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Abstract
Background: The optimal cumulative cisplatin dose (CCD) during radiation 
therapy for locoregionally advanced nasopharyngeal carcinoma (LA-NPC) pa-
tients receiving induction chemotherapy (IC) plus CCRT remains controversial. 
This study aimed to explore the treatment efficiency of CCD for high-and low-
risk patients with LA-NPC.
Methods: Data from 472 LA-NPC patients diagnosed from 2014 to 2018 and 
treated with IC plus CCRT were reviewed. After propensity score matching, the 
therapeutic effects of a CCD > 200 and CCD ≤ 200 mg/m2 were evaluated com-
paratively. Five factors selected by multivariate analysis were incorporated to 
develop a nomogram. Subgroup analysis was conducted to explore the role of dif-
ferent CCDs in nomogram-defined high- and low-risk groups. Additionally, acute 
toxicities were evaluated comparatively between the high- and low-CCD groups.
Results: After matching, there was no difference between different CCD groups 
for all patients in terms of 3-year overall survival (OS), distant metastasis-free sur-
vival (DMFS), locoregional recurrence-free survival (LRRFS), or progression-free 
survival (PFS). A nomogram was built by integrating pretreatment EBV DNA, 
clinical stage, and post-IC EBV DNA, post-IC primary gross tumor and lymph 
node volumes obtained a C-index of 0.674. The high-risk group determined by 
the nomogram had poorer 3-year PFS, OS, DMFS, and LRRFS than the low-risk 
group. A total of CCD > 200 mg/m2 increased the survival rates of 3-year PFS and 
DMFS (PFS: 72.5% vs. 54.4%, p = 0.012; DMFS: 81.9% vs. 61.5%, p = 0.014) in the 
high-risk group but not in the low-risk group. Moreover, the high CCD increased 
treatment-related acute toxicities.
Conclusions: A high CCD was associated with better 3-year PFS and DMFS rates 
than a low dose for high-risk patients but could not produce a survival benefit for 
low-risk patients.
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1   |   INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a specific malig-
nancy that is rare worldwide but frequently diagnosed in 
southern China.1,2 Radiation therapy is recognized as the 
mainstay treatment for non-metastatic NPC considering 
its deep-seated anatomical location and high sensitivity 
to radiation.3 Among them, most patients are staged as 
locoregionally advanced disease (LA-NPC), and concur-
rent chemoradiation (CCRT) has been recommended as 
the standard regimen.4–6 It has been widely proven that 
the addition of induction chemotherapy (IC) before CCRT 
is superior to CCRT alone for LA-NPC patients due to its 
high efficacy for improving long-term survival,7–14 estab-
lishing this treatment as one of the most recommended 
care strategies for LA-NPC. However, approximately 20% 
of patients still experience treatment failure.15 Under this 
situation, the question of identifying patients at different 
risk levels of disease progression and guiding individual-
ized treatment is worth exploring.

Cisplatin-based concurrent chemotherapy during 
CCRT is closely associated with a survival benefit.4,6 The 
standard concurrent cisplatin protocols include weekly 
regime (30–40  mg/m2) and 3-weekly regime (100  mg/
m2).5,16,17 A cumulative cisplatin dose (CCD) during radi-
ation therapy of 200 mg/m2 was regarded as the optimal 
dosage in the CCRT era without IC.18 However, the opti-
mal CCD remains controversial for LA-NPC treated with 
both IC and CCRT.

In this study, we evaluated the role of CCD in LA-NPC 
patients receiving IC. Furthermore, a subgroup analysis 
was performed to investigate the treatment efficiency of 
CCD for patients in the high- and low-risk groups based 
on a nomogram. Our findings will help guide the modifi-
cation of the intensity of CCRT.

2   |   MATERIALS AND METHODS

2.1  |  Patients

Between 2014 and 2018, a total of 427 consecutive patients 
in our center were screened for this study if they met 
the following criteria: (1) newly histologically diagnosed 
with stage III-IVa NPC (restaged in accordance with 
AJCC/UICC 8th edition); (2) treated using a combina-
tion of 2 to 4 cycles of IC and single-agent cisplatin-based 

CCRT; (3) without additional adjuvant chemotherapy, 
targeted therapy or immunotherapy; (4) no history of 
antitumor treatment before our study; (5) available clini-
cal information, examination, and follow-up data; and 
(6) no serious diseases or secondary malignancy when 
diagnosed with NPC. The study was approved by the 
Medical Ethics Committee of Guangxi Medical University 
Cancer Hospital. Before treatment, informed consent was 	
acquired from all patients.

