Table 7). Fourteen new cases of local recurrence
(2.8%) were observed, including 5 of 252 cases (2.1%) in the lobaplatin-
based therapy group vs. 9 of 250 patients (3.6%) in the cisplatin-based
therapy group). In addition, 12 new cases of distant metastasis (2.4%)
were reported, comprising 8 of 252 cases (3.1%) in the lobaplatin-based
therapy group vs. 4 of 250 cases (1.6%) in the cisplatin-based therapy
group. Furthermore, 70 of 502 cases (16.9%) died, with 35 of 252 cases
(14%) in the lobaplatin-based therapy group vs. 35 of 250 cases (14%) in
the cisplatin-based therapy group (Supplementary Table 8).

We performed subgroup analyses for progression-free survival,
overall survival, locoregional recurrence-free survival, and distant
metastasis-free survival in patients stratified by the following covari-
ates: sex, age, Karnofsky scale, stage, EBV-DNA, and hospital. No
interactions between these covariates and therapy were observed,
irrespective of the intention-to-treat population or the per-protocol
population, suggesting that the non-inferiority of lobaplatin-based
therapy did not differ among specific populations. The details of the
analyses are shown in Fig. 3 and Supplementary Fig. 2.

During the entire therapy and follow-up course, the proportions
of the most common late adverse events (i.e., those occurring in >10%
of patients) were similar between the lobaplatin-based therapy group
and the cisplatin-based therapy group (dry mouth: 189 patients [75%]
vs. 184 patients [73.5%]; deafness/ otitis: 104 patients [41.3%] vs. 138
patients [55.5%]; neck tissue damage: 90 patients [35.7%] vs. 97 patients
[38.9%]). After multivariable analyses, the incidence of grades 1-2
peripheral neuropathy (28 patients [11.2%] vs. 15 patients [6%],
p =0.033), grades 1-2 deafness/otitis (116 patients [46%] vs. 88 patients
[34.9%], p = 0.021), and grades 1-2 nephrotoxicity (22 patients [8.8%]
vs. 6 patients [2.4%], p=0.005) was higher in the cisplatin-based
therapy group than in the lobaplatin-based therapy group. In addition,
the incidence of grade 3 nephrotoxicity (10 patients [4%] vs. 1 patient
[0.4%], p=0.021) was also higher in the cisplatin-based therapy group
compared with the lobaplatin-based therapy group (Table 3). No grade
4-5 late adverse events were recorded. Details of the acute adverse
events in the two therapy groups were reported in our previous study”.
Temporal trends in late toxicities are presented in Supplementary
Fig. 3. Descriptions of patients with missing toxicity data in each
therapy group are showed in Supplementary Table 9.

Details regarding radiotherapy compliance, relative dose inten-
sity, and dose reductions are provided in Supplementary Table 10.
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515 patients assessed for eligibility

13 patients ineligible

|

502 patients randomly assigned

> 8 did not meet the inclusion criteria *
5 refused to participate

| |
l

252 patients assigned to received lobaplatin-based
induction chemotherapy plus concurrent
chemoradiotherapy
(intention-to-treat population)

—— 8 patients lost to follow-up ~ -----

252 patients started induction chemotherapy
(safety analysis population)
0 discontinued the second cycle induction
chemotherapy

6 patients did not receive scheduled

concurrent lobaplatin chemotherapy
3 patient’s decision

3 received radiotherapy and cisplatin
2 had stable disease

2 received radiotherapy and cisplatin
1 had adverse events

1 received radiotherapy alone

l———

246 patients started concurrent chemoradiotherapy
(per-protocol population)

230 patients completed two cycles concurrent
chemoradiotherapy
16 patients discontinued the second cycle concurrent
chemotherapy
12 had adverse events
4 patient’s decision

250 patients assigned to received cisplatin-based induction

chemotherapy plus concurrent chemoradiotherapy
(intention-to-treat population)

—— 10 patients lost to follow-up

EREE]

1 patient received GP regimen
(patient’s decision)

249 patients started induction chemotherapy
(safety analysis population)
7 discontinued the second cycle induction chemotherapy
3 had adverse events
3 patient’s decision
1 died

12 patients did not receive scheduled
concurrent cisplatin chemotherapy
4 had adverse events

