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Abstract

Background: The aim of this study is to investigate the prognostic value of neoadjuvant chemotherapy
(NCT) in locoregionally advanced nasopharyngeal carcinoma (NPC) with low pre-treatment
Epstein-Barr virus (EBV) DNA in the era of intensity-modulated radiotherapy (IMRT).

Methods: Data on 1099 locoregionally advanced NPC patients treated with IMRT were
retrospectively reviewed. Propensity score matching (PSM) method was adopted to balance influence of
covariates. Patient survival between NCT and non-NCT groups were compared.

Results: The cut-off value of pre-treatment Epstein-Barr virus DNA (pre-DNA) was 1550 copies/ml
for DMFS (area under curve [AUC], 0.655; sensitivity, 0.819; specificity, 0.445). For the 145 pairs
selected by PSM, the 3-year distant metastasis-free survival (DMFS), overall survival (OS), disease-free
survival (DFS) and locoregional relapse-free survival (LRRFS) rates were 98.6% vs. 93.7% (P = 0.101),
95.8% vs. 94.4% (P = 0.881), 91.7% vs. 87.5% (P = 0.309) and 94.4% vs. 95.0% (P = 0.667), respectively.
Multivariate analysis did not identify NCT as an independent prognostic factor (P > 0.05 for all rates),
and stratified analysis based on overall stage (Ill and 1V) and N category (NO-1 and N2-3) also got the
same results.

Conclusion: NCT was not established as an independent prognostic factor, and it should not be used
in locoregionally advanced NPC with low pre-DNA.
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Introduction

Nasopharyngeal carcinoma (NPC) is different
from other head and neck cancers by its
epidemiology, clinical characteristics and methods of
treatment. The worldwide distribution of NPC is
extremely unbalanced, with an age-standard

[1]. Radiotherapy (RT) has been the primary treatment
for NPC because of anatomic constraints and its high
degree of radiosensitivity. NPC is also a
chemosensitive tumor, and many trials have proven
that a combination of radiotherapy and chemotherapy

incidence rate of 20-50 per 100,000 males in south
China to 0.5 per 100,000 in mainly white populations

is better than radiotherapy alone [2-5]. Therefore,
concurrent chemoradiotherapy (CCRT) has been
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established as the main treatment for locoregionally
advanced NPC by National Comprehensive Cancer
Network (NCCN) guidelines.

In the era of intensity-modulated radiotherapy
(IMRT), distant metastasis has been the main failure
pattern [6]. Therefore, for the last decade, most
attention [7-12] has been focused on neoadjuvant
chemotherapy (NCT) as it may reduce distant
metastasis and improve overall survival. However,
the results from these trials were controversial.
Recently, a meta-analysis by Ouyang et al.[13]
revealed NCT could effectively enhance overall
survival and reduce distant metastasis rate.

Epstein-Barr virus (EBV) DNA has been proven
to be a reliable biomarker in predicting prognosis
[14-18]. Our previous study revealed patients with
undetectable pre-treatment EBV DNA (pre-DNA) had
obviously better distant metastasis-free survival
compared with patients with positive pre-DNA [19],
which indicated that distant metastasis may not be the
main failure pattern in advanced NPC with
undetectable or low pre-DNA load. Moreover, Du et
al. [20] also defined high-risk patients with locally
advanced NPC who may benefit from NCT by using
pre-DNA. Therefore, it is reasonable to speculate that
NCT may be useless in advanced NPC with low
pre-DNA. However, no relative study has
investigated this relationship. Hence, we conducted
this retrospective study to evaluate the value of NCT
in locoregionally advanced NPC with low pre-DNA.
To balance the influence of covariates, propensity
score matching (PSM) method was adopted to
compare survival outcomes and decrease potential
bias [21].

Materials and Methods

Patients Selection

We retrospectively analysed the data on 1811
patients with newly diagnosed stage I-IVB NPC, who
were treated between November 2009 and February
2012 at Sun Yat-sen university cancer center. The
eligibility criteria of this study were as follows: (1)
stage III-IVB NPC; (2) World Health Organization
(WHO) pathology type II/III; (3) with the data of
pre-DNA; (4) age 18 years or older. In total, 1099
(60.7%) patients were recruited for the current study.
This study was approved by the Research Ethics
Committee of Sun Yat-sen university cancer center.
Informed consent was obtained from all the patients.

