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ABSTRACT

The aim of this study was to determine the prognostic value of wait time from
histological diagnosis to primary treatmen for nasopharyngeal carcinoma (NPC)
treated with intensity-modulated radiotherapy (IMRT). Between October 2009
and February 2012, a total of 1672 NPC patients were retrospectively analyzed. A
cutoff value of > 4 weeks was used to define prolonged wait time. Matched patients
according to the wait time were identified using propensity score matching (PSM),
which was also used to identify matched patients for subsequent stratified analyses.
Differences in progression-free survival (PFS), overall survival (0S), distant
metastasis-free survival (DMFS), and locoregional relapse-free survival (LRFS) were
estimated using the Kaplan—-Meier method and Cox proportional hazards models.
In total, 407 pairs of NPC patients were selected by PSM. The 3-year PFS rate was
significantly lower for patients with a prolonged wait time (> 4 weeks) than for
those with an acceptable wait time (P = 0.035). Stratified analyses revealed that the
negative effects of a prolonged wait time occurred primarily in patients with advanced
NPC without neoadjuvant chemotherapy (NACT; PFS:P = 0.040; DMFS:P = 0.028).
In multivariate analysis, a prolonged wait time was found to be an independent
unfavorable prognostic factor for PFS and DMFS in advanced-staged patients without
NACT. These results suggest that a prolonged time (> 4 weeks) between diagnosis
and primary radical radiotherapy is a disadvantage for NPC patients, particularly those
with advanced disease receiving no NACT. Thus, it is necessary to optimize resources
for decreasing this wait time, although additional studies are warranted to further
clarify our findings.

INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a specific head
and neck malignancy commonly observed in southern
China, where the incidence is approximately 15-50 per
100,000 [1]. Radiotherapy (RT) is the mainstay treatment
modality for nondisseminated NPC. With the advent
of intensity modulated radiation therapy (IMRT) and
combined chemotherapy-RT strategies, the management
of NPC has been revolutionized. IMRT offers an improved

target conformity and allows safer dose escalations, greatly
improving locoregional control and gradually replacing
two-dimensional conventional RT as the primary RT
strategy for NPC [2]. Concurrent chemoradiotherapy
(CCRT) with or without adjuvant chemotherapy (AC) has
been demonstrated to be the most efficacious and is now
recommended as a standard treatment for patients with
locoregionally advanced NPC [3, 4]. A meta-analysis
reported that additional neoadjuvant chemotherapy (NACT)
may effectively decrease the distant metastasis rate and
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improve survival [5]. However, certain time-related factors
such as the wait time from diagnosis to definitive RT,
remain to be optimized for NPC [6].

For patients with neoplasms requiring radical
surgery as the primary treatment, a prolonged time
between diagnosis and primary treatment, i.e., the wait
time, was found to be an important issue that reflected
problems in the health care system, such as poor access
to services, poor quality, and inefficiency [7]. A prolonged
wait time can increase patient anxiety and negatively
affect their prognosis [8, 9]. Previous studies found that
a prolonged wait time is associated with shorter survival
in patients with rectal cancer [9], breast cancer [10], and
melanoma [11]. A meta-analysis found that a delay in the
initiation of RT as the primary treatment was associated
with an increase in the local recurrence rate for head and
neck cancer [12], while Fortin et al. [13] found that a
delay of > 40 days in radical RT decreased the survival of
patients with early-stage head and neck cancer.

To the best of our knowledge, the prognostic value
of the wait time has not been clearly demonstrated for NPC
patients. In the era of two-dimensional conventional RT,
Lee et al. [14] found that the wait time was not significantly
associated with local failure in patients with T1 NPC.
However, Chen et al. [6] recently reported some factors
associated with a prolonged wait time, although their study
lacked data regarding cancer stage and survival analyses.

From the abovementioned perspectives and
according to the wide increase in the use of IMRT and
chemotherapy-RT strategies, we conducted this study to
investigate the prognostic value of the wait time for NPC
patients with IMRT as the primary treatment. To balance
the influence of covariates, we adopted the propensity score
matching (PSM) method to compare survival outcomes and
decrease potential bias [15].

RESULTS

Prognostic value of the wait time for NPC
patients

From the original 1672 NPC patients, 407 pairs
were selected by PSM (Table 1). The median wait time
for patients with wait times of > 4 weeks and < 4 weeks
was 49 days (29424 days) and 20 days (1-28 days),
respectively. The median follow-up duration for the entire
cohort was 38.42 months (1.27-58.80 months). Up to the
last day of follow-up, a total of 23/814 (2.8%) patients
died. Distant metastasis occurred in 47/814 (5.8%) patients,
while locoregional recurrence occurred in 58/814 (7.1%)
patients. The 3-year progression-free survival (PFS), overall
survival (OS), distant metastasis-free survival (DMFS),
and locoregional recurrence-free survival (LRFS) rates for
the entire cohort were 88.8%, 97.5%, 94.3%, and 93.4%,
respectively.

