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ARTICLE INFO ABSTRACT

Background: Tumor-nodal-metastasis (TNM) is the most important survival predictor in nasopharyngeal carci-
noma (NPC). Distant metastasis (DM) is the predominant failure pattern of NPC in the intensity-modulated
radiotherapy (IMRT) era. The DM risk appears to be different for T-N subsets within the same clinical stage.
Appropriately depicting DM risk has emerged as an important issue in tailoring individualized treatment and
underpins the reason for this study.

Methods: A total of 1616 non-metastatic (M0) NPC patients treated with IMRT were included. All were re-staged
according to the 8th edition AJCC/UICC TNM (TNM-8). DM-free survival (DMFS) was calculated and compared
among T-N subsets within each stage and DM risk groups were derived by Recursive-partitioning analysis (RPA)
based on ordinal T and N categories.

Results: Significant heterogeneity in DM risk was evident among T-N subsets within cTNM-8 stages II-IV. The
RPA algorithm classified patients into four DM risk groups: RPA-I (TINO-1 and T2-3N0), RPA-II (T2-3N1), RPA-
III (T4NO-1 and T1-3N2) and RPA-IV (T4N2 and T1-4N3), with 5-year DMFS of 93.4% (95% CI: 91.3-96.1),
84.3% (80.8-87.8), 78.9% (75.4-82.4) and 63.6% (56.3-70.9), respectively (p < 0.001). Compared to cTNM-8
stage grouping, RPA grouping had a lower Akaike information criterion (AIC) and higher Harrell’s concordance
index (c-index) for DMFS.

Conclusions: Significant heterogeneity in DM risk exists among T-N subsets within ¢cTNM-8 stages. The RPA
groups demonstrated improved intra-group hazard consistency compared to cTNM-8 stage groups. While further
validation is warranted, these RPA prognostic groupings provide a strong anatomic foundation to augment DM
prediction for optimal targeting in future clinical trials.
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Introduction appropriate stratification is an important first step to tailoring more

individualized treatment and improving survival.

The application of intensity-modulated radiotherapy (IMRT) has
significantly improved loco-regional control (LRC) of nasopharyngeal
carcinoma (NPC); however, about 15% to 30% patients experience
failure at distant sites [1]. In fact, distant metastasis (DM) has become
the principal form of failure and main cause of death for NPC patients
following IMRT [1,2]. Therefore, precise evaluation of DM risk and

The anatomic tumor-node-metastasis (TNM) staging system has
long been recognized as the most important survival indicator for NPC
patients, and is critical in facilitating treatment planning. While in-
valuable for cancer treatment, and with additional advantages from
simplicity and ease of use worldwide, the TNM classification was re-
cognized at its genesis as having limitations. Thus, it has always been
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appreciated that many factors in addition to TNM contribute to prog-
nosis (including age, sex, social determinants of health and numerous
pathological factors) [3]. Moreover, other outcomes may be governed
by separate prognostic factors compared to overall survival (OS), the
usual end-point used in cancer staging[4,5]. For this reason, the UICC
and AJCC have attempted to refine knowledge and processes to address
important prognostic factors relevant to outcomes following specific
treatments [6]. To date for NPC, there has not been a comprehensive
process to address the prediction of DM, potentially the most important
outcome that governs survival in this disease. This may largely be a
consequence of the traditional concern about achieving local control in
the protected sanctuary of the skull base; however, this emphasis has
diminished with the contemporary high LRC rates due to IMRT, high
quality imaging, and cisplatin chemotherapy as a potential radio-
therapy sensitizer. Effectively the challenge has shifted to the risk of
DM, which may have its own unique characteristics and may be re-
ceptive to new approaches that may target DM separately.