4 received radiotherapy alone
4 patient’s decision
2 declined to participate
2 received radiotherapy alone
2 had progressive disease
2 received radiotherapy and other
drugs ®
1 died
1 patient received four cycles
induction chemotherapy

237 patients started concurrent chemoradiotherapy
(per-protocol population)

210 patients completed two cycles concurrent
chemoradiotherapy
27 patients discontinued the second cycle concurrent
chemotherapy «
23 had adverse events
4 patient’s decision

Fig. 1| Trial profile. *One patient without adequate hematological function, two patients without adequate renal function, one patient without adequate hepatic function,
and four patients aged >60 years were excluded. "Other drugs included concurrently administered carboplatin and cetuximab. GP gemcitabine and cisplatin.

Discussion

Clinical trials frequently include multiple endpoints that mature at
different times. The data from updates provide an opportunity to
disseminate additional results of the trial. In this phase 3 trial, the 10-
year survival analysis provided decisive evidence of the efficacy of

lobaplatin and fluorouracil induction chemotherapy plus lobaplatin-
based concurrent chemoradiotherapy in locoregionally advanced
nasopharyngeal carcinoma. Compared with the cisplatin-based ther-
apy group, the lobaplatin-based therapy group demonstrated in non-
inferior 10-year progression-free survival.

Nature Communications | (2026)17:2604


www.nature.com/naturecommunications

Article

https://doi.org/10.1038/s41467-026-69315-1

Table 1| Baseline characteristics

Lobaplatin-based Cisplatin-based p value
therapy group therapy group
2(n=252) b (n=250)

Sex 0.956

Male 182 (72.2%) 180 (72%)

Female 70 (27.8%) 70 (28%)

Age (years) 0.672

Median (IQR)  43.5 (36-50) 44 (36-51)

Karnofsky scale 0.809

90-100 242 (96%) (95.6%)

70-80 10 (4%) (4.4%)

Histology 0.677

WHO Il 12 (5%) 239 (4%)

WHO llI 240 (95%) " (96%)

T category 0.808¢

T 1 (0.4%) 1 (0.4%)

T2 17 (6.7%) 21 (8.4%)

T3 14 (56%) 130 (52%)

T4 93 (36.9%) 98 (39.2%)

N category 0.594

NO 12 (4.8%) 18 (7.2%)

N1 n (28.2%) 70 (28%)

N2 105 (41.7%) 107 (42.8%)

N3 64 (25.4%) 55 (22%)

Stage 0.685

I 13 (44.8%) 13 (45.2%)

IVA 75 (29.8%) 81 (32.4%)

IVB 64 (25.4%) 56 (22.4%)
Epstein-Barr virus DNA °© 0.561
<4000 98 (41.4%) 106 (44%)
copies/mL
> 4000 139 (58.6%) 135 (56%)
copies/mL

Data are n (%) or median (IQR).

IQR interquartile range, WHO World Health Organization. ® Patients in the lobaplatin-based
therapy group received lobaplatin and fluorouracil induction chemotherapy followed by
lobaplatin-based concurrent chemoradiotherapy. ° Patients in the cisplatin-based therapy group
received cisplatin and fluorouracil induction chemotherapy followed by cisplatin-based con-
current chemoradiotherapy. ¢ Available in 478 patients. ¢ p values were calculated with Fisher's
exact test.

Reducing the toxicity associated with treatment should be a
constant endeavor in our field. The significant survival and adverse
effects associated with chemotherapy and radiotherapy for naso-
pharyngeal carcinoma render this effort even more crucial. The
rationale for substituting cisplatin with next-generation platinum salts
during the induction and concurrent phases may imply at least similar
activity, with the benefits of reduced toxicity, improved quality of life,
and increased convenience’. Several studies support these promising
alternative regimens in locoregionally advanced nasopharyngeal car-
cinoma. A retrospective study performed by Liang et al. revealed that
the 5-year progression-free survival rates (68% vs. 79% vs. 70%), 5-year
local relapse-free survival rates (86% vs. 88% vs. 84%), 5-year distant
metastasis-free survival rates (74% vs. 86% vs. 84%), and 5-year overall
survival rates (77% vs. 88% vs. 77%) of cisplatin-based therapy,
carboplatin-based therapy, and lobaplatin-based therapy were similar
in locoregionally advanced nasopharyngeal carcinoma. Notably,
patients in the cisplatin-based therapy group were more susceptible
than those in the lobaplatin-based therapy group to vomiting (any
grade, 96% vs. 64%), leucopenia (>grade 3, 89% wvs. 75%),