Clinical Staging

The routine staging workup included a complete
history and clinical examinations of the head and neck
region, direct fibre-optic nasopharyngoscopy,
magnetic resonance imaging (MRI) scans of the skull

base and whole neck, chest radiography, whole-body
bone scan and abdominal sonography, as well as
positron emission tomography (PET)-CT.
Tumour-related marker such as plasma EBV DNA
load was quantified. All patients received a dental
evaluation before radiotherapy.

All patients were restaged according to the 7th
edition of the International Union against
Cancer/ American Joint Committee on Cancer
(UICC/AJCC) system [22]. All MRI materials and
clinical records were reviewed separately by two
radiologists (L.Z.L. and L.T.) employed at our hospital
to minimize heterogeneity in restaging, and
disagreements were resolved by consensus.

Real-time quantitative EBY DNA PCR

Measurement of the plasma EBV DNA load was
performed before treatment, and plasma DNA was
extracted and assayed using real-time quantitative
PCR which was described previously [23]. The
real-time quantitative PCR system was developed for
plasma EBV DNA detection, and targeted the
BamHI-W region of the EBV genome using primers
5-GCCAGAGGTAAGTGGACTTT-3" and 5-TACCA
CCTCCTCTTCTTGCT-3. The dual fluorescence-
labelled oligomer 5-(FAM)CACACCCAGGC
ACACACTACACAT(TAMRA)-3" served as a probe.
Sequence data for the EBV genome were obtained
from the GeneBank sequence database. The plasma
EBV DNA concentration was calculated using the
following equation: C = Q x (Vpna/Vpcr)*(1/VEexr), in
which C represents the target concentration in plasma
(copies/ml), Q represents the target quantity (copy
number) determined by PCR, Vpna represents the
total volume of DNA obtained after extraction
(typically 50 pl/Qiagen extraction), Vpcr represents
the volume of DNA solution used for PCR (typically 2
ul) and VEXT represents the volume of plasma
extracted (typically 0.5 ml) [23].

Clinical treatment

Radiotherapy

All patients received IMRT at Sun Yat-sen
university cancer center. A high-resolution planning
computed tomography scan with contrast was taken
from the vertex to 2 cm below the sternoclavicular
joint at a slice thickness of 3 mm. Target volumes were
delineated slice-by-slice on treatment planning CT
scans using an individualized delineation protocol
that complies with International Commission on
Radiation Units and Measurements reports 50 and 62.
The prescribed doses were 66-72 Gy at 2.12-2.43
Gy/fraction to the planning target volume (PTV) of
the primary gross tumour volume (GTVnx), 64-70 Gy
to the PTV of the GTV of the involved lymph nodes
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(GTVnd), 60-63 Gy to the PTV of the high-risk clinical
target volume (CTV1), and 54-56 Gy to the PTV of the
low-risk clinical target volume (CTV2). All targets
were treated simultaneously using the simultaneous
integrated boost technique.

Chemotherapy

According to institutional guidelines, we
recommended RT alone for stage I, CCRT for stage 1I,
and CCRT +/- NCT/adjuvant chemotherapy (ACT)
for stage III to IVA-B. NCT consisted of cisplatin (80
mg/m?) with 5-fluorouracil (1000 mg/m?) (PF),
cisplatin (75 mg/m?) with docetaxel (75 mg/m?) (TP),
or cisplatin (60 mg/m?) with 5-fluorouracil (600
mg/m?) and docetaxel (60 mg/m?) (TPF) every three
weeks for two or more cycles. Concurrent
chemotherapy was cisplatin weekly (30-40 mg/m?) or
on weeks 1, 4 and 7 (80-100 mg/m?) of radiotherapy.

Follow-Up and Statistical Analysis

Follow-up was measured from first day of
therapy to last examination or death. Patients were
followed by MRI and plasma EBV DNA at least every
3 months during first 2 years, then every 6 months
thereafter (or until death). The end points (time to first
defining event) were distant metastasis-free survival
(DMES), overall survival (OS), disease-free survival
(DFS), locoregional relapse-free survival (LRRFS), and
DMFS was set as the primary endpoint.

