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Little is known about the value of adding concurrent chemotherapy (CC) to radiotherapy for stage II nasopha-
ryngeal carcinoma (NPC) with undetectable (0 copies/mL) pretreatment Epstein-Barr Virus (EBV) DNA in the
intensity-modulated radiotherapy (IMRT) era. To address this question, the present study retrospectively re-
Intensity-modulated radiotherapy viewed 514 patients with newly diagnosed stage II NPC and undetectable pretreatment EBV DNA from Sun
Concurrent chemotherapy Yat-sen University Cancer Center between March 2008 and October 2016. Clinical characteristics and survival
Effect outcomes between concurrent chemoradiotherapy (CCRT) and IMRT alone groups were compared. Propensity
score matching analysis was conducted to control for confounding factors. Although CCRT group had signifi-
cantly higher proportions of stage N1 disease than IMRT alone group before matching (85% vs. 61%, p <0.001),
no statistically significant differences were noted for OS (97.8% vs. 98.1%, p=0.700), DFS (93.4% vs. 94.5%,
p=0.846), DMFS (96.0% vs. 96.9%, p = 0.762), and LRFS (97.3% vs. 98.1%, p=0.701). After 1:1 propensity-score
matching, 177 pairs were identified. Patients in each group were found to be well balanced in baseline charac-
teristics and risk factors (all P> 0.05). The five-year OS (96.9% vs. 98.2%, p =0.302), DFS (92.0% vs. 95.2%,
p=0.777), DMFS (95.2% vs. 97.6%, p=0.896), and LRFS (97.3% vs. 97.6%, p = 0.328) rates remain comparable
for both CCRT and RT alone groups. Additionally, subgroup analysis still failed to observe any significant sur-
vival benefit for the addition of CC to IMRT for N1 disease (P>0.05 for all). Our results indicated that IMRT alone
appeared to achieve comparable survival to CCRT for stage II NPC with undetectable pretreatment EBV DNA.

Introduction

A report by the International Agency for Research on Cancer (IARC)
estimated that in 2018, there were 129,079 new cases of nasopharyn-
geal carcinoma (NPC) around the world, where 47.7% of cases were in
Southern China [1]. Radiotherapy (RT) is considered the only curative
starter for non-disseminated disease due to the anatomic constrains and
its high degree of radio-sensitivity. Previous studies including clinical
trials and systematic reviews have reported that the addition of concur-
rent chemotherapy (CC) to RT (CCRT) could improve survivorship for
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stage III-IV NPC without distant metastasis [2,3]. However, the impact
of CC for stage II disease remains not well understood.

Currently, prospective clinical studies on treatment strategy for stage
II NPC remain limited. In a Phase III Trial, Chen et al. observed that
the inclusion of CC to RT was statistically associated with better clin-
ical outcomes for stage II NPC [4]. However, this study was based on
two-dimensional conventional RT (2D-CRT). Gradually, 2D-CRT is be-
ing replaced because of advances in radiation technology. Intensity-
modulated RT (IMRT) is currently the primary means of RT due to supe-
rior locoregional control and improved long-term survival for patients
with NPC [5]. Two studies in the IMRT era documented that the addition
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Table 1

Baseline characteristics in two groups before matching.
Characteristic Total (N=514) RT alone (N=218) CCRT (N=296) pvalue
Gender
Male 376 (73.2) 149 (68.3) 227 (76.7) 0.054
Female 138 (26.8) 69 (31.7) 69 (23.3)
Age, year
<50 319 (62.1) 133 (61.0) 186 (62.8) 0.726
>50 195 (37.9) 85 (39.0) 110 (37.2)
T stage (8th edition)
T1 199 (38.7) 80 (36.7) 119 (40.2) 0.483
T2 315 (61.3) 138 (63.3) 177 (59.8)
N stage (8th edition)
NO 129 (25.1) 85 (39.0) 44 (14.86) <0.001
N1 385 (74.9) 133 (61.0) 252 (85.14)
Smoking history
No 370 (72.0) 160 (73.4) 210 (70.9) 0.582
Yes 144 (28.0) 58 (26.6) 86 (29.1)
Family of cancer
No 328 (63.8) 132 (60.6) 196 (66.2) 0218
Yes 186 (36.2) 86 (39.4) 100 (33.8)
HGB, g/L
<113 16 (3.1) 7 (3.2) 9 (3.0) 0.883
113-151 339 (65.96) 144 (66.1) 195 (65.9)
>151 154 (29.96) 62 (28.4) 92 (31.1)
Unknown 5(0.97) 5(2.3) 0 (0)
hs-CRP, g/mL
<1.0 227 (44.1) 98 (45.0) 129 (43.6) 0.680
1.0-3.0 170 (33.1) 66 (30.3) 104 (35.1)
>3.0 97 (18.9) 41 (18.8) 56 (18.9)
Unknown 20 (3.9) 13 (6.0) 7 (2.4)
LDH, U/L
<245 479 (93.2) 197 (90.4) 282 (95.3) 0.821
>245 20 (3.9) 9 (4.1) 11 (3.7)
Unknown 15 (2.9) 12 (5.5) 3(1.0)
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Abbreviation: HGB, hemoglobin; hs-CRP, high sensitivity C-reactive protein; LDH, lactate
dehydrogenase; RT, radiotherapy; CCRT, concurrent chemoradiotherapy.

