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Purpose: To assess gross tumor regression and plasma Epstein–Barr virus (EBV)-DNA levels at the end of
intensity-modulated radiation therapy (IMRT) and its prognostic impact on patients with nasopharyngeal
carcinoma (NPC).
Participants and Methods: In total, 397 patients with non-metastatic, histologically confirmed NPC were
retrospectively examined. All patients underwent magnetic resonance imaging of the nasopharynx and
neck, and plasma EBV DNA assays before treatment and at the end of IMRT.
Results: The estimated 5-year loco-regional, local and regional relapse-free survival rates for patients
with complete response (CR) and non-CR of the total tumor, primary tumor and metastatic lymph nodes
at the end of IMRT were 94.9% vs. 85.8%, 96.6% vs. 87.3%, and 98.7% vs. 89.8%, respectively (P < 0.05). The
estimated 5-year loco-regional relapse-free survival (LRRFS) rates for patients with persistent tumor with
and without boost irradiation were 95.3% vs. 83%, respectively (P = 0.034). The estimated 5-year overall
survival (OS), failure-free survival (FFS) and distant metastasis-free survival (DMFS) rates for patients
with negative and positive plasma EBV DNA at the end of IMRT were 83.1% vs. 50.3%, 81.5% vs. 49.3%,
and 87.6% vs. 61.5%, respectively (P < 0.001). Multivariate analyses indicated that regression of the total
tumor and boost irradiation was an independent predictor of LRRFS, and plasma EBV DNA levels were
independent predictors of OS, FFS and DMFS.
Conclusions: Gross tumor regression and plasma EBV DNA levels at the end of IMRT served as predictors
of poor prognosis for patients with NPC. The patients with persistent tumor and/or positive plasma EBV
DNA might require timely strengthening treatment.
� 2018 The Authors. Published by Elsevier B.V. Radiotherapy and Oncology 132 (2019) 223–229 This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Radical radiotherapy (RT) is the first treatment option for non-
metastatic nasopharyngeal carcinoma (NPC). Intensity-modulated
radiation therapy (IMRT) was a milestone development in RT tech-
nology, as IMRT can provide a high conformal radiation dose to the
tumor target area while effectively decreasing the dose to the sur-
rounding normal tissues. IMRT, instead of 2-dimensional RT (2-
DRT) and 3-dimensional conformal RT (3-DCRT), is currently more
commonly used to treat NPC, due to the associated better tumor
control and lower RT-related toxicities [1–5]. The 5-year overall
survival (OS), 5-year local relapse-free survival (LRFS), 5-year
regional relapse-free survival (RRFS), and 5-year distant
metastasis-free survival (DMFS) rates of patients with NPC treated
with IMRT ranged from 74% to 84%, 83% to 95%, 91% to 97%, and
83.3% to 85.6%, respectively [6–10].

Both loco-regional relapse and distant metastasis are the main
reasons of treatment failure in patients with NPC [6–10]. Due to
the poor survival of patients with loco-regional relapse and distant
metastasis, some effective therapy should be done to prevent treat-
ment failure [11–13]. Nowadays, the treatment strategy of NPC
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patients is mainly based on clinical tumor stage and plasma
Epstein–Barr virus (EBV) DNA levels before treatment [14]. How-
ever, little is timely done to patients with poor treatment effect
at the end of RT instead of observation in follow-up.

Only few studies have assessed the relationship between tumor
regression and survival outcome in patients with NPC. The previ-
ous study found that the regression speed of the primary tumor
(PT) after RT was an independent prognostic factor of OS, failure-
free survival (FFS), and DMFS in NPC patients. However, that study
had several limitations. First, it only evaluated the prognostic fac-
tor of tumor regression for the PT, and did not include metastatic
neck lymph nodes. Second, 2-DRT and 3-DCRT were used instead
of IMRT due to limited medical resources. Third, all patients were
treated with RT alone or with concurrent chemoradiotherapy,
and did not receive neoadjuvant chemotherapy or adjuvant
chemotherapy [15].