Propensity scores were computed by logistic
regression for each patient using the following
covariates: age, gender, concurrent chemotherapy,
T-stage, N-stage, overall stage and pre-DNA. Receiver
operating characteristic (ROC) curve analysis was
used to calculate the cut-off value for pre-treatment
EBV DNA. The Chi-square test or Fisher’s exact test
were used to compare categorical variables and
treatment failure patterns between the NCT and
non-NCT  groups. Life-table estimation was
performed using the Kaplan-Meier method and
log-rank test. The multivariate Cox proportional
hazards model was used to estimate hazard ratios
(HRs) and 95% confidence intervals (Cls); age, gender,
smoking, drinking, T category, N category, overall
stage, concurrent chemotherapy and NCT were
included as variables. All tests were two-sided; P <
0.05 was considered significant. Stata Statistical
Package 12 (StataCorp LP, College Station, TX, USA)
was used for all analyses.

Results
Cut-off Value of Pre-treatment EBVY DNA
In total, 246/1099 (22.4%) patients had

undetectable pre-DNA. The median pre-DNA level
for the whole cohort was 3400 copies/ml

(interquartile range, 110-23400). Based on ROC curve
analysis, the cut-off value of pre-DNA was 1550
copies/ml for DMFS (area under curve [AUC], 0.655;
sensitivity, 0.819; specificity, 0.445). Therefore,
patients were classified as high pre-DNA (21550
copies/ml) and low pre-DNA (<1550 copies/ml)
groups based on this value. Finally, 453 (41.2%)
patients in the low pre-DNA group were further
analysed.

Table 1. Baseline characteristics of all 145 pairs of locoregionally
advanced NPC patients with pre-DNA < 1550 copies/ml.

NCT Non-NCT Pa
Characteristics No. (%) No. (%)

Age (v) 0.607
<50 100 (69.0) 104 (71.7)

250 45 (31.0) 41 (28.3)

Gender 0.685
Male 107 (73.8) 110 (75.9)

Female 38 (26.2) 35 (24.1)

Smoking 0.905
Yes 59 (40.7) 58 (40.0)

No 86 (59.3) 87 (60.0)

Drinking 1.000
Yes 19 (13.1) 19 (13.1)

No 126 (86.9) 126 (86.9)

Concurrent 0.881
Yes 118 (81.4) 117 (80.7)

No 27 (18.6) 28 (19.3)

T category b 0.679
T1 8 (5.5) 11 (7.6)

T2 6 (4.1) 3 (2.0

T3 99 (68.3) 98 (67.6)

T4 32 (22.1) 33 (22.8)

N category b 0.563
NO 24 (16.6) 26 (17.9)

N1 89 (61.4) 87 (60.0)

N2 29 (20.0) 25 (17.2)

N3 3(2.0) 7 (4.9)

Overall stage b 0.503
11 110 (75.9) 105 (72.4)

IVA-IVB 35 (24.1) 40 (27.6)

Abbreviations: NPC = nasopharyngeal carcinoma; pre-DNA = pre-treatment
Epstein-Barr virus DNA; NCT = neoadjuvant chemotherapy.

aP-values were calculated by Chi-square test or Fisher exact test if indicated.
b According to the 7th AJCC/UICC staging system.

Baseline Characteristics and failure patterns

From the original 453 NPC patients, 145 pairs
were selected by PSM (Table 1). No significant
difference was found between the NCT and non-NCT
groups (P = 0.727) with regard to pre-DNA, and other
factors were well balanced. The median follow-up
duration for the entire cohort was 50.3 months (range,
4.6-68.3 months). Up to the last follow-up, 9 (6.2%)
patients in NCT group and 7 (4.8%) patients in
non-NCT group developed local recurrence; 3 (2.1%)
patients in NCT group and 4 (2.8%) patients in
non-NCT group experienced regional recurrence; and
4 (2.8%) patients in NCT group and 10 (6.9%) patients
in non-NCT group experienced distant metastasis.
Moreover, 11 (7.6%) patients and 12 (8.3%) patients
died in NCT and on-NCT group, respectively.
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Prognostic value of NCT