of CC to IMRT did not improve survival but rather elevated acute tox-
icity reaction prevalence among stage II NPC patients [6,7]. Besides, a
recent pooled patient data meta-analysis [8] also reported no beneficial
effects on survival from the addition of CC to RT was observed in stage
II NPC. In contrast, Luo and his colleagues [9] reported significantly
better survival for stage II (T2N1MO) disease by the addition of CC to
IMRT. These inconsistences in conclusions from previous studies may
partly result from the biological variability of the tumor itself. It may be
more reasonable to use chemotherapy individually based on risk stratifi-
cation of stage II disease. To our knowledge, pretreatment Epstein-Barr
virus (EBV) DNA (pre-EBV DNA) level is strongly associated with tumor
burden [10], and is useful in risk stratification to guide the treatment
of NPC [11,12]. Considering the low tumor burden among patients that
are stage II NPC and undetectable pre-EBV DNA, we hypothesized that
addition of CC to IMRT may bring minimal benefit for these group of
patients.

Hence, the present study tested this hypothesis by initiating a real-
world study to evaluate the role of adding CC to IMRT for stage II NPC
patients with undetectable pre-EBV DNA. To balance the effect of co-
variates, propensity score matching (PSM) method was utilized to de-
crease potential bias. Our findings will inform clinicians and patients, as
well as serve as a guide for decision making on tailoring therapy among
patients with stage II NPC.

Materials and methods
Patient characteristics
The study included newly diagnosed patients treated at Sun Yat-

Sen University Cancer Centre (SYSUCC) between March 2008 and Oc-
tober 2016. Patients were included if they met the following criteria (1)

pathologically diagnosed undifferentiated carcinoma of the nasophar-
ynx (World Health Organization [WHO] type III); (2) diagnosed stage
II NPC (T2NOMO; T1-2N1MO); (3) received IMRT with or without CC;
(4) Karnofsky performance score (KPS) >70; (5) no prior diagnoses for
other malignancies; and (6) presence of undetectable (0 copies/mL) pre-
EBV DNA. Prior to diagnosis and treatment, an arrangement of clinical
assessments was performed including physical examinations, capturing
medical history, hematology and biochemistry profiles, fiberoptic na-
sopharyngoscopy with biopsy, abdominal sonography or computed to-
mography (CT), magnetic resonance imaging (MRI) of nasopharynx and
neck, whole-body bone scan, and chest radiography CT. Patients in-
cluded in the study were restaged based on the eighth edition of the
American Joint Commission on Cancer (AJCC) staging system [13].

RT and chemotherapy

Patients included in this study received IMRT. Target volumes were
delineated based on the study institution treatment protocol [14]. The
institutional treatment protocol is also in agreement with the Interna-
tional Commission on Radiation Units and Measurements Reports 62
[15] and 83 [16]. Clinical target volumes (CTV) were separately delin-
eated and determined by the tumor invasion pattern. Prescribed doses
were (1) 66-72 Gy to the planning target volume (PTV) of the primary
gross tumor volume of the primary (GTV-P); (2) 64-70 Gy to the PTV for
the nodal gross tumor volume (GTV-N); (3) 60-63 Gy to the PTV of the
high-risk clinical target volume (CTV1); and (4) 54-56 Gy to PTV among
low-risk clinical target volume (CTV2). CTV1 comprised GTV plus the
addition of 5-mm margin and involved the entire nasopharyngeal mu-
cosa plus 5-mm submucosal volume. CTV2 protracted 5-10 mm past the
margin of CTV1, comprising potentially involved regions and lymphatic
regions, unless the CTV2 was adjacent to vital organs (e.g., brain stem,
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Table 2