nephrotoxicity (any grade, 18% vs. 2%), and dermatitis (> grade 2, 61%
vs. 10%). More late toxicities (e.g., grade 1-2 otitis, grade 1 deafness,
and anygrade superficial soft tissue fibrosis) were also observed in the
cisplatin-based therapy group'. In a meta-analysis of 1907 partici-
pants, significant differences in 5-year progression-free survival
(p=0.64), 5-year locoregional relapse-free survival (p=0.26), 5-year
distant metastasis-free survival (p=0.96), and 5-year overall survival
(p = 0.87) between cisplatin-based chemotherapy and other platinum-
based chemotherapies (e.g., carboplatin, nedaplatin, and lobaplatin)
were not observed. Furthermore, toxicity, including nausea (p = 0.01),
vomiting (p < 0.0001), and weight loss (p = 0.0001), was lower in the
other platinum-based therapy groups". The results of a phase 3 trial
revealed that the 5-year survival rate in the nedaplatin-based therapy
group was not inferior to that in the cisplatin-based therapy group
(progression-free survival rate, 79.8% vs. 81.4%, Proninferiority = 0.002;
locoregional relapse-free survival rate, 92.6% vs. 89.6%, p = 0.17; distant
metastasis-free survival rate, 85.9% vs. 90.4%, p = 0.17; overall survival
rate, 88.8% vs. 89.4%, p = 0.63), with a lower incidence of late grade 3-4
auditory toxic effects (7.7% vs. 21%, p = 0.04)".

We aimed to address this issue by providing high-quality phase 3
data that demonstrated promising results in the exploration of
lobaplatin-based therapy for locoregionally advanced nasopharyngeal
carcinoma. Our final survival analysis served as a confirmatory phase 3
trial to further validate the clinical strategy of lobaplatin-based therapy
for patients with locoregionally advanced nasopharyngeal carcinoma.

Based on evidence available by 2012, platinum combined with
fluorouracil was considered the standard induction regimen for
nasopharyngeal carcinoma®. Accordingly, we designed the che-
motherapy schedules on the basis of these considerations. In a phase 3
trial, Zhang et al. found that the addition of induction therapy with
gemcitabine plus cisplatin to chemoradiotherapy improved
recurrence-free survival among patients with high-risk locoregionally
advanced nasopharyngeal cancer. A 2019 phase 3 trial showed that
the addition of cisplatin, fluorouracil, and docetaxel induction che-
motherapy to concurrent chemoradiotherapy significantly improved
failure-free survival in locoregionally advanced nasopharyngeal carci-
noma with long-term follow-up®. Further validation is required to
determine whether the lobaplatin plus gemcitabine and lobaplatin,
fluorouracil, and docetaxel regimens can be applied to clinical practice
with non-inferior survival and fewer toxic effects.

Chemotherapy combined with radiotherapy is crucial for treating
locoregionally advanced nasopharyngeal carcinoma. At present, the
National Comprehensive Cancer Network guidelines recommend
induction chemotherapy followed by concurrent chemoradiation as
level 2A evidence for stage II-IVA nasopharyngeal carcinoma. Che-
motherapy and radiotherapy inevitably induce acute and late toxi-
cities, and the latter can emerge months or even years after treatment
completion’. These issues highlight the importance of close follow-up.
The investigation of late toxicities is important for long-term patient
well-being. While radiotherapy kills cancer cells, it can also affect sur-
rounding normal tissues. If the radiation field is near the ear or includes
ear structures, the incidence of ear damage increases. Radiation-
induced oxidative stress can destroy inner ear cells and promote cell
damage, inflammation and other post-irradiation effects”. This is
common in radiotherapy for nasopharyngeal carcinoma. Ear damage
can be categorized into the following types, which may occur alone or
simultaneously: external ear damage; middle ear damage, such as
secretory otitis; and inner ear damage, such as sensorineural hearing
loss and tinnitus'®'’. The addition of different chemotherapy regimens
to radiotherapy may influence the incidence of late toxicity?. In this
final analysis, compared with the cisplatin-based regimen, the
lobaplatin-based regimen resulted in a lower incidence of deafness or
otitis in patients with locoregionally advanced nasopharyngeal carci-
noma. Our data are consistent with previous findings regarding the
association between platinum-based chemoradiotherapy and hearing
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Fig. 2 | Kaplan-Meier survival curves for the lobaplatin-based therapy group and the cisplatin-based therapy group in the intention-to-treat population.
A Progression-free Survival, B Overall Survival, C Locoregional Recurrence-free Survival, D Distant Metastasis-free Survival.