The 3-year DMFS, OS, DFS and LRRFS rates for
the entire cohort were 96.1%, 95.1%, 89.6% and 94.7%,
respectively. For NCT group vs. non-NCT group, the
3-year DMFS, OS, DFS and LRRFS rates were 98.6%
vs. 93.7% (P = 0.101, Figure 1A), 95.8% vs. 94.4% (P =
0.881, Figure 1B), 91.7% vs. 87.5% (P = 0.309, Figure
1C) and 94.4% vs. 95.0% (P = 0.667, Figure 1D),
respectively.

Multivariate analysis was performed to adjust
for various prognostic factors, and consistent with the
results of univariate analysis, it revealed that NCT
was not associated with significantly improved DMFS
(HR, 0.822; 95% CI, 0.191-3.532; P = 0.108), OS (HR,
0.910; 95% CI, 0.392-2.114; P = 0.827), DFS (HR, 0.657;
95% CI, 0.343-1.260; P = 0.206) and LRRFS (HR, 0.775;
95% CI, 0.319-1.882; P = 0.573; Table 2).

Prognostic value of NCT for patients with
stage lll and IV

Patients with stage IV generally exhibited a
higher rate of distant metastasis compared with that
of patients with stage III NPC. To further explore the
prognostic value of NCT in patients with stage III and
IV NPC, we conducted a stratified analysis of 110 and
39 PSM-selected pairs of NPC patients with stage I1I
and IV, respectively.

With regard to the patients with stage III NPC,
the 3-year DMFS (99.1% vs. 98.2%, respectively; P =

1A w0
0.75 _ non-NCT
P=0.101 NCT
2
= 050
a
0.254
000 1 T T T T T T
0 12 24 36 48 60 72
months after treatment
Number at risk
non-NCT 145 138 133 130 100 25 0
NCT 145 142 140 137 9 17 0

o ﬁ-\:‘_ﬁE
0.751 P = 0300 non-NCT
NCT

2

& 0504
0.25
000 1 T T T T T T

0 12 24 36 48 60 72
months after treatment
Number at risk

non-NCT 145 135 129 124 96 21 0

NCT 145 139 135 131 88 16 0

0.343; Figure 2A), OS (98.2% vs. 97.2%, respectively; P
= 0966; Figure 2B), DFS (93.6% vs. 94.5%,
respectively; P = 0.555) and LRRFS (95.4% vs. 97.2%,
respectively; P = 0.850) were comparable between
patients receiving NCT and those not receiving NCT.
Moreover, for patients with stage IV NPC, NCT also
did not significantly improve 3-year DMFS (91.7% vs.
81.3%, respectively; P = 0.357; Figure 2C), OS (84.6%
vs. 87.1%, respectively; P = 0.822; Figure 2D), DFS
(76.9% vs. 71.7%, respectively; P = 0.930) and LRRFS
(89.0% vs. 92.0%, respectively; P = 0.969).

Table 2. Multivariate analysis of prognostic factors for all 145
pairs of locoregionally advanced NPC patients with pre-DNA <
1550 copies/ml.

Endpoints Variable HR (95% CI) Pa
DMFS NCT 0.822 (0.191-3.532)  0.108
Overall stage 8.849 (2.409-32.502)  0.001
0os NCT 0.910 (0.392-2.114)  0.827
Overall stage 5.366 (2.266-12.707) < 0.001
Age 2.807 (1.226-6.428)  0.015
DFS NCT 0.657 (0.343-1.260)  0.206
Overall stage 3.125(1.652-5.914)  <0.001
Age 2189 (1.156-4.145)  0.016
LRRFS NCT 0.775 (0.319-1.882)  0.573

Abbreviations: NPC = nasopharyngeal carcinoma; pre-DNA = pre-treatment
Epstein-Barr virus DNA; HR = hazard ratio; CI = confidence interval; DMFS =
distant metastasis-free survival; OS = overall survival; DFS = disease-free survival;
LRRFS = locoregional relapse-free survival; NCT = neoadjuvant chemotherapy.

a: Multivariate P-values were calculated using an adjusted Cox
proportional-hazards model with backward elimination and the following
parameters: age (250 y vs. <50 y), gender (male or female), smoking (yes or no),
drinking (yes or no), T category (T1-2 or T3-4), N category (NO-1 or N2-3),
concurrent chemotherapy (yes or no) and NCT (yes or No).