Baseline characteristics of all 177 pairs of NPC patients.
Characteristic Total (N=354) RT alone (N=177) CCRT (N=177)  pvalue
Gender
Male 240 (67.80) 112 (63.28) 128 (72.32) 0.096
Female 114 (32.20) 65 (36.72) 49 (27.68)
Age, year
<50 212 (59.89) 97 (54.80) 115 (64.97) 0.073
>50 142 (40.11) 80 (45.20) 62 (35.03)
T stage (8th edition)
T1 155 (43.79) 80 (45.20) 75 (42.37) 0.673
T2 199 (56.21) 97 (54.80) 102 (57.63)
N stage (8th edition)
NO 88 (24.86) 44 (24.86) 44 (24.86) 1.000
N1 266 (75.14) 133 (75.14) 133 (75.14)
Smoking history
No 265 (74.86) 134 (75.71) 131 (74.01) 0.821
Yes 89 (25.14) 43 (24.29) 46 (25.99)
Family of cancer
No 222 (62.71) 108 (61.02) 114 (64.41) 0.596
Yes 132 (37.29) 69 (38.98) 63 (35.59)
HGB, g/L
<113 10 (2.8) 6 (3.4) 4 (2.26) 0.238
113-151 243 (68.6) 126 (71.2) 117 (66.10)
>151 97 (27.4) 41 (23.2) 56 (31.64)
Unknown 4(1.1) 4 (2.3) 0 (0)
hs-CRP, g/mL
<1 151 (42.7) 78 (44.1) 73 (41.2) 0.551
1.0-3.0 118 (33.3) 53 (29.9) 65 (36.7)
>3 70 (19.8) 35 (19.8) 35 (19.8)
Unknown 15 (4.2) 11 (6.2) 4(2.3)
LDH, U/L
<245 334 (94.4) 162 (91.5) 172 (97.18) 1.000
>245 10 (2.8) 5(2.8) 5(2.82)
Unknown 10 (2.8) 10 (5.6) 0 (0)
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Abbreviation: HGB, hemoglobin; hs-CRP, high sensitivity C-reactive protein; LDH, lactate
dehydrogenase; RT, radiotherapy; CCRT, concurrent chemoradiotherapy.

spinal cord). If CTV2 was adjacent to vital organs, the extension distance
was decreased to 3-5mm. Patients included in the study were treated
with one fraction daily over 5 days per week. Concurrent chemother-
apy plan included administration of cisplatin (80-100 mg/m?2, i.v.) at
weeks 1, 4, and 7, or cisplatin (40 mg/m?, i.v.) weekly, since the begin-
ning of radiotherapy. Patients who received 5-fluorouracil or docetaxel,
as well as those received targeted therapy or immunotherapy, during
concurrent chemotherapy were excluded.

Quantification of plasma EBV DNA

We extracted and routinely measured Pre-EBV DNA levels using real-
time quantitative polymerase chain reaction (PCR) as previously dis-
cussed in detail in prior publications [11,17]. Supplementary Materials
(available online) describes the methodology used for detecting plasma
EBV DNA. In the sample, undetectable plasma EBV DNA was set at 0
copies/mL.

Data sharing

The authenticity of this article has been validated by uploading
the key raw data onto the Research Data Deposit (RDD) public plat-
form www.researchdata.org.cn, with the approval RDD number of
RDDA2020001560.