2.2  |  Treatment and evaluation

All treatments were performed according to the treat-
ment protocol of our institution. IC regimens included 
the TPF, TP, PF, and GP regimes, which were conducted 
every three weeks for two to four cycles before CCRT. 
Concurrent chemotherapy was triple-weekly cisplatin 
regimen with a dose of 80–100 mg/m2 for one to three cy-
cles. Treatment-related acute toxicities were classified by 
the Common Toxicity Criteria for Adverse Events version 
4.0 (CTCAE 4.0).

All patients underwent radical IMRT. The radiation 
doses of primary gross tumor volume (GTVnx), cervical 
lymph node tumor volume (GTVnd), high-risk clinical 
target volume (CTV1), and low-risk clinical target volume 
(CTV2) were 70.6–72.6 Gy/31–32 f, 60.0–72.3 Gy/30–32 f, 
60–64 Gy/30–32 f, and 54–55.8 Gy/30–32 f, respectively.

The cutoff value for the EBV DNA level after IC 
(post-EBV DNA) was defined as detectable/undetectable 
(1000  copies/ml), whereas the cutoff value for pretreat-
ment EBV DNA level (pre-EBV DNA), post-IC primary 
gross tumor (post-GTVnx), and lymph node (post-GTVnd) 
volumes were set at 7000 copies/ml, 118 and 37 cm3, re-
spectively, based on receiver operator characteristic (ROC) 
curve analyses.

Detailed information on chemotherapy, radiotherapy, 
measurements of EBV DNA level and tumor volumes was 
reported in our previous study19 and is also shown in the 
Supporting Information materials.

2.3  |  Follow-up

Patients received an outpatient examination or tel-
ephone interview follow-up after treatment. All pa-
tients were regularly screened via physical examination, 
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nasopharyngoscopy, and imaging every 3 months for the 
first 2  years after radiotherapy, 6  months for the next 
3 years, and annually thereafter until death. Progression-
free survival (PFS) was the main endpoint. The second-
ary endpoints included overall survival (OS), distant 
metastasis-free survival (DMFS), and locoregional relapse-
free survival (LRRFS). PFS was defined as the date from 
the initiation of histological diagnosis to first disease pro-
gression, death, or last follow-up. OS, DMFS, and LRRFS 
were defined as the date from initiation of histological di-
agnosis to death, first distant metastasis, and first locore-
gional relapse, respectively, or last follow-up.

2.4  |  Nomogram 
development and validation

We performed multivariate Cox regression analyses using 
backward stepwise selection to select the independent 
predictors, which were incorporated to generate a nom-
ogram. The predictive performance of the nomogram 
was evaluated for discrimination and calibration ability. 
Discrimination was measured via Harrell's concordance 
index (C-index), which was calculated for 3-  and 5-year 
PFS rates by 1000 bootstrap resamples.20 The discrimi-
native ability of the nomogram was determined by time-
dependent receiver operating characteristic (tdROC) 
curve analysis.21 Calibration was evaluated using the cali-
bration curve to compare the observed PFS with predicted 
survival. Based on the total score calculated by the nom-
ogram, patients were separated into two risk groups for 
therapeutic value assessment of different CCDs.

2.5  |  Statistical analysis

We used SPSS (version 25.0) and R software (version 3.6.3) 
to complete statistical analyses. Categorical variables (sex, 
pathological type, tumor stage, IC regimen, post-EBV 
DNA, and IC cycles) were classified based on clinical 
knowledge, and numerical variables (age, pre-EBV DNA, 
post-GTVnx, and post-GTVnd) were converted to categor-
ical variables according to the cutoff values determined by 
ROC curve analyses. Categorical variables are presented 
as whole numbers and proportions. The Pearson X2 test or 
Fisher's exact test was used to evaluate the differences in 
proportions of patients' baseline characteristics and acute 
toxicity between the CCD ≤ 200 and CCD > 200 mg/m2 
groups. To minimize the influence of selection bias by po-
tential confounding factors, 1:1 propensity score matching 
(PSM) was conducted to compare baseline clinicopatho-
logical characteristics between the two groups with the 
nearest neighbor-matching method and a caliper of 0.05 

(by the package “Matchlt” in R). Kaplan–Meier analysis 
and the log-rank test were performed to calculate survival 
rates and compare the differences (by the package of “sur-
vival” in R).