Besides gross tumor regression, plasma EBV DNA levels are
monitoring indexes during NPC treatment in the clinic. There have
been a number of studies confirming that plasma EBV DNA levels
are important prognostic factors before treatment, and it is also
an indicator warning tumor relapse in follow-up of NPC patients
[16–18]. However, it is a lack of studies on the influences of plasma
EBV DNA levels at the end of IMRT on survival of NPC patients.

The prognostic impact of gross tumor regression and plasma
EBV DNA levels at the end of IMRT on long-term survival in NPC
patients remains unknown. If patients with poor tumor regression
and positive plasma EBV DNA at the end of IMRT are at high risk of
treatment failure, these patients may require timely strengthening
treatment. In the present retrospective study, we aimed to assess
gross tumor regression and plasma EBV DNA levels at the end of
IMRT and evaluate the prognostic significance in NPC patients.
Participants and methods

Patient characteristics

The Institutional Review Board of the study institute approved
this retrospective study. Informed consent was obtained from all
the patients. The key raw data have been uploaded onto the
Research Data Deposit public platform (RDD), with the approval
number of RDDA2018000862. Between June 2010 and March
2014, 397 consecutive patients with newly diagnosed, histologi-
cally proven, non-metastatic NPC treated with IMRT at the study
institute were included. All patients had the non-keratinizing
pathological type, and included 298 men and 99 women (male:fe-
male ratio, 3:1), with a median age of 47 years (range, 17–
80 years).

Pretreatment examination included medical history taking,
physical examination, hematology and biochemistry profiles,
plasma EBV DNA copy number, nasal endoscopy and biopsy, chest
radiography, abdominal ultrasound, bone scan, and magnetic reso-
nance imaging (MRI) of the nasopharynx and neck. All the patients
were then restaged according to the 8th edition of the American
Joint Commission on Cancer staging system (AJCC) [19]. The stage
distribution was as follows: 104/397 (26.2%) with T1, 59 (14.9%)
with T2, 137 (34.5%) with T3, and 97 (24.4%) with T4; 47 (11.8%)
with N0, 225 (56.7%) with N1, 90 (22.7%) with N2, and 35 (8.8%)
with N3; and 21 (5.3%) with stage I, 96 (24.2%) with stage II, 154
(38.8%) with stage III, and 126 (31.7%) with stage IVa.
Treatment

All patients were treated using IMRT. The target volumes were
delineated according to the RTOG IMRT protocols as described pre-
viously [20–22]. Boost irradiation was administered, if necessary,
to the PT or MLNs with obvious residual disease at the end of RT,
and did not exceed 16 Gy. In total, 46 patients (46/397, 11.6%)
received boost irradiation, including 33 patients treated with
brachytherapy, 12 patients treated with 2D-RT, and 1 patient trea-
ted with IMRT.

Chemotherapy was given based on the principles of treatment
for NPC patients at the study institute [22]. In total, 92.1%
(258/280) patients with stage III-IVa NPC received chemotherapy:
162 received induction chemotherapy + concurrent chemotherapy,
66 received concurrent chemotherapy, 29 received induction
chemotherapy, and only 1 patient received adjuvant chemother-
apy. In the event of documented relapse or persistent disease, sal-
vage treatments such as RT, surgery, or chemotherapy were
administered when appropriate.
Image assessment

All patients underwent MRI of the nasopharynx and neck before
the initiation of treatment and at the end of RT. The second MRI
examination would be scheduled on the day of the last RT fraction,
or 1–2 days before or after the last fraction. Two radiologists, with
certifications of professional diagnostic imaging and with clinical
focus on head and neck cancer (>10 years’ experience), evaluated
the magnetic resonance images separately. Any discord in the eval-
uation was resolved by consensus every 2 weeks. The metastatic
lymph nodes (MLNs) were diagnosed based on the criteria recom-
mended by Van et al. and Mao et al. [23–24]. Diagnostic criteria of
tumor residue were based on the criteria recommended by Lv et al.
[25]. The maximum tumor diameter (MTD) of the PT, metastatic
retropharyngeal lymph nodes (RLNs), and metastatic neck lymph
nodes (NLNs) was measured separately. The RLNs would be consid-
ered as part of the PT if it was difficult to distinguish between
them. The method applied for measuring MTD was based on the
previous study [15]. The total MTD was estimated as the sum of
the MTD of the PT and MLNs. Tumor regression was evaluated
based on the change in the total MTD before treatment and at
the end of RT. Tumor regression was divided into 4 levels: com-
plete response (CR), partial response (PR), stable disease (SD),
and progressive disease (PD), according to the Response Evaluation
Criteria in Solid Tumors (RECIST) [26].
Evaluation of plasma EBV DNA levels