Follow-up and end points

We examined patients during the first two years for a minimum of
once every three months. For three to five years, we examined patients
every six months, and annually thereafter. During each clinical exami-
nation follow-up visit, fiberoptic nasopharyngoscopy, and plasma EBV
DNA were routinely performed. Among those with clinical suspicion of

metastasis, they were recommended for MRI, whole-body bone scan,
abdominal sonography, or PET/CT. Additionally, if possible, these pa-
tients were followed by confirmatory cytological biopsies. Overall sur-
vival (OS) was calculated from starting date of treatment to date of
death due to any cause. Disease-free survival (DFS) was measured from
the time of initial date of treatment to first relapse at any site, death
from any cause, or date of last contact (last follow-up visit), whichever
occurred first. Distant metastasis-free survival (DMFS) was calculated
from the first date of treatment to date of distant metastasis. Finally,
locoregional relapse-free survival (LRFS) was computed from date of
treatment to date of first local or regional recurrent or both.

Statistical analysis

Categorical variables were determined according to clinical find-
ings, and we transformed continuous variables into categorical variables
based on previous published study findings [18]. Chi-square test (or
Fisher’s exact test) was used for comparing between CCRT and IMRT
alone groups. To reduce selection bias because of different distributions
for covariables among the two groups and mimic randomized controlled
trials, PSM analysis was performed with a matching ratio of 1:1 through
the nearest-neighbor method with a stringent caliper of 0.05. Using lo-
gistic regression, we computed propensity scores for each patient using
presumed covariates including gender, age, T stage, and N stage. To
calculate actuarial rates, Kaplan-Meier method was used and log-rank
test was performed for calculating differences. Cox proportional haz-
ards models were used to perform multivariate analyses. Additionally,
Cox proportional hazards regression was used to estimate hazard ratios
(HRs) and 95% confidence intervals (CIs). All reported probability val-
ues were two-sided tests, and P< 0.05 was determined to be statistically
significant. All statistical models were performed using R 3.3.2 (The R
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Table 3
Univariate analysis of prognostic factors for Stage II patients.
oS DFS DMFS LRFS
Characteristic HR (95%CI) Pvalue  HR (95%CI) Pvalue  HR (95%CI) Pvalue  HR (95%CI) pvalue
Gender
Male Reference Reference Reference Reference
Female 1.03 (0.33, 3.24) 0.957 0.81 (0.39, 1.70)  0.577 0.80 (0.26, 2.42) 0.689 1.19 (0.42, 3.37) 0.749
Age, year
<50 Reference Reference Reference Reference
>50 3.56 (1.22, 10.44)  0.021 2.24 (1.20, 4.18)  0.012 2.20 (0.87, 5.58) 0.096 1.32 (0.50, 3.47) 0.578
T stage (8th edition)
T1 Reference Reference Reference Reference
T2 0.88 (0.31, 2.48) 0.810 1.59 (0.79, 3.18)  0.191 1.24 (0.46, 3.30) 0.67 2.74 (0.78, 9.54) 0.114
N stage (8th edition)
NO Reference Reference Reference Reference
N1 1.39 (0.39, 4.94) 0.608 1.03 (0.50, 2.11)  0.933 0.86 (0.31, 2.43) 0.783 2.73 (0.62, 11.98)  0.183
Smoking history
No Reference Reference Reference Reference
Yes 1.74 (0.62, 4.89) 0.294 1.58 (0.83, 3.00) 0.162 2.11 (0.83, 5.35) 0.116 0.33 (0.08, 1.45) 0.144
Family of cancer
No Reference Reference Reference Reference
Yes 0.36 (0.10, 1.29) 0.115 0.53 (0.26, 1.07)  0.076 0.64 (0.23, 1.79) 0.394 1.53 (0.58, 4.06) 0.391
HGB, g/L
<113 Reference Reference Reference Reference
113-151 0.00 (0.00, Inf) 1.10 (0.15, 8.14) 0.00 (0.00, Inf) 0.43 (0.05, 3.33)
>151 0.00 (0.00, Inf) 0.856 1.27 (0.17,9.71)  0.899 0.00 (0.00, Inf) 0.275 0.39 (0.04, 3.36) 0.685
hs-CRP, g/mL
<1 Reference Reference Reference Reference
1.0-3.0 7.31 (1.62, 32.99) 1.73 (0.86, 3.48) 2.05 (0.73, 5.76) 1.01 (0.35, 2.93)
>3 2.30(0.32, 16.32)  0.019 1.37 (0.58, 3.28)  0.305 1.20 (0.30, 4.80) 0.366 0.93 (0.25, 3.52) 0.992
LDH, U/L
<245 Reference Reference Reference Reference
>245 0.00 (0.00, Inf) 0.998 0.74 (0.10, 5.38)  0.764 1.52 (0.20, 11.41)  0.685 0.00 (0.00, Inf) 0.998

Abbreviation: HR, hazard ratio; 95% CI, 95% confidence interval; OS, overall survival; DFS, disease-free survival; DMFS, distant metastasis-free
survival; LRFS, locoregional relapse-free survival; HGB, hemoglobin; hs-CRP, high sensitivity C-reactive protein; LDH, lactate dehydrogenase; RT,
radiotherapy; CCRT, concurrent chemoradiotherapy. P values were calculated using an adjusted Cox proportional hazards model.