The nomogram included all independent predictors 
that were identified by univariable and multivariable 
analyses (by the package “rms” in R). Finally, according 
to the cutoff value of the risk score calculated by a ROC 
curve, the whole cohort was classified into high- and low-
risk groups.

Two-sided p  <  0.05 was regarded as statistically 
significant.

3   |   RESULTS

3.1  |  Patient characteristics and survival 
outcomes

A total of 427 stage III-IVa patients were recruited for this 
study. Of these, 305 patients who received a CCD ≤ 200 mg/m2 	
and 122 patients were treated with a CCD > 200 mg/m2. 
The baseline characteristics of patients grouped by differ-
ent CCDs before and after matching are summarized in 
Table 1. In the original cohort, the outcomes indicated a 
significantly greater percentage of male (p = 0.002) and 
younger patients (p  =  0.01) received a high CCD. Post-
GTVnx (p = 0.031) and post-GTVnd (p = 0.037) were also 
significantly associated with CCD. There was no signifi-
cant association between other clinicopathological fea-
tures and CCD. After one-to-one PSM was conducted, a 
total of 111 pairs were selected for further analysis. The 
median age was 43 years (range, 16−72), 191/222 (86.0%) 
patients were male and 31/222 (14.0%) patients were fe-
male. 87/222 (39.2%) patients were categorized as stage III 
NPC and 135/222 (60.8%) were categorized as stage IVa 
NPC. Baseline characteristics were well balanced between 
the two arms with all P values exceeding 0.169.

The median follow-up duration of the whole cohort 
was 46 months (range, 5−89 months). Upon the last fol-
low-up, 92 patients (21.5%) died, 80 (18.7%) experienced 
distant metastasis, 35 (8.2%) developed locoregional re-
currence, and 130 (30.4%) developed disease progression. 
The 3-year OS, DMFS, LRRFS, and PFS were 86.2%, 83.6%, 
93.2%, 76.5%, respectively, and the 5-year rates were 74.1%, 
78.4%, 90.3%, 65.0%, respectively.

3.2  |  Relationship between CCD and 
clinical outcome

After 1:1 nearest neighbor matching, 111 pairs were se-
lected for the CCD ≤ 200 and CCD > 200 mg/m2 groups, 
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T A B L E  1   Baseline characteristics of the entire cohort before and after matching

Characteristics

Before matching After matching

CCD ≤ 200 
(n = 305)

CCD > 200 
(n = 122) p-value

CCD ≤ 200 
(n = 111)

CCD > 200 
(n = 111) p-value

Age (years) 0.010 0.881

Median (range) 17–73 16–67 17–72 16–67

<50 182 (59.7) 89 (73.0) 81 (73.0) 79 (71.2)

≥50 123 (40.3) 33 (27.0) 30 (27.0) 32 (28.8)

Sex 0.002 0.699

Female 91 (29.8) 19 (15.6) 14 (12.6) 17 (15.3)

Male 214 (70.2) 103 (84.4) 97 (87.4) 94 (84.7)

Pathological type 0.472 0.822

WHO type I/II 32 (10.5) 10 (8.2) 12 (10.8) 10 (9.0)

WHO type III 273 (89.5) 112 (91.8) 99 (89.2) 101 (91.0)

T stage 0.449 0.656

T1 6(2.0) 2 (1.6) 1 (0.9) 2 (1.8)

T2 82 (26.9) 24 (19.7) 29 (26.1) 22 (19.8)

T3 108 (35.4) 46 (37.7) 38 (34.2) 43 (38.7)

T4 109 (35.7) 50 (41.0) 43 (38.7) 44 (39.6)

N stage 0.553 0.970

N0 5 (1.6) 1(0.8) 1 (0.9) 1 (0.9)

N1 90 (29.5) 42 (34.4) 35 (31.5) 35 (31.5)

N2 118 (38.7) 49 (40.2) 42 (37.8) 45 (40.5)

N3 92 (30.2) 30 (24.6) 33 (29.7) 30 (27.0)