impairment. A previous study suggested that patients with locor-
egionally advanced nasopharyngeal carcinoma who received cisplatin-
based therapy had a high incidence of all otological complications
(hearing impairment [46%)], tinnitus [48%], and otorrhea [68%])*°. In a
study by Liang et al., the incidence of hearing impairment was greater
in patients undergoing concurrent cisplatin-based therapy than in
those undergoing concurrent lobaplatin-based therapy'. Cisplatin
induces apoptosis by inhibiting the activity of antioxidant enzymes®.
Some scholars believe that cisplatin has a toxic effect on the stria
vascularis, resulting in a reduction in the endocochlear potential
related to striatal edema®. In 2022, Dillard et al. conducted a meta-
analysis of 66 studies on hearing loss related to platinum-based
treatment; their findings revealed that ototoxicity was less prevalent in
patients treated with carboplatin/nedaplatin/lobaplatin than in those
treated with cisplatin®. Cell apoptosis and significantly increased
antioxidant gene expression were observed in response to only cis-
platin. Cisplatin significantly damages sensory hair cells. Other plati-
num agents are less ototoxic than cisplatin because they likely have
different ototoxic mechanisms than cisplatin does**. Thus, compared
with other platinum agents, radiotherapy-induced ototoxicity and
cisplatin may exhibit a synergistic effect on cochlear damage. Further
rigorous studies are needed to explore this issue.

This trial has several limitations. First, as all patients were sourced
from endemic areas in China where non-keratinizing nasopharyngeal
carcinoma comprises more than 95% of cases, the generalizability of
these findings to non-Asian participants in non-endemic regions needs
to be investigated further. Second, the long-term toxicity data pre-
sented here may not, to some extent, clearly support the premise of
a more favorable toxicity profile. Data completeness over the 10-year
follow-up was inevitably limited and may have led to an under-
estimation of some late adverse events; competing late adverse events
may dilute differences between treatment groups. These considera-
tions highlight the need for further studies with more comprehensive
follow-up to clarify the potential benefits of lobaplatin-based therapy.
Third, quality of life-related data obtained from questionnaires (e.g.,
the Functional Assessment of Cancer Therapy—Head and Neck) were
not collected?, which could have placed data on late toxic effects in
context and helped assess differences in quality of life for patients
receiving lobaplatin-based therapy compared with patients receiving
cisplatin-based therapy.

Taken together, the findings of our 10-year analysis suggest a non-
inferior alternative antitumor efficacy regimen involving the use of
lobaplatin in induction chemotherapy plus concurrent chemor-
adiotherapy while minimizing acute and late toxic effects by
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Table 2 | Summary of univariable and multivariable analyses of prognostic factors in the intention-to-treat population