The 3-year PFS rate was significantly lower for
patients with a wait time of > 4 weeks (86.7%) than for

those with a wait time of < 4 weeks (90.8%; P = 0.035;
Figure 1A). The difference in the 3-year DMFS rate (92.8%
vs. 95.7%, respectively) between the two groups nearly
reached statistical significance (P = 0.073; Figure 1C), while
no significant differences were found for OS and LRFS
(3-year OS: 96.3% vs. 98.8%, respectively, P = 0.283;
3-year LRFS: 92.5% vs. 94.2%, respectively, P = 0.116;
Figure 1B, 1D). Multivariate analysis was performed to
adjust for various prognostic factors, and consistent with the
results of univariate analysis, it revealed that a wait time of
> 4 weeks was an independent unfavorable prognostic factor
for PFS [hazards ratio (HR), 1.55; 95% confidence interval
(CI), 1.03-2.33; P=0.037; Table 2].

Prognostic value of the wait time for NPC
patients with and without NACT

Patients who received NACT generally exhibited
a prolonged wait time. To further explore the prognostic
value of the wait time for patients with and without NACT,
we conducted a stratified analysis of 40 and 289 PSM-
selected pairs of NPC patients with and without NACT,
respectively (Supplementary Table S1).

With regard to patients who received NACT, the
3-year PFS (79.9% vs. 84.3%, respectively; P = 0.484),
OS (95.0% vs. 92.4%, respectively; P = 0.600), DMFS
(97.3% vs. 94.9%, respectively; P = 0.476), and LRFS
(82.5% vs. 91.2%, respectively; P = 0.144) rates were
comparable between patients with a wait time of >4 weeks
and those with a wait time of < 4 weeks. However, with
regard to patients who did not receive NACT, those with
a wait time of > 4 weeks exhibited poorer 3-year PFS
(82.7% vs. 88.0%, respectively; P = 0.042; Figure 2A),
OS (94.1% vs. 97.5%, respectively; P = 0.042; Figure 2B),
and DMFS (88.7% vs. 94.3%, respectively; P = 0.015;
Figure 2C) rates compared to those with a wait time of
< 4 weeks. There was no significant difference in the
3-year LRFS rate between patients with a wait time of
> 4 weeks and those with a wait time of < 4 weeks (92.8%
vs. 92.5%; P = 0.665; Figure 2D). Multivariate analysis
showed that a wait time of > 4 weeks was an independent
unfavorable prognostic factor for PFS, OS, and DMFS in
NPC patients without NACT (Table 3).

Prognostic value of the wait time for patients
without NACT stratified according to early and
advanced NPC stages

To test the individual hypothesis, we stratified
patients without NACT according to the clinical stage
into early (stage I + II) and advanced stage (stage III +
IVa-b) groups; 104 and 184 pairs of NPC patients were
respectively selected by PSM (Supplementary Table S2).

In the early stage group, the 3-year PFS (92.8% vs.
92.9%, respectively; P = 0.990), OS (97.1% vs. 99.0%,
respectively; P = 0.316), DMFS (94.5% vs. 95.8%,
respectively; P = 0.732), and LRFS (98.1% vs. 93.4%,
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Table 1: Baseline characteristics of all 407 pairs of patients with nasopharyngeal carcinoma

Wait time < 4 weeks (n = 407) Wait time > 4 weeks (n = 407)

Characteristic No. (%) No. (%) P
Age 0.105
<45 194 (47.7) 171 (42.0)
> 45 213 (52.3) 236 (58.0)
Sex 0.523
Male 305 (74.9) 297 (73.0)
Female 102 (25.1) 110 (27.0)
WHO pathology 0.624
Type I 3(0.7) 1(0.2)
Type 1I/111 404 (99.3) 406 (99.8)
T category 0.219
T1 111 (27.3) 107 (26.3)
T2 74 (18.2) 94 (23.1)
T3 210 (51.6) 189 (46.4)
T4 12 (2.9) 17(4.2)
N category 0.493
NO 103 (25.3) 100 (24.6)
N1 280 (69.8) 290 (71.3)
N2 24 (5.9) 17 (4.2)
N3 0(0) 0(0)
Clinical stage 0.374
I 25(27.3) 30(7.4)
I 145 (35.6) 158 (38.8)
111 225 (55.3) 202 (49.6)
v 12(2.9) 17(4.2)
Chemotherapy 0.534
No 82 (20.1) 75 (18.4)
Yes 325(79.9) 332 (81.6)
ACE-27 0.264
<1 389 (95.6) 395 (97.1)
>1 18 (4.4) 12(2.9)