Clinical stage 0.925 1.000

III 124 (40.7) 49 (40.2) 43 (38.7) 44 (39.6)

IVa 181 (59.3) 73 (59.8) 68 (61.3) 67 (60.4)

Pre-EBV DNA (copies/ml) 0.699 0.304

<7000 199 (65.2) 82 (67.2) 82 (73.9) 74 (66.7)

≥7000 106 (34.8) 40 (32.8) 29 (26.1) 37 (33.3)

Post-EBV DNA (copies/ml) 0.499 0.764

Undetectable 220 (72.1) 84 (68.9) 82 (73.9) 79 (71.2)

Detectable 85 (27.9) 38 (31.2) 29 (26.1) 32 (28.8)

post-GTVnx (cm3) 0.031 0.652

<118 238 (78.0) 83 (68.0) 82 (73.9) 79 (71.2)

≥118 67 (22.0) 39 (32.0) 29 (26.1) 32 (28.8)

post-GTVnd (cm3) 0.037 0.893

<37 164 (53.8) 52 (42.6) 49 (44.1) 50 (45.9)

≥37 141 (46.2) 70 (57.4) 62 (55.9) 60 (54.1)

IC regimen 0.187 0.169

TPF 263 (86.2) 99 (81.1) 100 (90.1) 92 (82.9)

TP/PF/GP 42 (13.8) 23 (18.9) 11 (9.9) 19 (17.1)

IC cycles 0.968 1.000

2 53 (17.4) 21 (17.2) 18 (16.2) 17 (15.3)

3/4 252 (82.6) 101 (82.8) 93 (83.8) 94 (84.7)

Abbreviations: CCD, cumulative cisplatin dose; EBV, Epstein–Barr virus; GP, cisplatin and gemcitabine; IC, induction chemotherapy; PF, cisplatin and 
5-fluorouracil; post-EBV DNA, post-IC EBV DNA; post-GTVnd, post-IC cervical lymph node tumor volume; post-GTVnx, post-IC primary gross tumor volume; 
pre-EBV DNA, pretreatment EBV DNA; TP, docetaxel and cisplatin; TPF, docetaxel, cisplatin, and 5-fluorouracil; WHO, World Health Organization.
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with balanced baseline characteristics (all p  >  0.05) 
(Table  1). We explored whether patients would benefit 
from a high CCD after PSM. No statistically significant 
differences were detected in the survival of patients in 
the two groups (all p > 0.05). Figure 1 depicts the survival 
curves of the matched groups. Additionally, the univariate 
analysis in the unmatched cohort indicated that CCD was 
not a potential prognostic factor (Table S1).

3.3  |  Prognostic factors

We performed univariate analysis of the candidate vari-
ables that might be predictors based on basic clinical 
knowledge and prognostic factors reported in previous 
studies. The concrete results of the above step are shown 

in Table  S1. According to univariate analysis, the varia-
bles associated with lower survival rates were sex (male), 
advanced age (≥50 years), N stage, clinical stage, higher 
pre-EBV DNA (≥7000  copies/ml), detectable post-EBV 
DNA, and larger post-GTVnx (≥118  cm3), post-GTVnd 
(≥37 cm3) (all p < 0.05). The variables included in mul-
tivariate analyses were prognostic factors identified by 
univariate analysis. The visual details of this step for OS, 
DMFS, LRRFS, and PFS are shown in Table 2. Spearman 
correlation analysis suggested that pre-EBV DNA has 
relationship with post-EBV DNA, with a correlation co-
efficient of 0.523 (p < 0.001). Thus, post-EBV DNA was 
not included in the multivariate analysis in Table 2, and 
another multivariate analysis combining post-EBV DNA 
and other prognostic factors in addition to pre-EBV DNA 
is shown in Table S2. According to multivariate analysis, 

F I G U R E  1   Progression-free survival (PFS) (A), overall survival (OS) (B), locoregional recurrence-free survival (LRRFS) (C), and distant 
metastasis-free survival (DMFS) (D) Kaplan–Meier curves between cumulative cisplatin dose (CCD) ≤ 200 mg/m2 and CCD > 200 mg/m2 
groups within 222 nasopharyngeal carcinoma patients after matching
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pre-EBV DNA, post-EBV DNA, post-GTVnx, post-GTVnd, 
and clinical stage remained independent predictors.