Although many biomarkers, such as blood EBV-DNA [7,8], and
serum lactate dehydrogenase (LDH) [9,10], have been identified as DM
predictors, TNM categories and stage groups represent the basic ana-
tomic building blocks needed to explore incorporation of these bio-
markers. Unfortunately, significant heterogeneity in risk of DM is often
observed for different T-N subgroups of patients within apparently
equivalent clinical TNM stage [11-16]. The UICC/AJCC staging system
was updated to the 8th version (TNM-8)[17], in which both T and N
categories were modified. Whether the heterogeneity of DM risk still
exists within the updated stage groupings remains unknown. Hence, we
conducted this retrospective analysis of a series of non-metastatic NPC
patients treated with IMRT in our institution to evaluate the predict-
ability of DM risk within each TNM-8 stage. We used recursive-parti-
tioning analysis (RPA) to construct a framework intended to provide
high sensitivity to predict DM risk using the anatomic components of
the 8th edition T and N. It is envisioned that additional biomarkers
factors could subsequently be employed to refine the risk and determine
with precision subgroups of patients with the greatest need for novel
systemic treatments to reduce DM. Such factors could comprise tissue-
based factors such as microRNA signatures [18,19] or circulating blood
indices such as EBV copy number or LDH levels.

Materials and methods
Patients and treatment

Patients with histologically-proven NPC who received definitive
IMRT with or without chemotherapy at our institution between June
2005 and December 2011 were candidates for this retrospectively
study. Other eligible criteria included: (1) no history of previous
treatment or prior malignancy; (2) a completed pretreatment evalua-
tion according to our institutional protocol [20], (3) availability of
imaging data that permitted re-staging according to the TNM-8 [17].
With these criteria, 1616 patients from our database were eligible for
this analysis, of whom 1197 were previously included, together with a
cohort from Hong Kong, in the original study that proposed the TNM-8
classification [17]. Imaging data were reviewed, and T and N categories
were reclassified according to the TNM-8 criteria. This retrospective
study was conducted in compliance with the policy of our institution to
protect the private information of patients enrolled, and was approved
by the Institutional Review Board of our hospital.

All patients received IMRT with or without chemotherapy. A de-
tailed description of the IMRT planning and dose prescription has
previously been published [20]. Additional treatment with platinum-
based chemotherapy (various schedules) was administered to 91.2% of
patients with stage II-IVA (Table 1 and supplementary table). The most
commonly used regimens for neoadjuvant and adjuvant were paclitaxel
or gemcitabine plus cisplatinum; however, the specific regimen of
chemotherapy was chosen at the discretion of the attending physician
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Table 1
Patient characteristics at baseline based on the 8th edition of AJCC/UICC
stage classification.

Covariate N (%)
Gender
Male 1211 (74.9%)
Female 405 (25.1%)

Age (years)

Median (Min, Max)
LDH ((IU/L)

Median (Min, Max)

46 (11-84)

147 (71-586)

Missing 4
Chemotherapy

No 191 (11.8)

Yes 1425 (88.2)
Chemotherapy cycles

<3 901 (55.8)

>3 715 (44.2%)
Pathology

Keratinizing squamous cell 17 (1.0)

Nonkeratinizing, differentiated 116 (7.2)

Nonkeratinizing, undifferentiated 1483 (91.8)
T classification

T1 413 (25.6)

T2 288 (17.8)

T3 591 (36.6)

T4 324 (20.0)
N classification

NO 226 (14.0)

N1 884 (54.7)

N2 346 (21.4)

N3 160 (9.9)
Clinical stage

I 77 (4.8)

I 397 (24.6)

111 678 (42.0)

v 464 (28.7)

Abbreviation: LDH = lactate dehydrogenase

according to individual case features and patient perference.The che-
motherapy schedules ranged from 1 to 6 cycles.

Statistical analyses

The primary endpoint was DMFS (time to DM) where death without
DM was censored. An additional endpoint was OS (time to death due to
any causes). Descriptive statistics were provided with median and
ranges for continuous variables, and frequency and percentages for
categorical variables. Survival curves were created with the
Kaplan-Meier method and compared by log-rank test. Multivariate
analyses (MVA) by Cox proportional hazards model were performed to
evaluate the stage prognosis on DMFS and OS, adjusting by clinical
factors; the latter included age, gender, LDH, and treatment (che-
motherapy yes vs. no). Hazard ratio (HR) with corresponding 95%
confidence intervals were provided.