Univariable analyses

Multivariable analyses

HR (95% CI) p value HR (95% CI) p value
Progression-free survival
Sex ? 1.431 (0.955-2.146) 0.083 1.297 (0.861-1.953) 0.213
Age® 1.005 (0.987-1.023) 0.587 1.006 (0.987-1.025) 0.548
Karnofsky scale ° 0.713 (0.349-1.456) 0.353 0.856 (0.389-1.880) 0.698
Stage ¢ 0.504 (0.352-0.722) <0.001 0.521 (0.358-0.758) 0.001
EBV-DNA *f 0.715 (0.504-1.015) 0.061 0.852 (0.591-1.227) 0.388
Treatment group ° 1.025 (0.733-1.433) 0.885 0.947 (0.664-1.350) 0.764
Hospital " 0.575 (0.346-0.956) 0.033 1.653 (0.843-3.243) 0.144
Overall survival
Sex ? 1.744 (0.955-3.186) 0.070 1.395 (0.755-2.575) 0.288
Age® 1.022 (0.996-1.048) 0.105 1.026 (0.996-1.056) 0.088
Karnofsky scale ° 0.651 (0.237-1.788) 0.406 1.058 (0.347-3.219) 0.921
Stage ¢ 0.570 (0.348-0.934) 0.026 0.610 (0.371-1.004) 0.052
EBV-DNA f 0.666 (0.401-1.105) 0.115 0.741 (0.435-1.261) 0.269
Treatment group ° 0.999 (0.625-1.595) 0.995 0.868 (0.528-1.429) 0.579
Hospital " 0.382 (0.209-0.698) 0.002 0.886 (0.549-1.432) 0.662
Locoregional recurrence-free survival
Sex ? 1.640 (0.914-2.944) 0.097 1.448 (0.800-2.622) 0.222
Age® 0.995 (0.971-1.020) 0.690 0.993 (0.967-1.02) 0.600
Karnofsky scale ° 0.546 (0.220-1.356) 0.193 0.499 (0.178-1.402) 0.187
Stage ¢ 0.412 (0.246-0.692) 0.001 0.436 (0.253-0.751) 0.003
EBV-DNA °f 0.707 (0.433-1.156) 0.167 0.927 (0.555-1.549) 0.773
Treatment group ° 0.993 (0.624-1.581) 0.976 0.970 (0.596-1.580) 0.903
Hospital " 0.516 (0.264-1.008) 0.053 1.653 (0.843-3.243) 0.144
Distant metastasis-free survival
Sex ? 1.590 (0.934-2.705) 0.088 1.502 (0.880-2.562) 0.136
Age® 1.017 (0.994-1.041) 0.155 1.018 (0.993-1.044) 0.155
Karnofsky scale ° 0.690 (0.279-1.703) 0.421 1.025 (0.383-2.747) 0.961
Stage ¢ 0.493 (0.311-0.782) 0.003 0.497 (0.307-0.804) 0.004
EBV-DNA °f 0.627 (0.401-0.983) 0.042 0.757 (0.474-1.208) 0.243
Treatment group ¢ 0.967 (0.632-1.480) 0.878 0.929 (0.600-1.438) 0.741
Hospital " 0.754 (0.377-1.505) 0.423 1.192 (0.596-2.387) 0.619

HR hazard ratio. 95% Cl 95% confidence interval, EBV-DNA Epstein-Barr virus DNA.

p values were calculated with an adjusted Cox proportional-hazards model. All hazard ratios were adjusted for other covariates. * Male vs. female. ® Age per year increase. © 70-80 vs. 90-100. ¢ Stage
Il vs. stage IVA-B. ¢ Available in 478 patients. f < 4000 copies/mL vs. > 4000 copies/mL. ¢ Lobaplatin-based induction chemotherapy plus concurrent chemoradiotherapy group vs. cisplatin-based
induction chemotherapy plus concurrent chemoradiotherapy group. " Sun Yat-sen University Cancer Center vs. other hospitals.

eliminating cisplatin, thereby improving the net benefit for patients
with nasopharyngeal carcinoma.

Methods
Study design and participants
This is a multicenter, open-label, non-inferiority, randomized, con-
trolled, phase 3 trial. The Institutional Ethics Review Board of Sun Yat-
sen University Cancer Center approved the trial protocol (No. B2012-
003-01). The trial was performed in accordance with the principles of
the Declaration of Helsinki and Good Clinical Practice guidelines as
defined by the International Conference on Harmonisation. Written
informed consent was obtained from all patients before enrollment.
Patients could withdraw consent at any time after enrollment and
could discontinue the trial if severe coexisting conditions occurred.
The study design was previously reported*. We enrolled patients
from hospitals in China with previously untreated, non-distant-meta-
static, non-keratinizing, stage IlI-IVB nasopharyngeal carcinoma (7th
edition of the International Union Against Cancer Staging System). To
be eligible for the study, the following inclusion criteria had to be met:
age 18-60 years; a Karnofsky performance status score of at least 70;

loss of no more than 10% of body weight; adequate hematological
parameters (absolute neutrophil count > 2000/puL, platelet count
> 100,000/pL, and hemoglobin concentration > 90 g/L); adequate
renal function (creatinine clearance > 80 mL/min); and adequate
hepatic function (serum bilirubin, alanine aminotransferase, and
aspartate aminotransferase concentrations < 2.0 times the upper limit
of normal). The main exclusion criteria were previous malignancies;
the presence of recurrent or distant metastasis; previous radiotherapy,
chemotherapy, immunotherapy, or surgery; severe coexisting illness;
and pregnancy or lactation. The full list of eligibility and ineligibility
criteria is provided in the Protocol (Supplementary Note 2).