3.4  |  Establishment and 
evaluation of nomogram for PFS

According to the results of multivariable analyses, in-
dependent prognostic factors (pre-EBV DNA, post-EBV 
DNA, post-GTVnx, post-GTVnd, and clinical stage) were 
integrated into a nomogram for PFS (C-index, 0.674; 95% 
CI, 0.627−0.721) (Figure 2A). Furthermore, td-ROC anal-
ysis demonstrated good discriminatory ability (Figure 2B). 
Calibration curves suggested a good association between 
the nomogram predicted and actual observed probabili-
ties (Figure 2C).

3.5  |  Risk stratification

Given the nomogram had good predictive ability, we used 
the nomogram to conduct risk stratification to determine 
the high-risk group (total points  >  19) and the low-risk 
group (total points < 19) by a ROC curve. A significantly 

greater PFS was observed in patients with low risk (3-year 
PFS rate: 83.8% vs. 55.4%; p < 0.001). Similarly, this trend 
was discovered in other 3-year survival rates (OS: 93.0% 
vs. 66.9%; p < 0.001; DMFS: 89.7% vs. 67.6%; p < 0.001; 
LRFS: 94.8% vs. 88.6%; p = 0.050; Figure S1).

3.6  |  Subgroup analysis for the whole 
cohort based on nomogram

Given that patients in different risk subgroups had differ-
ent rates of disease progression, we comparatively evalu-
ated the therapeutic efficacy of high and low CCDs in 
different risk subgroups. For patients with high risk, a total 
of CCD > 200 mg/m2 increased the 3-year PFS and DMFS 
rates compared with a CCD ≤ 200 mg/m2 (PFS: 72.5% vs. 
54.4%, p = 0.012; DMFS: 81.9% vs. 61.5%, p = 0.014) but 
not OS or LRRFS (OS: 75.0% vs. 64.0%, p = 0.084; LRRFS: 
94.8% vs. 85.3%, p  =  0.610) (Figure  3). However, in the 
low-risk group, the application of different CCDs did not 
produce different therapeutic effects on 3-year PFS (89.9% 
vs. 81.6%; p  =  0.297), OS (96.2% vs. 91.9%; p  =  0.989), 
DMFS (91.2% vs. 89.1%; p = 0.691), or LRRFS (96.2% vs. 
94.3%; p = 0.739) (Figure 4).

Characteristics HR (95% CI) p-value

Overall survival

Age (years) (≥50 vs. <50) 1.404 (0.923–2.135) 0.112

Sex (male vs. female) 1.502 (0.872–2.587) 0.142

Clinical stage (IVa vs. III) 1.968 (1.180–3.283) 0.009

Post-GTVnx (≥118 vs. <118) 1.594 (1.028–2.472) 0.037

Post-GTVnd (≥37 vs. <37) 2.318 (1.490–3.607) <0.001

Pre-EBV DNA (≥7000 vs. <7000) 2.035 (1.336–3.100) 0.001

Progression-free survival

Clinical stage (IVa vs. III) 1.645 (1.101–2.457) 0.015

Post-GTVnx (≥118 vs. <118) 1.309 (0.897–1.908) 0.162

Post-GTVnd (≥37 vs. <37) 1.975 (1.379–2.829) <0.001

Pre-EBV DNA (≥7000 vs. <7000) 1.966 (1.384–2.791) <0.001

Distant metastasis-free survival

Clinical stage (IVa vs. III) 1.744 (1.179–2.581) 0.005

Post-GTVnd (≥37 vs. <37) 1.973 (1.377–2.826) <0.001

Pre-EBV DNA (≥7000 vs. <7000) 2.008 (1.417–2.846) <0.001

Note: A Cox proportional hazards regression model was used to detect variables individually without 
adjustment. All variables were transformed into categorical variables. HRs were calculated for age (years) 
(≥50 vs. <50), sex (male vs. female), clinical stage (IVa vs. III), pre-EBV DNA (≥7000 vs. <7000), post-
GTVnx (≥118 cm3 vs. <118 cm3), post-GTVnx (≥37 cm3 vs. <37 cm3).
Abbreviations: CI, confidence interval; HR, hazard ratio. EBV, Epstein–Barr virus; post-GTVnd, post-IC 
cervical lymph node tumor volume; post-GTVnx, post-IC primary gross tumor volume; pre-EBV DNA, 
pretreatment EBV DNA.