Table 4 Foundation for Statistical Computing, Vienna, Austria; www.rproject.
Baseline characteristics of the CCRT and RT alone groups in the N1 dis- org).
ease.
Characteristic RT alone (N=133)  CCRT (N=252) pvalue Results
S/S;ser 93 (69.92) 194 (76.98) 0.153 Baseline characteristics of the entire patient
Female 40 (30.08) 58 (23.02)
Age, year In the present study, a total of 514 stage II NPC patients with un-
<50 81 (60.90) 160 (63.49) 0.675 detectable pre-EBV DNA were included. The male-to-female ratio was
?Ss(t)age (8th edition) 52 (39.10) 92 (36.51) 2.7:1 and median age in years was 49 (range, 23-77 years of age). For
T1 80 (60.15) 118 (46.83) 0.018 the overall cohort, median follow-up duration was 69.9 months (in-
T2 53 (39.85) 134 (53.17) terquartile range, 54.9-86.6 months). During the study period, 17 pa-
Smoking history tients (3.3%) exhibited locoregional relapse, 18 (3.5%) developed dis-
No 99 (74.44) 177 (70.24) 0425 tant metastases, and 15 (2.9%) died. Table 1 presents the detail clinical
::fnily of cancer 34 (25.56) 75 (29.76) characteristics. Overall, the fiver-year OS, DFS, DMFS, and LRFS rates
No 80 (60.15) 170 (67.46) 0.199 were 98% (95%CI, 96%-99%), 94% (95%CI, 91%-96%), 96% (95%CI,
Yes 53 (39.85) 82 (32.54) 94%-98%), and 97% (95%CI, 96%-99%) respectively.
HGB, g/L
<113 3(2.3) 8 (3.17) 0.888
113-151 89 (68.9) 170 (67.46) Survival comparison between group CCRT and RT alone
>151 37 (27.8) 74 (29.37)
Unknown 4(3.0) 0(0) 296 patients (57.6%) received CCRT, and 218 (42.4%) received RT
ES{.SRP’ g/mlL 61 (45.9) 111 (44.0) 0416 alone. The baseline characteristics between CCRT and RT alone groups
1.0-3.0 37 (27.8) 90 (35.7) are shown in Table 1. Significant differences were observed for N stage.
>3.0 26 (19.5) 44 (17.5) Those with stage N1 disease were more likely to be treated with CCRT
Unknown 9 (6.8) 8(3.2) (p < 0.001). No differences were observed when comparing both groups
];22'5 UL 120 (90.2) 239 (94.8) 0.786 by age, gender, history of smoking, family history of cancer, HGB, CRP,
5245 4(3.0) ' 10 ( 4.0)' ' LDH and T stage before propensity-score matching (P value > 0.05 for
Unknown 9 (6.8) 3(1.2) all). AS shown in Fig. 1, no statistically associated difference were ob-

served at five-year for OS (97.8% vs. 98.1%; p=0.700; Fig. 1A), DFS
(93.4% vs. 94.5%; p = 0.846; Fig. 1B), DMFS (96% vs. 96.9%; p=0.762;
Fig. 1C), and LRFS (97.3% vs. 98.1%; p=0.701; Fig. 1D) rates between
CCRT and RT alone groups before matching

Abbreviation: HGB, hemoglobin; hs-CRP, high sensitivity C-reactive pro-
tein; LDH, lactate dehydrogenase; RT, radiotherapy; CCRT, concurrent
chemoradiotherapy.
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Fig. 1. Kaplan-Meier survival curves for the CCRT arm and the RT alone arm before matching. (A) Overall survival, (B) disease-free survival, (C) distant metasta-
sis-free survival, and (D) locoregional relapse-free survival. RT, radiotherapy; CCRT, concurrent chemoradiotherapy.