Abbreviations: ACE-27 = Adult Comorbidity Evaluation-27; WHO = World Health Organization
2P-values were calculated using chi-square tests or Fisher’s exact tests where indicated.
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respectively; P = 0.157) rates were comparable between
patients with wait times of > 4 weeks and < 4 weeks. In
the advanced stage group, the 3-year PFS (78.9% vs.
86.1%, respectively; P = 0.040; Figure 2A) and DMFS
(85.9% vs. 93.3%, respectively; P = 0.028; Figure 2C)
were significantly lower for patients with a wait time of
> 4 weeks than for those with a wait time of < 4 weeks,
while the 3-year OS rate exhibited a tendency to be lower in
the former than in the latter (92.4% vs. 96.7%, respectively;
P =0.088; Figure 3B). There were no significant differences
in the 3-year LRFS rate between patients with a wait time of
> 4 weeks and those with a wait time of < 4 weeks (89.8%
vs. 92.0%; P = 0.177; Figure 3D). Multivariate analysis
showed that a wait time of > 4 weeks was an independent
unfavorable prognostic factor for PFS and DMES in patients
with advanced NPC without NACT (Table 4).

DISCUSSION
To the best of our knowledge, this is the first study

to examine the association of the time between diagnosis
and primary treatment, i.e., the wait time, with prognosis
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in a large population-based NPC cohort treated with
IMRT. Using PSM and multivariate analyses, this study
provides the fairest comparisons of matched patients and
demonstrated higher 3-year PFS rates for NPC patients
who received IMRT within 4 weeks of diagnosis than for
those who received IMRT after 4 weeks. Further stratified
analyses revealed that the negative effects of a prolonged
wait time (> 4 weeks) occurred primarily in patients with
advanced NPC without NACT. Finally, the wait time had
no significant effects on the 3-year LRFS rate.

Despite the various growth rates for different tumors,
a prolonged time between diagnosis and definitive primary
treatment increases the likelihood of tumor growth and
progression, which can facilitate both local invasion and
distant metastasis, including deeper lymphovascular space
involvement, and can result in a poor prognosis [16]. The
lack of influence of the wait time on the 3-year LRFS
rate can be attributed to the use of IMRT, which greatly
improves locoregional control in NPC patients. However,
a prolonged wait time increased distant failures for patients
with advanced NPC without NACT. Although a causal
relationship between the wait time and prognosis could
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Figure 1: Kaplan—Meier survival curves based on the wait time (time between diagnosis and intensity-modulated radiotherapy) for
progression-free survival (A), overall survival (B), distant metastasis-free survival (C), and locoregional recurrence-free survival (D) rates
for 407 pairs of patients with nasopharyngeal carcinoma. CI = confidence interval, HR = hazard ratio.
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Table 2: Multivariate analysis of prognostic factors for all 407 pairs of patients with nasopharyngeal
carcinoma

Endpoint Variable HR (95% CI) pP?
PFS Wait time (> 4 vs. <4 weeks) 1.55(1.03-2.33) 0.037
N category (N1-3 vs. NO) 1.71 (1.00-2.92) 0.052
(O Wait time (> 4 vs. < 4 weeks) NS
T category (T3-4 vs. T1-2) 2.03 (0.83-4.92) 0.107
DMFS Wait time (> 4 vs. <4 weeks) 1.77 (0.97-3.21) 0.063
Gender (Male vs. female) 2.97 (1.17-7.52) 0.022
LRFS Wait time (> 4 vs. <4 weeks) 1.53 (0.90-2.60) 0.116
N category (N1-3 vs. NO) 1.83 (0.90-3.73) 0.096

Abbreviations: CI = confidence interval, DMFS = distant metastasis-free survival, HR = hazard ratio, LRFS = locoregional
recurrence-free survival, NS = not significant, OS = overall survival, PFS = progression-free survival.
2P-values were calculated using an adjusted Cox proportional hazards model.