The plasma EBV DNA levels were measured using real-time
quantitative polymerase chain reaction (PCR) before and after
treatment as described previously [27]. Plasma DNA was extracted
and RT-PCR was performed basing on the EBV PCR fluorescence
quantitative diagnostic kit (Da-AN Genetic Diagnostic Center, Sun
Yat-Sen University). The assay was developed for detection of
plasma EBV DNA and targeted the BamHI-W region of EBV gen-
ome. At the study institute, plasma EBV DNA copy number
<1000 copies/ml was defined as negative, �1000 copies/ml as
positive.
Follow-up

Patients were assessed every 3 months during first 2 years after
RT, and every 6 months thereafter. The median follow-up duration
of the entire group was 66 months (range, 5–96 months).

OS was measured from the first day of treatment to the date of
death from any cause. FFS was defined as the first occurrence of
tumor failure at any site. LRFS, RRFS, and DMFS were recorded as
the first local, regional, or remote failure, respectively. Distant
metastases were diagnosed based on the clinical symptoms, phys-
ical examination findings, and results of imaging methods such as
radiography, abdominal sonography, bone scan, computed tomog-
raphy (CT), MRI, and positron emission tomography-computed
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tomography (PET-CT). Locoregional recurrence was diagnosed
based on fiberoptic endoscopy, biopsy, MRI, and PET-CT.
Statistical analysis

All analyses were performed using SPSS software version 22.0
(IBM Corporation, Armonk, NY, USA). Actuarial rates were calcu-
lated using the Kaplan–Meier method and compared using the
log-rank test. Multivariate analyses with the Cox proportional haz-
ards model were used to identify significant independent prognos-
tic factors by backward elimination. The parameters included in
the Cox proportional hazards model were: age (�45 years vs.
>45 years), sex (male vs. female), chemotherapy (yes vs. no), boost
irradiation (yes vs. no), T category (T1-2 vs. T3-4), N category (N0-1
vs. N2-3). The criterion for statistical significance was set at
a = 0.05; P-values were based on two-sided tests.

Results

Gross tumor regression and plasma EBV DNA at the end of IMRT

At the end of IMRT, among 397 patients, regression of the total
tumor was noted in 191 (48.1%) patients with CR, 194 (48.9%) with
PR, 11 (2.8%) with SD, and 1 (0.3%) with PD. Among 397 patients,
regression of the PT was noted in 250 (63%) patients with CR,
119 (30%) with PR, 27 (6.8%) with SD, and 1 (0.3%) with PD. Among
350 patients, regression of MLNs, including the RLN and NLN, was
noted in 241 (68.9%) patients with CR, 96 (27.4%) with PR, 11 (3.1%)
with SD, and 2 (0.6%) with PD.

Among 397 patients, before treatment, positive plasma EBV
DNA was noted in 136 (34.3%) patients. At the end of IMRT, posi-
tive plasma EBV DNA was noted in 34 (8.6%) patients. The positive
plasma EBV DNA rate in patients with non-CR of the total tumor
was not significantly higher than that in patients with CR at the
end of IMRT (9.7% vs. 7.3%, P = 0.397).
Prognostic value of regression of the total tumor at the end of IMRT