18 1007 _S—‘:“_‘=‘——-::L‘=__':
0.754 P =0.881 non-NCT
NCT
8 050
0.254
0.00+
T T T T
0 12 24 48 60 72
months after treatment
Number at risk
non-NCT 145 143 139 102 25
NCT 145 142 141 92 17
1> 1.007 H——i
0.75 P =0667 non-NCT
NCT
0
& 050
o
-
0.257
000_ T T T T
0 12 24 48 60 72
months after treatment
Number at risk
non-NCT 145 140 135 96 21
NCT 145 139 136 89 16

Figure 1. Kaplan-Meier DMFS (A), OS (B), DFS (C) and LRRFS (D) curves for NCT and non-NCT patients with pre-DNA < 1550 copies/ml. Abbreviations: DMFS
= distant metastasis-free survival; OS = overall survival; DFS = disease-free survival; LRRFS = locoregional relapse-free survival; NCT = neoadjuvant chemotherapy;

pre-DNA = pre-treatment Epstein-Barr virus DNA.
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2A  1.004
non-NCT
0.754 P =0.343 NCT
2
= 0.50
a
0.251
000 L T T T T T
0 12 24 36 48 60 72
months after treatment
Number at risk
non-NCT 110 108 106 104 82 23
NCT 110 109 108 106 7 13 0
0.75
P=0.357 non-NCT
v NCT
£ 050
o
0.25
0.00
0 12 24 36 48 60 72
months after treatment
Number at risk
non-NCT 39 35 31 29 20 3 0
NCT 39 36 33 31 21 6 0

2B 1.00
non-NCT
0.75 P =0.966 NCT
8 050
0.25
0.00 ’
0 12 24 36 48 60 72
months after treatment
Number at risk
non-NCT 110 109 107 104 82 24 0
NCT 110 109 109 106 Il 13 0
2D 1.004
0151 P=0822
non-NCT
8 0.50-] NCT
0.25
0.001
T T T r r T
0 12 24 36 48 60 72
months after treatment
Number at risk
non-NCT 39 38 35 32 22 3 0
NCT 39 36 35 33 23 6 0

Figure 2. Kaplan-Meier DMFS (A) and OS (B), DMFS (C) and OS (D) curves for NCT and non-NCT patients stratified as stage Il and IV, respectively. Abbreviations:
DMFS = distant metastasis-free survival; OS = overall survival; DFS = disease-free survival; LRRFS = locoregional relapse-free survival; NCT = neoadjuvant

chemotherapy.

Prognostic value of NCT for patients with
NO-1 and N2-3 category

Obviously, advanced N stage was associated
with significant higher distant metastasis rate
compared with early N category. Therefore, we
conducted this subgroup analysis to further
investigate the efficacy of NCT in NPC patients with
early (NO-1) and advanced (N2-3) category; 111 and
32 pairs of NPC patients were respectively selected by
PSM.

In early N category group, the 3-year DMFS
(98.2% vs. 93.6%, respectively; P = 0.232; Figure 3A),
OS (95.5% vs. 95.5%, respectively; P = 0.649; Figure
3B), DFS (91.0% vs. 88.2%, respectively; P = 0.689) and
LRRFS (92.7% vs. 94.5%, respectively; P = 0.80) were
comparable between patients receiving or not
receiving NCT. In advanced N category group, no
significant difference of 3-year DMFS (100% vs. 93.5%,
respectively; P = 0.157; Figure 3C), OS (93.8% vs.
90.6%, respectively; P = 0.984; Figure 3D), DFS (90.6%
vs. 90.6%, respectively; P = 0.994) and LRRFS (96.7%
vs. 100%, respectively; P = 0.326) was found between
patients receiving or not receiving NCT.