With the use of PSM (1:1), 177 patients who underwent RT alone
were matched with 177 patients who underwent CCRT. After match-
ing, both groups had highly balanced characteristics in host and tumor
factors (all P>0.05; Table 2). Compared with CCRT group, RT alone
group did not have a significant reduction in the five-year actuarial inci-
dence of OS (96.9% vs. 98.2%; p = 0.302; Fig. 2A), DFS (92% vs. 95.2%;
p=0.777; Fig. 2B), DMFS (95.2% vs. 97.6%; p =0.400; Fig. 2C), and
LRFS (97.3% vs. 97.6%; p =0.328; Fig. 2D).

Prognostic factors and subgroup analysis

Table 3. presents the value for potential prognostic factors includ-
ing gender, smoking history, age, family history of cancer, T stage, N
stage, HGB, CRP, and LDH. In the univariate analysis, we observed that
patients aged > 50 years were statistically associated with poorer OS
(HR, 3.56; 95% CI, 1.22-10.44; p=0.021) and DFS (HR, 2.24; 95% CI,
1.20-4.18; p=0.012) rates in comparison with those < 50 years of age,
but not associated with DMFS (HR, 2.20; 95% CI, 0.87-5.58; p=0.096)
and LRFS (HR, 1.32; 95% CI, 0.50-3.47; p=0.578). We did not conduct
multivariate analyses since very limited predictors were identified as
significant in the univariate analyses.

To examine the efficacy of CC among stage N1 disease patients, we
further performed subgroup analysis. A total of 385 N1 patients were
enrolled, including 133 (34.5%) receiving RT alone and 252 patients

(65.5%) receiving CCRT. Table 4 presents the clinical characteristics of
patients in two groups. Patients with stage T2 disease were more likely
to be treated with CCRT (p=0.018). The Kaplan-Meier curves showed
that CCRT was still not statistically associated with improvement at five-
year OS (97.4% vs. 98.4%; p=0.397; Fig. 3A), DFS (93.2% vs. 96.0%;
p=0.821; Fig. 3B), DMFS (96.2% vs. 97.5%; p=0.781; Fig. 3C), and
LRFS (96.8% vs. 97.6%; p = 0.621; Fig. 3D) in comparison with RT alone.

Discussion

According to the National Comprehensive Cancer Network (NCCN)
guideline, CCRT with or without sequential chemotherapy (e.g. in-
duction, or adjuvant chemotherapy) is the current standard treatment
modality for stage III-IV NPC [19]. However, the role of CC in stage II
NPC remains controversial due to absence of phase III randomized trials
in IMRT era. In the present study, IMRT with or without CC was com-
pared to assess the influence of CC in stage II NPC with undetectable
pre-EBV DNA. Our results showed that IMRT alone appeared to achieve
comparable survival to CCRT for stage Il NPC and undetectable pretreat-
ment EBV DNA. Further subgroup analysis also obtained similar results
for N1 disease.

Several retrospective studies have examined in IMRT settings the
efficacy of CC. For instance, a study by Luo et al. investigated and com-
pared clinical outcomes among 69 patients in the CCRT and IMRT group.
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The study did observe an association for poorer LRFS, DMFS, and OS
in the RT alone group for stage IT (T2N1MO) NPC [9]. However, three
other studies [6-8] observed similar outcomes between CCRT and RT
alone groups. Su et al. [7] carried out a study among 249 patients to
compare CCRT with RT alone and indicated that the five-year DMFS
and OS all had no associated differences between two groups. Similar
findings were obtained in another recent retrospective study [7] and
meta-analysis [8]. However, inconsistences in findings may partly re-
sult from the small sample size and heterogeneity of population in these
studies. For example, suppose two NPC patients with T2N1MO disease
come to the clinic, one patient had only retropharyngeal lymph node
involvement, and another had both retropharyngeal lymph node and
unilateral cervical lymph node involvement. If they were both to re-
ceive RT alone, their prognosis may be completely different. We suggest
that the application of traditional staging systems solely for treatment
decision-making may not be reasonable enough for stage II NPC, and
the application of chemotherapy should be individualized according to
the risk stratification of this disease.