Based on the regression of the total tumor at the end of IMRT,
397 patients were divided into 2 groups: 191 patients with CR
and 206 patients with non-CR. The estimated 5-year OS rates for
patients with CR and non-CR were significantly different (86% vs.
75.1%, hazard ratio [HR]: 1.756, 95% confidence interval [CI]:
1.140–2.704, P = 0.009; Fig. 1A). The estimated 5-year FFS rates
were 83.3% and 76.5%, respectively (HR: 1.618, 95% CI: 1.043–
2.510, P = 0.030; Fig. 1B); similarly, the 5-year LRRFS rates were
94.9% and 85.8%, respectively (HR: 2.841; 95% CI: 1.384–5.831,
Fig. 1. Prognostic comparison of 397 patients with complete response (CR) and non-c
radiation therapy. (A) Overall survival. (B) Failure-free survival. (C) Loco-regional relaps
P = 0.003; Fig. 1C), whereas the 5-year DMFS rates were not signif-
icantly different (84.9% vs. 85.8%, P = 0.802). On multivariate anal-
yses, regression of the total tumor at the end of IMRT was found to
be an independent prognostic factor of LRRFS (HR = 3.446, 95% CI:
1.699–7.117, P = 0.001; Table 1).
Prognostic value of regression of the primary tumor at the end of IMRT

Based on regression of the PT at the end of IMRT, 397 patients
were divided into 2 groups: 250 patients with CR and 147 patients
with non-CR. The estimated 5-year OS rates for patients with CR
and non-CR were 85.6% and 71.5%, respectively (HR: 1.926, 95%
CI: 1.273–2.912, P = 0.002; Fig. 2A). The estimated 5-year LRFS
rates were also significantly different (96.6% vs. 87.3%, HR: 3.156,
95% CI: 1.444–6.896, P = 0.002; Fig. 2B), whereas the 5-year FFS
rates were approximately statistically different (81.9% vs. 73.1%,
HR: 1.495, 95% CI: 0.975–2.293, P = 0.063; Fig. 2C). However, the
5-year DMFS rates were not significantly different (86% vs. 84.2%;
P = 0.621). On multivariate analyses, regression of the PT at the
end of IMRT was found to be an independent prognostic factor of
OS (HR = 1.686, 95% CI: 1.095–2.597, P = 0.018) and LRFS
(HR = 2.941, 95% CI: 1.294–6.687, P = 0.010; Supplementary
Table 1).
Prognostic value of regression of metastatic lymph nodes at the end of
IMRT

Based on the regression of MLNs at the end of IMRT, 350
patients were divided into 2 groups: 241 patients with CR and
109 patients with non-CR. The estimated 5-year OS rates were sig-
nificantly different between patients with CR and patients with
non-CR (81.7% vs. 72.9%, HR: 1.649, 95% CI: 1.075–2.532,
P = 0.020; Fig. 3A). The estimated 5-year FFS rates were signifi-
cantly different (80% vs. 67.7%, HR: 1.763, 95% CI: 1.144–2.717,
P = 0.009; Fig. 3B). The estimated 5-year RRFS rates were 98.7%
and 89.8%, respectively (HR: 8.572, 95% CI: 2.391–30.732,
P < 0.001; Fig. 3C), whereas the 5-year DMFS rates did not signifi-
cantly differ (84.6% vs. 81.8%, P = 0.526). On multivariate analyses,
regression of the MLNs at the end of IMRT was found to be an inde-
pendent prognostic factor of RRFS (HR = 7.387, 95% CI:1.979–
27.577, P = 0.003; Supplementary Table 2).
Value of boost irradiation in patients with persistent tumor at the end
of IMRT

Of 206 patients with persistent tumor at the end of IMRT, 162
were not treated with boost irradiation and 44 were treated with
omplete response (non-CR) of the total tumor at the end of intensity-modulated
e-free survival.



Table 1
Multivariate analyses of prognostic factors in 397 nasopharyngeal carcinoma patients treated with intensity-modulated radiation therapy.

Endpoint Variable HR 95% CI P valuey

OS T category� 2.281 1.390–3.744 0.001
N category� 2.152 1.400–3.306 <0.001
EBV DNA 2.321 1.314–4.098 0.004

FFS T category� 1.709 1.057–2.762 0.029
N category� 2.000 1.286–3.110 0.002
EBV DNA 2.813 1.607–4.925 <0.001

LRRFS Gross tumor regression 3.446 1.699–7.117 0.001
Boost irradiation 4.278 1.018–17.970 0.047

DMFS T category� 2.130 1.134–4.000 0.019
N category� 2.434 1.406–4.213 0.001
EBV DNA 2.831 1.473–5.439 0.002