T A B L E  2   Multivariable Cox 
regression analysis in the entire cohort
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F I G U R E  2   (A) Nomogram for 3- and 5-year progression-free survival (PFS) in all patients; (B) Nomogram's td-receiver operator 
characteristic (td-ROC) curves for 3- and 5-year PFS; and (C) Nomogram's calibration curves for 3- and 5-year PFS
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3.7  |  Acute toxicity

During the CCRT period, we evaluated the treatment-
related acute toxicity between the CCD  >  200 and 
CCD ≤ 200 mg/m2 groups. Details of the results are pre-
sented in Table 3. A high CCD significantly increased the 
incidences of grade 1–4 acute toxicities compared with 
a low CCD, such as gastrointestinal reactions (94.3% vs. 
74.5%, p < 0.001) and hepatoxicity (ALT increase: 34.4% 
vs. 22.3%, p = 0.014; bilirubin increase, 34.4% vs. 8.5%, 
p < 0.001). However, intergroup differences in AST in-
crease (25.4% vs. 17.7%) and hematological toxicities 
such as leukocytopenia (96.7% vs. 91.1%), neutropenia 
(75.4% vs. 77.7%), anemia (71.3% vs. 72.8%), and throm-
bocytopenia (16.4% vs. 22.0%) were not significant (all 
p > 0.05).

The results of the comparison of grade 3–4 adverse re-
actions showed that a CCD > 200 mg/m2 was associated 
with a greater bilirubin increase (3.2% vs. 0%; p < 0.006) 
However, incidences of other grade 3–4 toxicities were 
comparable between patients receiving high and low 
CCDs.

4   |   DISCUSSION

We undertook this study to explore the efficiency of a 
CCD > 200 mg/m2 in different risk patients with LA-NPC 
treated with IC plus CCRT based on a nomogram. Our 
findings showed that for the whole LA-NPC cohort, all 
survival endpoints did not achieve significant differences 
between the high and low CCD groups. The nomogram 

F I G U R E  3   Progression-free survival (PFS) (A), overall survival (OS) (B), locoregional recurrence-free survival (LRRFS) (C), and distant 
metastasis-free survival (DMFS) (D) Kaplan–Meier curves between cumulative cisplatin dose (CCD) < 200 mg/m2 and CCD ≥ 200 mg/m2 
groups within nomogram-defined high-risk patients
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in our study incorporating pretreatment (clinical stage 
and pre-EBV DNA) and post-IC (post-EBV DNA, GTVnx, 
and GTVnd) risk factors showed satisfactory value in risk 
stratification and has potential for guiding individualized 
decision-making of CCD. A CCD > 200 mg/m2 improved 
the PFS and DMFS of patients in high-risk subgroup iden-
tified by the nomogram but fail to bring significant benefit 
for patients with low risk. In clinical practice, it is crucial 
to identify subgroups that may benefit from a high CCD 
because IC may reduce patients' tolerance to the follow-
ing CCRT.

Regarding the administration of a triple-weekly 
cisplatin-based concurrent chemotherapy regimen, phy-
sicians in most randomized trials and clinical practice 
usually prefer three cycles of chemotherapy for LA-
NPC patients, which makes the CCD over 200  mg/m2. 

However, a substantial proportion of patients failed to 
complete three cycles of chemotherapy due to toxicity 
and treatment costs. Additionally, there is no consensus 
that a CCD > 200 mg/m2 produces the greatest survival 
benefit for NPC patients treated with IC. In the current 
study, we first investigated whether all patients would 
benefit from an increasing CCD. After PSM, we found that 
a CCD > 200 mg/m2 showed similar therapeutic value as 
a CCD ≤ 200 mg/m2. Although a high CCD failed to sig-
nificantly improve survival for all LA-NPC patients, fur-
ther subgroup analyses revealed that high-risk patients 
defined by the nomogram acquired survival benefit from a 
CCD > 200 mg/m2 for 3-year PFS and DMFS rates, while 
patients with low risk did not benefit. We also compared 
the acute toxicities of the different CCD groups during 
the period of CCRT. The most common acute toxicities 