To derive new groupings for patients with different risks of DM, RPA
using the STREE program (http://masal.med.yale.edu/stree/) was
performed to construct RPA groups objectively with ordinal T (T1/T2/
T3/T4) and N (NO/N1/N2/N3) categories. This algorithm was based on
the optimized binary partitions of T or N categories. It resulted in
subgroups with relatively homogeneous DMFS performance. The per-
formance of the RPA groups and TNM-8 stages in predicting DMFS were
then compared with the Akaike information criterion (AIC)[21] and
Harrell’s concordance index (c-index)[22]. The AIC and c-index were
both calculated for the Cox proportional hazards regression model. The
prognostic performance of the RPA groups on OS was also evaluated.
All statistical analyses were conducted with SPSS 22.0 and R3.13, and
two-tailed P values < 0.05 were considered statistically significant.


http://masal.med.yale.edu/stree/

Q. Guo, et al.

A Clinical Stage
. 1001 :
S
[
S 80T
=
=1
»
o
o 601
&=
0
»
S 40l -l 97.4% (93.9%-100%)
& -l 90.7% (87.8%-93.6%)
@ Il 82.5% (79.4%-85.6%)
£ IV 71.6% (67.1%-76.1%)
e 2071
S p<0.001
ot
2
[
o..
0 24 48 72 %
Time(months)
No. at risk
| 77 75 61 18 4
1 397 372 264 75 16
I} 678 590 439 141 34
v 464 360 243 70 14
c Stage IlI
. 100t
S —FITIN2
< —FIT2N2
® —MIT3ND
> 1 —MIT3N1
S 80 T3N2
—
=1
»
o
o 60T
=
34
<
% 4ot
© p T2N2 T3NO T3N1 T3N2
° TIN2 0410 0152 0699 0.103
£ T2N2 0022 0521 0509
e 207 T3NO . 0047  0.003
S T3N1 0.049
2
a
0..
0 24 48 72 9%
Time(months)
No. at risk
T1N2 79 69 55 16 4
T2N2 66 59 43 13 1
T3NO 74 67 57 17 2
T3N1 316 276 187 55 15
T3N2 143 116 88 38 12

Oral Oncology 91 (2019) 113-120

B
Stage Il
o~ 1007
e
E —MITINT
= 80t —MIT2NO
- —FIT2NA
3
»
[
o 607
=
2
S
% 407 p o TING T2N1
]
@ T2NO  0.959  0.288
£ TN 0.065
e 207
]
o
2
o
0..
0 24 48 72 9%
Time(months)
No. at risk
T1N1 221 198 142 33 8
T2NO 32 31 24 6 3
T2N1 154 142 98 36 5
D
Stage IV
1001
< —T4NO
o
< —MITAN1
© —IT4N2
= got —MITING
s T2N3
5 T3N3
" ~MIT4N3
@
o 601
=
L2
7]
s 40+ p TANT  T4N2  TIN3  T2N3 T3N3 T4N3
g TANO 0209 0021 0028 0201 0017  0.049
° Tan1 0.068 0105 0761 0056  0.200
£ Tan2 0919 0365 0841 0976
€ 20T  TiN3 . _ R 0386  0.869  0.902
] T2N3 . . . 0299 0493
2 T3N3 N . . 0.924
o
0._
0 24 48 72 96
Time(months)
No. at risk
T4NO 43 37 26 6 1
T4N1 203 164 112 30 6
T4N2 58 42 21 5 1
T1N3 46 34 24 7 1
T2N3 36 28 17 6 0
T3N3 58 39 31 11 4
T4N3 20 14 8 3 0

Fig. 1. Kaplan-Meier curves of DMFS in NPC patients with the 8th edition clinical TNM stage (A), T-N subsets within stage II (B), stage III (C), and stage IV (D).

Results

Patients’ characteristics and performance of the TNM-8 in predicting risk of
DM

The clinical characteristics of the 1616 eligible patients are listed in
Table 1. The majority were nonkeratinizing (undifferentiated) carci-
noma (1483, 91.8%) according to the World Health Organization
(WHO) classification. Median follow-up time was 53 months. A total of
93 (5.8%) local, 72 (4.5%) regional, and 273 (16.9%) distant failures

were identified. The 5-year DMFS for TNM-8 stage I, II, III and IV were
97.4% (95% CI: 93.9-100), 90.7% (87.8-93.6), 82.5% (79.4-85.6) and
71.6% (67.1-76.1), respectively (Fig. 1A). Although a relatively
monotonic reduction in 5-year DMFS according to higher clinical stages
was evident and the difference was statistically distinguishable between
adjacent clinical stages, subgroups within the same clinical stage de-
monstrated poor consistency of metastatic hazard, as indicated in
Figure 1.