A B
1004 ———. 100 —
" i — -
LN
~ N . S
X 90 N T 907
o ‘ o Q
- PN
< =
S =
z 807 S 307
= =
@ >
° 9
o . H -
= 704 Wait time < 4 weeks = 701 Wait time < 4 weeks
é Wait time > 4 weeks ] Wait time > 4 weeks
2 g
g =]
5o 60 60
£
~ HR = 1.55, 95%CI 1.02-2.34, P = 0.042 HR =2.22,95%CI 1.03-4.79, P = 0.042
50 50
T T T T T T T T T T T T T T
0 6 12 18 24 30 36 0 6 12 18 24 30 36
Number at risk Months after treatment Number at risk Months after treatment
Wait time Wait time
<4 weeks 289 286 284 271 264 239 207 <4 weeks 289 289 288 285 281 268 224
>4 weeks 289 282 272 256 247 222 151 >4 weeks 289 285 283 273 270 244 164
C D
1007 —== —_— 1004 —_—
;\3 T Tw —~ —_ e Ty
Ry . S —_—
= 904 O90‘
> = _
= <
£ £
= = 7
- @ 801 £ 5807
= 3 S @a
8 = )
@ 2 3
-~ @ s o
= £ 704 ——— Wait time <4 weeks S “? 704 ———— Wait time < 4 weeks
o= Wait time > 4 weeks <3 Wait time > 4 weeks
) = =
w D
g E
& 60 60
- 9
2 g
E HR =2.04, 95%CI 1.15-3.64, P=0.015 HR = 1.14, 95%CI 0.63-2.08, P = 0.665
50 50
T T T T T T T T T T T T T T
0 6 12 18 24 30 36 0 6 12 18 24 30 36
Number at risk Months after treatment Number at risk Months after treatment
Wait time Wait time
<4 weeks 289 288 286 280 274 262 218 <4 weeks 289 287 286 276 269 253 210
>4 weeks 289 283 276 261 256 231 156 >4 weeks 289 284 279 266 259 233 157

Figure 2: Kaplan—Meier survival curves based on the wait time (time between diagnosis and intensity-modulated radiotherapy) for
progression-free survival (A), overall survival (B), distant metastasis-free survival (C), and locoregional recurrence-free survival

(D) rates for 289 pairs of patients with nasopharyngeal carcinoma who did not receive neoadjuvant chemotherapy. CI = confidence interval,
HR = hazard ratio.
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Table 3: Multivariate analysis of prognostic factors for patients with nasopharyngeal carcinoma

with and without NACT

Patients with NACT (n = 40 pairs)

Patients without NACT (n = 289 pairs)

Endpoint
Variable HR (95% CI)  P® Variable HR (95% CI) p?
Wait time (> 4 vs. Wait time (> 4 vs.
PFS < 4 weeks) NS — | <4 weeks) 1.58 (1.03-2.41) | 0.037
Age (> 45 vs. <45) | 3.95(1.12-14.1) | 0.033 if_azt)“‘gory (T3-4vs. 2.00 (1.24-3.22) | 0.004
— — _ | Necategory (NI-3 vs. 1.77 (0.91-3.46) | 0.094
NO)
Wait time (> 4 vs. Wait time (> 4 vs.
oS < 4 weokd) NS — | <4 weeks) 223 (1.03-4.82) | 0.041
T category (T3-4 vs.
— — — 112 247 (1.06-5.79) | 0.037
Wait time (> 4 vs. Wait time (> 4 vs. <4
DMFS < 4 woeks) NS — | weeks) 1.96 (1.10-3.50) | 0.023
— — | Gender (Male vs. 2.38(0.95-5.88) | 0.063
female)
— — | Feategory (T3-4 vs, 4.34 (2.02-9.05) | <0.001
T1-2)
— — — | ACE27G1vs. <1) 8.14(2.39-27.68) |  0.001
Wait time (> 4 vs. Wait time (> 4 vs. <4
LRES <4 weeks) NS weeks) NS
Age (> 45 vs. <45) | 2.62 (0.70-9.90) | 0.155 Eoc)ategory (N1-3 vs. 2.56 (0.92-7.17) | 0.073
— — — | ACE27G1vs. <1) 3.86(0.93-15.98) |  0.062

Abbreviations: ACE-27 = Adult Comorbidity Evaluation-27, CI = confidence interval, DMFS = distant metastasis-free
survival, HR = hazard ratio, LRFS = locoregional recurrence-free survival, NACT = neoadjuvant chemotherapy, NS = not
significant, OS = overall survival, PFS = progression-free survival.