Literature have reported that NPC is an EBV-associated cancer [20].
Prior studies have established that patients with higher pre-EBV DNA
levels could be at greater risk of developing disease failure [21 22]. In
recent years, pre-EBV DNA levels were considered to be strongly associ-
ated with tumor burden [10], which could be a supplement to the TNM
staging system to enhance its accuracy and guide individualized treat-

ment strategies [11,23-24]. In this study, all recruited patients had un-
detectable plasma EBV DNA, which was defined as low-risk disease fail-
ure. Our results demonstrated that adding CC to RT could not improve
survival in this population. However, other studies demonstrated that
stage N1 is the greatest risk factor in predicting DMFS and OS among
stage II disease [4,9]. Therefore, further stratified analysis based on N1
category was conducted in the current study. In the current analysis,
we still failed to observe any significant survival benefit over CC in this
group of patients. The possible reasons behind these findings can be as
follows. First, the development of current RT technology has allowed for
“tailoring” dose distribution, resulting in significantly improving clini-
cal outcome and reducing the incidence of toxicities in organs at risk
(OARs) [25-27]. Second, pre-EBV DNA was correlated with tumor bur-
den, and those with undetectable pre-EBV DNA had a relatively low
tumor burden. Therefore, the potential survival benefits gained from
the addition of CC for T1-2N1 disease may be weakened in the IMRT
era. To the best of our knowledge, our study is the first to compare both
CCRT with RT alone for stage II NPC with undetectable pre-EBV DNA.
For patients with stage II NPC, Luo et al. [9] reported patients with
stage NO had significantly superior survival than patients with stage N1.
However, in the current study, clinical outcomes did not differ signif-
icantly between NO and N1 disease, with corresponding five-year DFS
rates of 93.8% and 93.5%. This inconsistency is potentially contributed
to differences between patients included in the study by Luo et al.
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Fig. 3. Kaplan-Meier survival curves for the CCRT arm and the RT alone arm in the subgroup stratified by N1 disease. (A) Overall survival, (B) disease-free survival,
(C) distant metastasis-free survival, and (D) locoregional relapse-free survival. RT, radiotherapy; CCRT, concurrent chemoradiotherapy.

[9] and the study by Luo et al. [9] did not consider pre-EBV DNA status,
which may include more patients with higher malignancy of stage N1
disease in the study. However, only undetectable pre-EBV DNA patients
that were diagnosed stage II NPC were included in this study. In addi-
tion, for this group of patients, the five-year DFS rate was up to 94%,
and only 21 patients (21/385; 5%) suffered disease failure. Considering
the excellent survival of patients with stage Il and undetectable pre-EBV
DNA, the prognostic impact of N category may be narrow for this group.

The present study has several strengths that must be noted. First, we
conducted a head-to-head comparison between patients given RT with
or without CC through PSM. This method allowed for addressing both
divergent confounders and potential selection bias as a result of the ret-
rospective analysis [28]. Second, the study population we selected had
stage II NPC with undetectable pre-EBV DNA, potentially reducing het-
erogeneity of tumors. However, some limitations must be noted. First,
data used in this study were obtained entirely from one center in an en-
demic area, and external validation could not be performed as a result
of deficiency in available per-patient data from other hospitals. For this
reason, the generalizability of our findings to other populations needs
to be validated. Second, treatment-related toxicities were lacking in the
current study. Second, it should be pointed out, patients who had de-
tectable pre-EBV DNA were excluded in this study, and all recruited
patients had undetectable pre-EBV DNA at initial diagnose. Because pre-
EBV DNA level is strongly associated with tumor burden, the study pop-

ulation included in our study may be a low-risk group of stage II NPC.
Hence, randomized clinical trial is still needed to confirm whether our
conclusion is applicable to all of stage II NPC patients.

In conclusion, the present study confirmed that RT alone contributes
to excellent survival for stage II NPC and undetectable pre-EBV DNA
patients. Additionally, the addition of CC to RT failed to improve signif-
icant survival outcomes. Taking into account cost and inconvenience of
CC, RT alone may be a feasible treatment strategy for those with stage
II NPC and undetectable pre-EBV DNA in the IMRT era. Our analysis
provided references for optimizing individualized treatment among pa-
tients with stage II NPC. Relative randomized clinical trial is still needed
to confirm our findings.
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