Randomization and masking

Patients were randomly assigned (1:1) to one of four blocks to receive
lobaplatin and fluorouracil induction chemotherapy plus lobaplatin-
based concurrent chemoradiotherapy (lobaplatin-based therapy
group) or cisplatin and fluorouracil induction chemotherapy plus
cisplatin-based concurrent chemoradiotherapy (cisplatin-based ther-
apy group). The identity of each group was known only to the statis-
tician. The clinical trial center of Sun Yat-sen University Cancer Center
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A
Patinets (n/N) HR (95% CI) P
All patients 502 H 1.025 (0.733-1.433)
Sex 1 1 0.631
Male 362/502 | ] 1.070 (0.732-1.563)
Female 140/502 7 i 0.875 (0.427-1.792)
Age ] ] 0.648
<44 years 285/502  |eell— | 0.959 (0.613-1.499)
> 44 years 217/502 | =—{l— 1.124 (0.677-1.866)
Karnofsky scale : : 0.909
>90 481/502 | —— | 1.028 (0.728-1.452)
<90 21/502 el ().886 (0.221-3.561)
Stage ] ] 0.599
11 226/502  pl— | 0.901 (0.499-1.628)
IVA-IVB 276/502 | =—fl—| 1.098 (0.731-1.649)
EBV-DNA 1 1 0.409
<4000 copies/mL  204/502  frellm— | 0.899 (0.515-1.567)
>4000 copies/mL  274/502 | e={rlie— | 1.200 (0.781-1.843)
Hospital site q q 0.847
1 453/502 | —l— | 0.972 (0.679-1.392)
2 49/502 el 0.831 (0.271-2.553)
05 115 2 25 3
Favor lobaplatin-based Favors cisplatin-based
therapy group therapy group
C :
Patinets (n/N) HR (95% CI) Interaction
All patients 502 | —t— 0.993 (0.624—1.581)
Sex 1 1 0.925
Male 362/502  |m—l— 0.979 (0.582-1.646)
Female 140/502 el 1.040 (0.365-2.966)
Age ' ' 0.936
< 44 years 285/502 |l | 1.013 (0.557—1.842)
> 44 years 217/502 et 0.983 (0.469-2.063)
Karnofsky scale : : 0.582
>90 481/502 | e—ll— | 1.026 (0.633-1.662)
<90 21/502 o=l : 0.538 (0.090-3.223)
Stage i i 0.111
I 226/502 At | 0.539 (0.215-1.352)
IVA-IVB 276/502 | eteeli—— 1.273 (0.733-2.210)
EBV-DNA i i 0.195
>4000 copies/mL  204/502  =eliepm— | 0.722 (0.324-1.607)
<4000 copies/mL  274/502 | et 1.380 (0.760-2.506)
Hospital 1 1 0.248
1 453/502  feele— 0.828 (0.498-1.375)
2 49/502 =l 2,616 (0.331-20.678)
T T T T T T

o
n

152 253

Favor lobaplatin-based Favors cisplatin-based
therapy group therapy group

Fig. 3 | Subgroup analysis in the intention-to-treat population. A Progression-
free Survival, B Overall Survival, C Locoregional Recurrence-free Survival, D Distant
Metastasis-free Survival. An unstratified Cox proportional hazards model was used