2P-values were calculated using an adjusted Cox proportional hazards model.

not be established, our results suggest that a prolonged
time between NPC diagnosis and radical RT as the primary
treatment results in a poor prognosis by facilitating distant
invasion, particularly in patients with advanced disease
who receive no additional NACT. A recent meta-analysis
indicated that additional NACT can effectively decrease
the rate of distant metastasis [5]. Accordingly, the wait time
did not influence the survival rates for patients with NACT,
even though these patients exhibited a prolonged wait time.
Besides, locoregionally advanced NPC progresses faster,
and a delay in RT for patients with no additional NACT can
result in a poor prognosis.

A clear understanding of the factors associated with
a prolonged wait time can aid clinicians in providing better
care. A recent study found that NPC patients with more

comorbidities were associated with a prolonged wait time
[6]. Comorbidities, quantified by the Adult Comorbidity
Evaluation-27 (ACE-27), negatively influenced the quality
of life, cost of treatment, and therapeutic decision-making
for patients with head and neck cancers in previous studies
[17, 18]. We also reported that comorbidities assessed by
ACE-27 significantly worsened the prognosis of NPC
patients [19]. The specific causes of a prolonged wait time
in our study were unknown, and the presence of comorbid
conditions may have played a major role. However, after
adjusting for ACE-27 scores using PSM, the wait time
was found to be an independent unfavorable prognostic
factor. Furthermore, our institution is located in southern
China, an endemic area with a large number of NPC
patients that leads to hospital crowding and less availability
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of RT instruments. This may also have accounted for the
prolonged wait time. Individual health care providers can
decrease the wait time by optimizing the number and use
of RT instruments. Moreover, future policies should aim
at providing radical RT within a month of diagnosis to
improve the survival rates for NPC patients, particularly
those who do not receive additional NACT.

The major strength of our study is the use of PSM
and multivariate analyses to investigate the influence
of the wait time on NPC prognosis; this addressed the
potential limitations of divergent confounders, treatment
heterogeneity, and selection bias associated with the direct
retrospective analysis of observational data [15]. With regard
to the limitations, first, the presented data were derived from
a single institution located in an endemic area with expertise
in NPC. Second, there was no randomization; therefore,
some imbalance is inevitable. However, only a retrospective
design can evaluate the risks associated with a prolonged
wait time, and we used PSM to minimize potential bias.
Third, we enrolled NPC patients treated with IMRT in
recent years, leading to the lack of long-term follow-up
results. A shorter follow-up period produces fewer events,
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preventing data from reaching statistical significance. This
may explain why the wait time did not influence the 3-year
OS in our study. However, the 3-year PFS is an acceptable
surrogate endpoint for NPC and can also predict the 5-year
OS [20]. Nevertheless, further studies with longer follow-
up durations are required to further clarify our findings.
Finally, data such as specific socioeconomic status and
patient preference were not available to us, and we could not
identify the precise causes for a prolonged wait time. Pre-
treatment Epstein-Barr virus deoxyribonucleic acid level
may also affect the prognostic value of wait time. Future
studies should also address these issues.

In conclusion, our results suggest that a prolonged
time (> 4 weeks) between diagnosis and primary
radical radiotherapy is a disadvantage for NPC patients,
particularly those with advanced disease receiving no
NACT. However, it is difficult to establish the optimal
time for RT initiation after examination by a radiation
oncologist. Given the present evidence, it is recommended
that the wait time should not exceed 4 weeks for patients
with locoregionally advanced NPC who do not receive
NACT. It is necessary to optimize resources for decreasing
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Figure 3: Kaplan—Meier survival curves based on the wait time for progression-free survival (A), overall survival (B), distant metastasis-
free survival (C), and locoregional recurrence-free survival (D) rates for 184 pairs of patients with locoregionally advanced nasopharyngeal
carcinoma who did not receive neoadjuvant chemotherapy. CI = confidence interval, HR = hazard ratio.

www.impactjournals.com/oncotarget

14979

Oncotarget



Table 4: Multivariate analysis of prognostic factors for patients without NACT stratified according
to early and advanced stages of nasopharyngeal carcinoma

Patients with NACT (n = 104 pairs)

Patients without NACT (n = 184 pairs)

Endpoint
Variable HR (95% CI) P? Variable HR (95% CI) P?