The parameters included in the Cox proportional hazards model were: age (�45 years vs. >45 years), sex (male vs. female), chemotherapy (yes vs. no), boost irradiation (yes
vs. no), T category (T1-2 vs. T3-4), N category (N0-1 vs. N2-3), gross tumor regression of total tumor (CR vs. non-CR) and plasma EBV DNA at the end of IMRT (negative vs.
positive).
*HR, hazard ratio; CI, confidence interval; OS, overall survival; FFS, failure-free survival; LRRFS, loco-regional relapse-free survival; DMFS, distant metastasis-free survival.
y P values were calculated using an adjusted Cox proportional-hazards model.
� According to the 8th edition of the American Joint Commission on Cancer staging system.

Fig. 2. Prognostic comparison of 397 patients with complete response (CR) and non-complete response (non-CR) of the primary tumor (PT) at the end of intensity-modulated
radiation therapy. (A) Overall survival. (B) Local relapse-free survival. (C) Failure-free survival.
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boost irradiation. The estimated 5-year LRRFS rates for patients
with and without boost irradiation treatment were 95.3% and
83% (HR: 4.173, 95% CI: 0.992–17.551; P = 0.034; Fig. 4). The esti-
mated 5-year OS, FFS, and DMFS rates for patients treated with
boost irradiation and not treated with boost irradiation were
79.5% and 73.9% (P = 0.129), 84.1% and 71.6% (P = 0.069), and
86.4% and 85.7% (P = 0.860), respectively. On multivariate
analyses, boost irradiation was found to be an independent
prognostic factor of LRRFS (HR = 4.278, 95% CI: 1.018–17.970,
P = 0.047; Table 1).
Prognostic value of plasma EBV DNA at the end of IMRT

Based on the plasma EBV DNA levels at the end of IMRT, 397
patients were divided into 2 groups: 363 patients with negative
EBV DNA and 34 patients with positive EBV DNA. The estimated
5-year OS rates for negative patients and positive patients were
83.1% and 50.3%, respectively (HR: 3.491, 95% CI: 2.026–6.017,
P < 0.001; Fig. 5A); similarly, the 5-year FFS rates were 81.5% and
49.3%, respectively (HR: 3.885; 95% CI: 2.275–6.636, P < 0.001;
Fig. 5B). The estimated 5-year DMFS rates were significantly
different (87.6% vs. 61.5%, HR: 4.268, 95% CI: 2.292–7.950,
P < 0.001; Fig. 5C), whereas the 5-year LRRFS rates were not
significantly different (91% vs. 79.2%, P = 0.086). On multivariate
analyses, the plasma EBV DNA levels at the end of IMRT were found
to be the independent prognostic factors of OS (HR = 2.321, 95% CI:
1.314–4.098, P = 0.004), FFS (HR = 2.813, 95% CI: 1.607–4.925,
P < 0.001) and DMFS (HR = 2.831, 95% CI: 1.473–5.439, P = 0.002;
Table 1).
Discussion

In the present study, we found that regression of the total
tumor at the end of IMRT was an important prognostic factor of
LRRFS in NPC patients, and also observed a relationship between
regression of the PT and LRFS, and regression of the MLNs and
RRFS. Boost irradiation might improve LRRFS in NPC patients with
persistent tumors at the end of IMRT. Furthermore, the plasma EBV
DNA levels at the end of IMRT are the independent prognostic fac-
tors of OS, FFS and DMFS in NPC patients.

In the present study, CR rates of the total tumor, PT, and MLNs
at the end of IMRT were 48.1%, 63%, and 68.9%, respectively. In the
previous study, only 40.4% patients exhibited CR of the PT after RT
[15]. The CR rate was markedly higher in the present study, prob-
ably due to a few main reasons. First, in the present study 68.2%
patients with stage III-IVa were treated with induction chemother-
apy which is an effective treatment modality for patients with
locoregionally advanced NPC [28,29]. Second, all patients were



Fig. 3. Prognostic comparison of 350 patients with complete response (CR) and non-complete response (non-CR) of the metastatic lymph nodes (MLNs) at the end of
intensity-modulated radiation therapy. (A) Overall survival. (B) Failure-free survival. (C) Regional relapse-free survival.