B
Patinets (n/N) HR (95% CI) P
All patients 502 | —— | 0.999 (0.625-1.595)
Sex 1 1 0.720
Male 362/502  |elli— 0.956 (0.569-1.607)
Female 140/502 =il et | 208 (0.406-3.595)
Age ] ] 0.489
< 44 years 285/502 | el 1.171 (0.597-2.296)
> 44 years 217/502  T=E— | 0.838 (0.436-1.613)
Karnofsky scale : : 0.881
>90 481/502 | =—tp—— | 1.003 (0.619-1.626)
<90 21/502 et (0.822 (0.116-5.850)
Stage ] ] 0.585
il 226/502  fr—tee—— 1.196 (0.536-2.669)
IVA-IVB 276/502 el | 0.905 (0.507-1.614)
EBV-DNA 1 1 0.871
<4000 copies/mL  204/502 it 0.983 (0.434-2.227)
>4000 copies/mL  274/502  |mefllmmmn) 1.066 (0.586-1.938)
Hospital q q 0.112
1 453/502 = 0.735 (0.433-1.247)
2 49/500 ety 3652 (0.474-28.145)
05 115 2 25 3
Favor lobaplatin-based Favors cisplatin-based
therapy group therapy group
D .
Patinets (n/N) HR (95% CI) P, eraction
All patients 502 |e—l— 0.967 (0.632-1.48)
Sex 1 1 0412
Male 362/502 | e—fl— 1.063 (0.661-1.711)
Female 140/502 =t | 0.680 (0.259-1.787)
Age ] ] 0.966
< 44 years 285/502 (el | 0.961 (0.543-1.703)
<44 years 217/502  fr—tlp—| 0.982 (0.52-1.855)
Karnofsky scale : : 0.659
>90 481/502 | =—a— | 0.989 (0.638-1.533)
<90 21/502 e (.639 (0.107-3.836)
Stage ] ] 0.620
I 226/502  frei—— 1.149 (0.531-2.484)
IVA-IVB 276/502 (el | 0.906 (0.544-1.511)
EBV-DNA 1 1 0.897
<4000 copies/mL  204/502 el 0.950 (0.458-1.968)
>4000 copies/mL  274/502 | =—t—— | 1.026 (0.608-1.733)
Hospital q q 0.355
1 453/502  (eelpe— | 0.882 (0.561-1.386)
2 49/502 et fll—— 2.278 (0.282-18.385)
I I I I I I

05 1 152 253

Favor lobaplatin-based Favors cisplatin-based
therapy group therapy group

to calculate HRs and 95% Cls, and to execute the interaction test. HR hazard ratio.
EBV-DNA Epstein-Barr virus DNA. 1 = Sun Yat-sen University Cancer Center.
2 = Other hospitals.

conducted the centralized randomization procedure using a
computer-generated random number code. The investigators and
patients were aware of the therapy group assignment (open-label),
whereas the Central Imaging Review Committee was masked to the
treatment assignment. Several quality control measures were imple-
mented to ensure scientific integrity (Protocol [Supplemen-
tary Note 2]).

The computer-generated random number

Randomization was conducted at the Clinical Trial Center of Sun Yat-
sen University Cancer Center. The computer-generated random num-
ber sequence was generated using a block design with a block size of
four” %, In our trial, the stage and hospital could significantly influence
the treatment. If these characteristics were unevenly distributed

between therapy groups, the evaluation of the results could be affec-
ted. Stratified randomization is an important trial design that divides
participants into several levels on the basis of certain important char-
acteristics and then randomly assigns them within each level. Stratified
analysis is the analysis of survival data using this method, considering
the effect of different stratification factors on survival, which can be
used to accurately evaluate treatment effects®. Blocks of four have
been used in several trials of nasopharyngeal carcinoma®**"*,

Procedures

Pretreatment evaluation included a complete medical history; physical
examination; hematologic and biochemical analyses; nasal endoscopy
or rhinosinusal endoscopy; contrast-enhanced MRI or CT of the
nasopharynx and neck (CT was indicated only in patients with
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contraindications to MRI); chest imaging (X-ray or CT); and liver ima-