Wait time (> 4 vs. Wait time (> 4 vs. <

PFS < 4 weeks) NS | 4 weeks) 1.66 (1.02-2.71) 0.043
T category (T2 vs. . N category (N1-3 5
T1) 1.95(0.68-5.61) | 0.218 vs. NO) 4.29 (1.05-17.50) 0.043
Wait time (> 4 vs. Wait time (> 4 vs. <

(0N < 4 weeks) NS — | 4 weeks) 2.11 (0.89-5.00) 0.088
Wait time (> 4 vs. Wait time (> 4 vs. <

DMFS < 4 weeks) NS | 4 weeks) 2.08 (1.08-3.99) 0.028
ACE-27 (> 1vs.< 1) | 6.01(0.75-48.05) | 0.091 | Gender (Male vs. 3.03 (0.93-10.00) | 0.067

female)

Wait time (> 4 vs. Wait time (> 4 vs. <

LRES <4 weeks) NS o 4 weeks) NS o
ACE-27 (> 1vs.<1) | 7.48 (0.92-60.92) | 0.060 \I:Isci}gl;;ory (N1-3 435(0.60-31.82) | 0.148

Abbreviations: ACE-27 = Adult Comorbidity Evaluation-27, CI = confidence interval, DMFS = distant metastasis-free
survival, HR = hazard ratio, LRFS = locoregional recurrence-free survival, NACT = neoadjuvant chemotherapy, NS = not
significant, OS = overall survival, PFS = progression-free survival.

*P-values were calculated using an adjusted Cox proportional hazards model.

this wait time, although additional studies are warranted to
further clarify our findings.

MATERIALS AND METHODS

Ethics statement

The investigation has been conducted in accordance
with ethical standards and according to the Declaration
of Helsinki and according to national and international
guidelines and has been approved by the ethics committee
of Sun Yat-Sen University Cancer Center (SYSUCC). As
this was a retrospective analysis of routine data, we were
granted a waiver of written consent, and verbal consent
was obtained from the patients.

Patients

In total, 1811 patients with newly diagnosed,
biopsy-proven, nonmetastatic NPC treated with IMRT
at SYSUCC between October 2009 and February 2012
were retrospectively reviewed. Of these, 118 patients were
excluded because of the lack of substantial information
regarding the date of diagnosis or the date of RT initiation,
while 21 were excluded because of insufficient information
regarding comorbidities. The remaining 1672 patients

were included in the current study. All patients underwent
a comprehensive pretreatment evaluation, including a
complete history, physical examination, hematology and
biochemistry profiles, magnetic resonance imaging (MRI)
of the neck and nasopharynx, chest radiography, abdominal
sonography, and whole-body bone scanning using single-
photon emission computed tomography (SPECT).
Additional positron emission tomography/computed
tomography (PET-CT) was performed for 485/1672
(29.0%) patients. All patients were restaged according to the
seventh edition of the International Union against Cancer/
American Joint Committee on Cancer (UICC/AJCC)
staging system [21].

Treatment

The nasopharyngeal and neck tumor volumes of all
patients were treated using IMRT for the entire course.
Target volumes were delineated slice-by-slice on treatment-
planning CT scans using an individualized delineation
protocol that complied with the International Commission
on Radiation Units and Measurements reports 50 and 62.
The prescribed doses were 66—72 Gy in 28-33 fractions
to the planning target volume (PTV) of the primary gross
tumor volume (GTVnx), 64-70 Gy to the PTV of the GTV
of the involved lymph nodes (GTVnd), 60-63 Gy to the
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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 simultaneously treated using
the simultaneous integrated boost technique. All patients
were treated with one fraction daily over 5 days per week;
other details of the techniques used at our center have been
reported previously [2].

During the study, the institutional guidelines
recommended only IMRT for stage I disease and CCRT
+ NACT/AC for stage II-IVB disease. NACT or AC
included cisplatin with taxane, cisplatin with 5-fluorouracil,
or triplet chemotherapy with cisplatin and taxane plus
5-fluorouracil every 3 weeks for two to three cycles. CCRT
included cisplatin administered at weeks 1, 4, and 7 of RT
or weekly. In total, 1141/1219 (93.6%) patients with stage
HI-IVB NPC received CCRT + NACT/AC. Reasons for
incompliance included refusal by individual patients or
age or organ dysfunction suggestive of intolerance to
treatment. When possible, salvage treatments (intracavitary
brachytherapy, surgery, or chemotherapy) were provided for
documented relapse or persistent disease.

Definitions of variables

The wait time was defined as the number of days
between the date of diagnosis (date of biopsy) and the date
of definitive RT. A cutoff value of > 4 weeks was used
to define a prolonged wait time [6]. Comorbidities were
assessed using the ACE-27 [19], which grades specific
conditions on the basis of organ system decompensation
using a three-point scale: 0 = none, 1 = minimal, 2 =
moderate, and 3 = severe.