Fig. 4. Comparison of loco-regional relapse-free survival rates in 206 patients with persistent tumor at the end of intensity-modulated radiation therapy who were treated
and not treated with boost irradiation.
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treated with IMRT which might increase the CR rate, as compared
to that with 2D-RT or 3D-CRT, due to the high and conformal radi-
ation dose to the tumor involved in IMRT.

In this study, positive plasma EBV DNA was noted in 8.6%
patients at the end of IMRT. The positive plasma EBV DNA rate in
patients with residual tumor was not significantly higher than that
in the other patients (P = 0.397). In the study by Lv et al., 6.5%
patients were detected with EBV DNA after three months post-
treatment. The EBV DNA was significantly associated with tumor
residue after three months post-treatment [25]. The different
results might due to different time points of measurement and
cut-off point of EBV DNA levels.

In the present study, compared to patients with non-CR,
patients with CR of the total tumor, PT, or MLNs at the end of RT
exhibited better LRRFS, LRFS, and RRFS rates, respectively. Tumor
regression during RT was an independent predictive factor of local
control in head and neck carcinomas [30]. Furthermore, tumor
regression following RT was a reliable indicator of permanent local
control for oropharynx and pharyngolarynx carcinomas [31].

Among patients with persistent tumors at the end of IMRT, the
estimated 5-year LRRFS rate was significantly better in those trea-
ted with boost irradiation than in those without boost irradiation
treatment. Stereotactic RT boost was reportedly effective in revers-
ing the poor prognostic influence of local persistent disease in NPC
patients [32,33]. Intracavitary brachytherapy is usually adminis-
tered as boost radiotherapy for superficial residual disease in
NPC patients after primary external beam RT. Endoscope-guided
interstitial intensity-modulated brachytherapy boost radiation



Fig. 5. Prognostic comparison of 397 patients with negative plasma EBV DNA and positive plasma EBV DNA at the end of intensity-modulated radiation therapy. (A) Overall
survival. (B) Failure-free survival. (C) Distant metastasis-free survival.
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might also be a promising therapeutic option for deep-seated
residual NPC [34]. However, Schinagl et al. reported that, although
external beam radiotherapy with endocavitary brachytherapy pro-
duces excellent rates of local control for T1-2 tumor, the high inci-
dence of late toxicity could indicate overtreatment [35]. Due to the
high risk of loco-regional relapse in patients with persistent tumor
at the end of RT, additional studies are needed to explore timely
and effective treatment in these patients.

In the present study, compared to patients with negative
plasma EBV DNA at the end of IMRT, patients with positive plasma
EBV DNA had worse OS, FFS and DMFS rates. In the study by He
et al., detectable EBV DNA at the end of treatment was also associ-
ated with significantly poorer OS, DMFS, and progression-free sur-
vival (PFS). Among patients with detectable EBV DNA at the end of
treatment, adjuvant therapy significantly improved OS (P = 0.03)
and DMFS (P = 0.04) [36]. Adjuvant therapy might bring survival
benefit to these patients with positive plasma EBV DNA at the
end of RT, but it needs to be confirmed by prospective clinical
trials.

The present study has certain limitations. First, as it is a retro-
spective study, various different chemotherapy regimens were
administered, which could have affected the treatment outcome
(Supplementary Material). Second, the choice of which patients
should receive boost irradiation was based on the clinical experi-
ence of their doctors, and might result in some selection bias;
hence, the conclusions should be confirmed in further prospective
studies. Third, plasma EBV DNA copy number was not quantita-
tively detected when its level was <1000 copies/ml, thus the EBV
PCR fluorescence quantitative diagnostic kit is needed to be
improved.

Conclusions

In conclusion, gross tumor regression at the end of IMRT was an
independent prognostic factor of local and/or regional tumor con-
trol in NPC patients. Boost irradiation might improve loco-regional
tumor control in NPC patients with persistent tumor at the end of
IMRT. The plasma EBV DNA levels at the end of IMRT were the
independent prognostic factors of OS, FFS and DMFS in NPC
patients. Some timely and effective strengthening treatment might
be administered to patients with persistent disease and/or positive
plasma EBV DNA at the end of IMRT.
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