F I G U R E  4   Progression-free survival (PFS) (A), overall survival (OS) (B), locoregional recurrence-free survival (LRRFS) (C), and distant 
metastasis-free survival (DMFS) (D) Kaplan–Meier curves between cumulative cisplatin dose (CCD) < 200 mg/m2 and CCD ≥ 200 mg/m2 
groups within nomogram-defined low-risk patients
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included hematologic toxicities and gastrointestinal re-
actions. Our study also showed that the high CCD group 
could increase the incidences of grade 1–4 acute toxicities. 
If patients experience too many adverse events during 
CCRT, their physical status or fear of acute toxicities 
may decrease their tolerance to subsequent radical radio-
therapy, which may have an adverse effect on survival. 
According to our data, routine practice of three cycles of 
triple-weekly concurrent cisplatin for “all” LA-NPC pa-
tients who have received IC should be reconsidered.

Throughout the long history of treatment, several stud-
ies have explored the optimal CCD for LA-NPC patients. 
Wei et al. indicated that a CCD > 200 mg/m2 was associated 
with better PFS for stage II-IVa NPC patients.22 However, 
patients enrolled in this study received only CCRT with-
out IC. In accordance with some results of our study, an-
other study indicated that for LA-NPC patients treated 
with additional IC, a CCD > 200 mg/m2 failed to signifi-
cantly improve the prognosis for 5-year OS, PFS, DMFS 

and LRFS.23 In addition, Liu et al. demonstrated that pa-
tients with CR/PR could benefit from a CCD ≥ 200 mg/m2 
for DMFS and PFS, but those with SD/PD could not, and 
they also demonstrated that the higher CCD was signifi-
cantly associated with more acute toxicities.24 Wen et al. 
indicated that subgroups with high risk (higher pretreat-
ment EBV DNA level or advanced stage) who received a 
CCD ≥ 200 mg/m2 have better 5-year PFS, OS, and DMFS, 
but there was no difference in the low-risk group between 
high and low CCDs.25 Several studies have also suggested 
that post-IC EBV DNA level and IC cycles would be useful 
factors for assessing the treatment efficiency of CCD.23,26 
The purpose of CC is to yield effective antitumor effects 
based on acceptable toxicity. With the widespread use of 
IC in patients with LA-NPC, a significant number of pa-
tients cannot tolerate a CCD > 200 mg/m2 after IC. Thus, 
finding a more suitable CCD for patients with different 
risks is necessary, which may not only confer a survival 
advantage but also decrease the economic cost and occur-
rence of toxicities.

Pretreatment predictors include some biomarkers and 
initial clinical stages, may not be sufficient to predict the 
prognosis because the primary tumors and metastatic 
lymph nodes usually change after IC. Performing IC prior 
to CCRT provides a unique opportunity to assess the 
chemotherapy sensitivity of tumors, which may contrib-
ute to risk stratification and individualized treatment. In 
our results, five pretreatment and post-IC characteristics 
(clinical stage, pre-EBV DNA, post-EBV DNA, GTVnx, 
and GTVnd) were proven to be independent factors after 
multivariate analyses. Some studies have proved that the 
above five factors have potential value in predicting prog-
nosis of NPC.23,25–28 It seems reasonable that patients at 
high risk should receive more aggressive treatment. Thus, 
we combined the above biomarkers to build a nomogram 
to divide patients into two different risk subgroups and ex-
plored the treatment value of different CCDs between the 
subgroups. We paid attention to not only clinical stage and 
pretreatment EBV DNA level but also post-IC tumor vol-
ume and EBV DNA level as treatment response to IC. The 
nomogram successfully predicted patients' PFS probabili-
ties and assessed the effect of different CCDs on survival. 
Grouping patients based on the nomogram, we observed 
the substantial benefits for both PFS and DMFS from an 
increasing CCD in the high-risk subgroup, while no ben-
efits were observed in low-risk subgroup. In fact, routine 
decision-making requires a comprehensive evaluation of 
not only treatment efficiency, but also patients' tolerance, 
quality of life, financial situation, and so on. Regardless, 
the nomogram has potential to aid in decision making.

Notably, the cutoff value of pre-EBV DNA in our study 
was different from that used in other studies,29,30 which 
used 2000, 1500, and 4000 copies/ml as the cutoff values. 