¢
KD e
2 B § % g g g K8 § § g 3 ging (external ultrasonography or CT), a bone scan or ®F-FDG PET-CT
[fe} . . . .
% a|S|o|o|c|o|a|d|2|c|c|s s was mandatory for distant metastasis staging. All patients were refer-
2 § . red for a dental examination before therapy. Pretreatment evaluations
Q . . . .
> £2 were performed within 2 weeks before randomization.
z . e s £ 2 perf d within 2 weeks bef d t
5 g % L% g § § § E = ’gru § s g Patients in the lobaplatin-based therapy group received two
- s . . . .
2 |=lc|c|d|8|c|s|s|a|2|o]|s e cycles of induction lobaplatin (30 mg/m?, 2 h intravenously, on days 1
Sz and 22) and fluorouracil (800 mg/m?, continuous 120 h infusion, on
= days 1-5 and 22-26), administered once every 3 weeks. For patients
NN MR AR I RS = 2 . . . . .
AR 8lz|8|9|3|5]|L5(8] 273 assigned to the cisplatin-based therapy group, induction chemother-
PR e S R R R R e R e R R el - apy was given at 3 week intervals as follows: cisplatin at a dose of
§ 9 g 5 100 mg/m?, 4 h intravenously on days 1 and 22, and fluorouracil at a
3% slelslelglelaslt|slely g ¢ dose of 800 mg/m? as a continuous 120 h infusion on days 1-5 and
Lo ~NlOo (x| |o (o] .
f; g - E @ g 2 8 215121215 8 2 ; 22-26. Subsequently, both groups received concurrent chemor-
¢ 73 adiotherapy with either lobaplatin (30 mg/m?, 2 h intravenously) or
% a cisplatin (100 mg/m?2, 4 h intravenously) every 3 weeks on days 43 and
@ g g ?g NER 5 ?g ’g ~| =% 64. Two cycles were given concurrently with intensity-modulated
ol I OS Z radiotherapy (IMRT), according to previously published guidelines®.
o gz The radiotherapy plans were centrally administered and reviewed in
Slolalololglolslol_]_|2 58 accordance with the criteria recommended in international
_ s guidelines®. Dose modifications of chemotherapy due to adverse
2 §; events were permitted as specified in the Protocol (Supplemen-
N = > [0}
i Y|t lalal2lslelalale]l % tary Note 2)
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= S % . . .
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g |© A Rl Al el Rl Al Rl R (= Radiation Morbidity Scoring Scheme of the Radiation Therapy
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£ % B the trial. After the primary treatment was completed, the patients were
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group (492 in total, allowing for a 10% dropout or loss to follow-up)
was required to provide 80% power with a one-sided type I error
rate of 2.5%".

Efficacy analyses were performed in patients who received at least
one cycle of concurrent chemoradiotherapy. The safety analysis
population comprised patients who received at least one cycle of
induction chemotherapy®.

Survival was estimated via the Kaplan-Meier method, with
Greenwood’s formula used to calculate 95% Cls and the log-rank test
used to establish significance. Time-to-event data were censored for
patients who were lost to follow-up and patients with no events
observed at the date of the last follow-up. For patients who had no
observed events, the follow-up times and statuses were recorded
according to the final follow-up visit (April 30, 2025). We generated
hazard ratios with the Cox proportional-hazards model with the
assumption of proportional hazards and assessed them on the basis of
Schoenfeld residuals. The Bonferroni method was applied to control
the type I error in multiple toxicity comparisons.

SPSS (IBM, version 26.0) and SAS (version 9.4) were used for
statistical analyses. The statistical test for the primary endpoint was
one-sided, and p < 0.025 was considered significant. All statistical tests
for the other endpoints were two-sided, and p <0.05 was considered
significant. The database is preserved on the Research Data Deposit
public platform (No. RDDA2021002107). The trial is registered with the
Chinese Clinical Trial Registry (No. ChiCTR-TRC-13003285).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

All requests for data will be reviewed by the clinical site of Sun Yat-sen
University Cancer Center, and the study sponsor, to verify if the
request is subject to any intellectual property or confidentiality obli-
gations. A proposal with detailed description of study objectives and
statistical analysis plan will be needed for evaluation of the request.
Additional materials might also be required during the process of
evaluation. Data are available to request 12 months after the publica-
tion of this article. Requests for access to the De-identified participant
data from this study can be submitted via e-mail to Ivxing@sy-
succ.org.cn with detailed proposal for approval. Please allow one
month for response to requests. A signed data access agreement with
the sponsor is required before accessing the shared data. The study
protocol is available as Supplementary Note 2 in the Supplementary
Information file. The remaining data are available within the Article,
Supplementary Information or Source Data file. Source Data are pro-
vided with this paper. Source data are provided with this paper.
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