Follow-up and statistical analysis

The follow-up duration was measured from the first
day of treatment to the day of last examination or death.
All patients were examined every 3 months during the first
2 years, with follow-up examinations every 6 months for
3 years thereafter or until death. The primary endpoint was
PFS, defined as the time from the first day of therapy to
the date of disease progression or death from any cause.
The secondary endpoints included OS, defined as the
time from the first day of therapy to the date of the last
follow-up or death from any cause, and DMFS and LRFS,
defined as the time from the first day of therapy to the
date of detection of distant metastasis and locoregional
recurrence, respectively.

We selected patients with a wait time of > 4 weeks
who were matched with those with a wait time of < 4 weeks
using PSM, a method for creating similar case (wait time
> 4 weeks) and control (wait time < 4 weeks) sets from
an existing dataset of the presumed covariates to minimize
possible bias in a retrospective analysis [22]. Propensity
scores were computed by logistic regression for each patient
using the following covariates: age, sex, chemotherapy

regimen, T-stage, N-stage, clinical stage, and ACE-27
score. Patients with a wait time of > 4 weeks and < 4 weeks
were then matched without replacement at the ratio of 1:1
for those scores, rather than the individual covariates. PSM
was also utilized to identify matched patients in subsequent
stratified analyses.

SPSS (version 19.0; SPSS Inc, Chicago, Ill), and
STATA version 12.0 (Stata Corporation, College Station, TX)
were used for all statistical analyses. Covariate balance
between matched groups was examined by chi-square
tests or Fisher’s exact tests when indicated. Kaplan—Meier
curves were used to estimate the actuarial rates and log-
rank tests were used for comparisons [23]. Multivariate
analyses using Cox proportional hazards model were
used to test for independent significance by backward
elimination of insignificant explanatory variables [24].
The following parameters were included in the model as
covariates: age (> 45 years vs. < 45 years), sex (male vs.
female), chemotherapy (with vs. without), T-stage (T34
vs. T1-2), N-stage (N1-3 vs. NO), and ACE-27 score
(>1 vs. <1). Two-tailed P-values of <0.05 were considered
statistically significant.

GRANT SUPPORT

This work was supported by the Health &
Medical Collaborative Innovation Project of Guangzhou
City, China (201400000001), the National Science &
Technology Pillar Program during the Twelfth Five-
year Plan Period (2014BAI09B10), the Key Laboratory
Construction Project of Guangzhou City, China
(121800085), the National Natural Science Foundation
of China (81302366), and the Medical Science and
Technology Research Foundation of Guangdong Province
(B2013148).

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

REFERENCES

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.
Global cancer statistics. CA Cancer J Clin. 2011; 61:69-90.

2. Lai SZ, Li WF, Chen L, Luo W, Chen YY, Liu LZ, Sun'Y,
Lin AH, Liu MZ, Ma J. How does intensity-modulated
radiotherapy conventional  two-dimensional
radiotherapy influence the treatment results in nasopharyngeal
carcinoma patients? International journal of radiation
oncology, biology, physics. 2011; 80:661-668.

3. Baujat B, Audry H, Bourhis J, Chan AT, Onat H, Chua DT,
Kwong DL, Al-Sarraf M, Chi KH, Hareyama M, Leung SF,
Thephamongkhol K, Pignon JP, et al. Chemotherapy in

Vversus

locally advanced nasopharyngeal carcinoma: an individual
patient data meta-analysis of eight randomized trials and 1753

www.impactjournals.com/oncotarget

14981

Oncotarget



10.

11.

13.

patients. International journal of radiation oncology, biology,
physics. 2006; 64:47-56.

Chen YP, Wang ZX, Chen L, Liu X, Tang LL, Mao YP,
Li WF, Lin AH, Sun Y, Ma J. A Bayesian network meta-
analysis comparing concurrent chemoradiotherapy followed
by adjuvant chemotherapy, concurrent chemoradiotherapy
alone and radiotherapy alone in patients with locoregionally
advanced nasopharyngeal carcinoma. Ann Oncol. 2015;
26:205-211.

Chen YP, Guo R, Liu N, Liu X, Mao YP, Tang LL, Zhou GQ,
Lin AH, Sun 'Y, Ma J. Efficacy of the Additional Neoadjuvant
Chemotherapy to Concurrent Chemoradiotherapy for Patients
with Locoregionally Advanced Nasopharyngeal Carcinoma: a
Bayesian Network Meta-analysis of Randomized Controlled
Trials. Journal of Cancer. 2015; 6:883-892.