Discussion

To the best of our knowledge, this is the first
study to investigate the clinical efficacy of NCT in
locoregionally advanced NPC with low pre-treatment

EBV DNA in the era of IMRT. By using PSM and
multivariate analysis, this study provided the fairest
comparisons of matched patients and revealed NCT
was not associated with significantly improved
prognosis. Moreover, further stratified analysis based
on overall stage and N category also failed to show
the efficacy of NCT in reduce distant metastasis.

In the era of IMRT, distant metastasis has been
the main treatment failure pattern [6]. Plenty of
previous studies have tried to figure out the
prognostic value of NCT in locoregionally advanced
NPC [7-12]; however, these results were controversial.
Except for the factor that different chemotherapy
regimens were used, the negative results may be
attributed to the reason that many patients recruited
in these trials had low risk of distant metastasis and
did not really benefit from NCT. A positive effect on
progression-free survival (PFS) was reported in stage
IV NPC with N2-3 category in comparing NCT plus
RT with RT alone [10], which indicated that only
highly selected patients would benefit from NCT. In
the study by Du et al. [20], advanced N category
(N2-3), pre-DNA (> 4000 copies/ml), serum albumin
(=46 g/L) and platelet count (> 300 k/cc) were used
to define high-risk patients who may benefit from
NCT. Therefore, NCT should be effective in high-risk
locoregionally advanced NPC.
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Figure 3. Kaplan-Meier DMFS (A) and OS (B), DMFS (C) and OS (D) curves for NCT and non-NCT patients stratified as NO-1 and N2-3 category, respectively.
Abbreviations: DMFS = distant metastasis-free survival; OS = overall survival; DFS = disease-free survival; LRRFS = locoregional relapse-free survival; NCT =

neoadjuvant chemotherapy.

High pre-DNA could accurately predict distant
metastasis [18, 24]. All the patients recruited for this
study had a pre-DNA < 1550 copies/ml which was
defined as low-risk distant metastasis, and the
outcomes of this current study suggested NCT prior
to RT could not improve DMFS in low-risk
locoregionally advanced NPC. In order to select the
optimal patients who could really benefit from NCT,
stratified analysis based on overall stage and N
category was performed. However, the results of
subgroup analysis still demonstrated no significant
survival benefit with the additional using of NCT.
These negative results should be attributed to two
possible reasons. Firstly, NCT did not have the
potential value of reducing distant metastasis.
Secondly, the relatively small sample in each
subgroup resulted in low test power and the
prognostic difference between the two groups could
not be detected.

In this study, we used only pre-DNA as the
biomarker to define locoregionally advanced NPC
with low-risk distant metastasis because plasma EBV
DNA has been widely reported and proven to be a
reliable factor in predicting prognosis [14-18].
Although many other prognostic factors as primary
tumor volume [25] and pre-treatment serum lactate
dehydrogenase (LDH) [26, 27] have been reported to
correlate with distant metastasis; these studies were

retrospective and no prospective clinical trials were
conducted to confirm the results. Therefore, we did
not take these factors into consideration. Moreover,
we only analyzed the prognostic value of NCT in
patients with low-pre-treatment EBV DNA because
the study by Du et al. had proven that NCT was
effective in patients with high pre-treatment EBV
DNA. The results of this study could somehow
complement the results in abovementioned studies
[10, 20].

In conclusion, our outcomes suggested that NCT
was not feasible and effective in locoregionally
advanced NPC with low pre-DNA in the era of IMRT.
Therefore, at clinical practice, NCT should not be
delivered for highly selected low-risk patients with
locoregionally advanced NPC. One main limitation of
this study is that our study was a retrospective
analysis of patients who were treated at a single
center. In addition, the sample was relatively small
and it may affect the results of stratified analysis.
Therefore, further studies consisted of large cohorts
are warranted to confirm these results. Moreover,
pre-DNA should be considered in selecting eligible
patients when conducting prospective clinical trial.

Conclusion

The prognostic value of NCT was limited, and
NCT should not be used in clinical practice for
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locoregionally advanced NPC patients with low
pre-treatment EBV DNA in the era of IMRT. Further
prospective studies are warranted to confirm these
results.
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