T A B L E  3   Grade 1–4 acute toxicities during CCRT between the 
two different CCD groups

Variable
CCD ≤ 200 
(n = 305)

CCD > 200 
(n = 122) p-value

Leukocytopenia

All 278 (91.1) 118 (96.7) 0.061

Grade 3/4 95 (31.1) 28 (23.0) 0.091

Neutropenia

All 237 (77.7) 92 (75.4) 0.612

Grade 3/4 63 (20.7) 20 (16.4) 0.346

Anemia

All 222 (72.8) 87 (71.3) 0.811

Grade 3/4 30 (9.8) 8 (6.6) 0.282

Thrombocytopenia

All 67 (22.0) 20 (16.4) 0.196

Grade 3/4 10 (3.3) 2 (1.6) 0.420

AST increase

All 54 (17.7) 31 (25.4) 0.081

Grade 3/4 0 (0) 0 (0) 1.000

ALT increase

All 68 (22.3) 42 (34.4) 0.014

Grade 3/4 1 (0.3) 1 (0.8) 0.490

Bilirubin increase

All 26 (8.5) 42 (34.4) < 0.001

Grade 3/4 0 (0) 4 (3.2) 0.006

Gastrointestinal reactions

All 221 (72.5) 115 (94.3) < 0.001

Grade ¾ 23 (7.5) 9 (7.4) 1.000

Abbreviations: ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; CCD, cumulative cisplatin dose.
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We defined cutoff value according to our data by a ROC 
curve, which would be a reasonable method. In the current 
study, the cutoff value of 7000 copies/ml could successfully 
reflect intrinsic relationship of pre-EBV DNA and survival 
outcome. Although the cutoff value of pre-EBV DNA was 
distinct among different studies, the results suggested that 
pretreatment EBV DNA level could serve as an effective 
marker in predicting survival prognosis and guiding thera-
peutic decision. However, it should be noted that common 
laboratory quantitative method could be considered to re-
duce variability in plasma EBV DNA levels before our cut-
off value could be applied widely in clinical practice.

Overall, our findings support the recommendation of a 
CCD > 200 mg/m2 for high-risk patients. This result could 
possibly be explained. High-risk patients had a greater 
tumor burden and less sensitivity to IC, which may con-
tribute to the higher risk of disease progression. Some of 
these patients may have subclinical micrometastases at the 
initial diagnosis and may not benefit significantly from IC, 
thus, they may need intensified therapy to further reduce 
the risk of treatment failure. Concurrent chemotherapy 
can not only play a role in radiotherapy sensitization but 
also contribute to the eradication of tumor micrometas-
tasis. Therefore, an increasing CCD might provide effec-
tive value for longer survival in these patients. However, 
the low-risk subgroup had relatively satisfactory survival 
outcomes with a low CCD. Meanwhile, chemotherapy-
related acute toxicities such as hepatoxicity, hematologi-
cal toxicities, and gastrointestinal reactions may influence 
the implementation of radiotherapy. Discontinuing or 
prolonging treatment can reduce therapeutic efficacy.31,32 
Therefore, intensified treatment may be needed for high-
risk patients if they can tolerate such therapy according to 
thorough assessment during therapy, and timely screening 
of low-risk patients should be implemented for deintensi-
fication of their treatment. This nomogram has good ap-
plication potential for clinical practice. Doctors could use 
our nomogram to assess the degree of risk in LA-NPC pa-
tients after IC and decide whether to conduct a high CCD. 
However, we cannot ignore the fact that some patients at 
a high-risk level still experienced treatment failure after 
receiving a high CCD, indicating that other adjuvant 
therapies, such as immunotherapy and targeted therapy, 
could also be taken into consideration for this subgroup 
to improve the treatment efficiency and finally increase 
survival rates on the basis of a high CCD.33–37

The current study has some limitations. First, although 
we conducted PSM and multivariate analyses to minimize 
bias, inherent selective bias was unavoidable because of 
the retrospective nature of the study. Further prospective 
trials are needed to validate the conclusion. Second, the 
study patients were a relatively heterogeneous group with 
advanced stage who received IC plus CCRT. Hence, the 

sample size may not be adequate. We expect a larger study 
population in the future if possible.

In conclusion, this study demonstrated that high- and 
low-risk groups identified by the nomogram benefit differ-
ently from a CCD > 200 mg/m2 and thus deserve different 
treatment strategies. An increasing CCD would improve 
the treatment efficacy for high-risk patients but not for 
low-risk patients.
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