Chen PC, Yang CC, Wu CJ, Liu WS, Huang WL, Lee CC.
Factors predict prolonged wait time and longer duration of
radiotherapy in patients with nasopharyngeal carcinoma: a
multilevel analysis. PloS one. 2014; 9:¢109930.

Yun YH, Kim YA, Min YH, Park S, Won YJ, Kim DY, Choi 1J,
Kim YW, Park SJ, Kim JH, Lee DH, Yoon SJ, Jeong SY, et al.
The influence of hospital volume and surgical treatment delay
on long-term survival after cancer surgery. Ann Oncol. 2012;
23:2731-2737.

Simunovic M, Rempel E, Theriault ME, Baxter NN, Virnig BA,
Meropol NJ, Levine MN. Influence of delays to nonemergent
colon cancer surgery on operative mortality, disease-specific
survival and overall survival. Can J Surg. 2009; 52:E79-E86.
Robinson KM, Christensen KB, Ottesen B, Krasnik A.
Diagnostic delay, quality of life and patient satisfaction
among women diagnosed with endometrial or ovarian
cancer: a nationwide Danish study. Qual Life Res. 2012; 21:
1519-1525.

Richards MA, Westcombe AM, Love SB, Littlejohns P,
Ramirez AJ. Influence of delay on survival in patients with
breast cancer: a systematic review. Lancet. 1999; 353:
1119-1126.

Pacifico MD, Pearl RA, Grover R. The UK Government two-
week rule and its impact on melanoma prognosis: an evidence-
based study. Ann R Coll Surg Engl. 2007; 89:609-615.
Huang J, Barbera L, Brouwers M, Browman G, Mackillop WJ.
Does delay in starting treatment affect the outcomes of
radiotherapy? A systematic review. J Clin Oncol. 2003;
21:555-563.

Fortin A, Bairati I, Albert M, Moore L, Allard J, Couture C.
Effect of treatment delay on outcome of patients with
early-stage head-and-neck carcinoma receiving radical
radiotherapy. International journal of radiation oncology,
biology, physics. 2002; 52:929-936.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Lee AW, Chan DK, Fowler JF, Poon YF, Law SC, Foo W,
O SK, Tung SY, Cheung FK, Ho JH and et al. Tl
nasopharyngeal carcinoma: the effect of waiting time on
tumor control. International journal of radiation oncology,
biology, physics. 1994; 30:1111-1117.

Austin PC. The relative ability of different propensity score
methods to balance measured covariates between treated
and untreated subjects in observational studies. Med Decis
Making. 2009; 29:661-677.

Elit LM, O’Leary EM, Pond GR, Seow HY. Impact of wait
times on survival for women with uterine cancer. J Clin
Oncol. 2014; 32:27-33.

Paleri V, Wight RG, Silver CE, Haigentz M, Jr., Takes RP,
Bradley PJ, Rinaldo A, Sanabria A, Bien S, Ferlito A.
Comorbidity in head and neck cancer: a critical appraisal and
recommendations for practice. Oral Oncol. 2010; 46:712-719.
Baijal G, Gupta T, Hotwani C, Laskar SG, Budrukkar A,
Murthy V, Agarwal JP. Impact of comorbidity on therapeutic
decision-making in head and neck cancer: audit from a
comprehensive cancer center in India. Head & neck. 2012;
34:1251-1254.

Guo R, Chen XZ, Chen L, Jiang F, Tang LL, Mao YP, Zhou GQ,
Li WF, Liu LZ, Tian L, Lin AH, Ma J. Comorbidity predicts
poor prognosis in nasopharyngeal carcinoma: development
and validation of a predictive score model. Radiother Oncol.
2015; 114:249-256.

Chen YP, Sun Y, Chen L, Mao YP, Tang LL, Li WF, Liu X,
Zhang WN, Zhou GQ, Guo R, Lin AH, Ma J. Surrogate
endpoints for overall survival in combined chemotherapy
and radiotherapy trials in nasopharyngeal carcinoma:
Meta-analysis of randomised controlled trials. Radiother
Oncol. 2015.

Edge SB and American Joint Committee on Cancer. (2010).
AJCC cancer staging manual. (New York: Springer).
D’Agostino RB, Jr. Propensity score methods for bias
reduction in the comparison of a treatment to a non-
randomized control group. Stat Med. 1998; 17:2265-228]1.
Kaplan EL, Meier P. Nonparametric estimation from
incomplete observations. J Am Stat Assoc. 1958; 53:457-481.

Cox DR. Regression models and life-tables. J Royal Statist
Soc Series B. 1972; 34:187-202.

www.impactjournals.com/oncotarget

14982

Oncotarget