For patients with TNM-8 stage II, the T2N1 subset (n = 154) had a
lower DMFS compared to other stage II patients (92.9% vs. 86.0%,
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Fig. 2. The proposed risk grouping derived by recursive partitioning analysis (RPA) (A and B); T-N grouping of the 8th edition TNM staging system(C); Kaplan-Meier
curves for RPA-DMFS (D), RPA-OS (E) and 8th edition Clinical TNM stage - OS (F).

p = 0.049). For stage III, the 5-year DMFS was significantly different be-
tween T3NO and T2N2 (92.9% vs. 80.0%, p = 0.022), T3NO and T3N1
(92.9% vs. 84.1%, p =0.047), T3NO and T3N2 (92.9% vs. 75.7%,
p = 0.003), and T3N1 vs T3N2 (84.1% vs. 75.7%, p = 0.049) (Fig. 1C). For

patients with stage IVA, the risk of

116

DM was also significantly different be-

tween T4NO and T4N2 (85.8% vs. 60.1%, p = 0.021), T4NO and T1N3
(85.8% vs. 58.7%, p = 0.028), T4NO and T3N3 (85.8% vs. 63.4%,
p = 0.017), and T4NO vs. T4N3 (85.8% vs. 60.0%, p = 0.049) (Fig. 1D)
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Table 2
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Multivariate analysis of risk of distant metastasis by Clinical stage and RPA groups adjusting for other potential predictors.

Covariate Clinical stage RPA group
HR 95% CI p HR 95% CI p

Gender

Male reference reference

Female 0.734 (0.538, 1.001) 0.051 0.743 (0.544, 1.016) 0.063
Age (years) 1.012 (1.002, 1.022) 0.021 1.012 (1.002, 1.023) 0.018
LDH (IU/L) 1.005 (1.002, 1.008) 0.001 1.005 (1.002, 1.008) 0.003
Chemotherapy

<3 cycles reference reference

>3 cycles 1.038 (0.807, 1.334) 0.772 0.996 (0.773, 1.283) 0.977
Clinical stage

Stage I reference

Stage II 3.977 (0.957, 16.530) 0.058

Stage III 7.014 (1.726, 28.503) 0.006

Stage IV 11.702 (2.879, 47.562) < 0.001
RPA group

RPA-I reference

RPA-II 2.560 (1.606, 4.080) < 0.001

RPA-III 3.437 (2.200, 5.370) < 0.001

RPA-IV 6.054 (3.773, 9.716) < 0.001

Abbreviation: LDH = lactate dehydrogenase; RPA = Recursive-partitioning analysis; HR = hazard ratio for distant metastasis; CI: confidence interval

Refined RPA-based anatomic stage groupings for different DM risk strata

RPA classified patients into four distinct DM risk groups: RPA-I (T1-
3NO and TINI, n = 394), RPA-II (T2-3N1, n = 470), RPA-III (T4NO-1
and T1-3N2, n = 534) and RPA-IV (T4N2 and T1-4 N3, n = 218), with
5-year DMFS of 93.4% (95% CI: 91.3-96.1), 84.3% (80.8-87.8), 78.9%
(75.4-82.4) and 63.6% (56.3-70.9), respectively (p < 0.001)
(Fig. 2A-D). The Cox regression model, adjusting for age, gender,
treatment modality and LDH, confirmed that higher RPA groupings
conferred a higher risk of DM (Table 2).

As shown in Fig. 3, the RPA model showed better intra-group con-
sistency, when compared with clinical TNM-8 stage with a lower AIC
(3845.2 vs. 3860.5) and higher c-index (0.665 vs. 0.657) for DMFS
(Table 3).

It is worth mentioning that the RPA groupings also showed better
performance in predicting risk of death versus TNM-8 stages, with a
lower AIC (3713.6 vs. 3714.2) and higher c-index (0.721 vs. 0.719)
(Table 3). Five-year OS of RPA-I, RPA-II, RPA-III and RPA-IV were
92.9% (95% CIL: 90.0-95.8), 85.8% (82.2-88.8), 78.0% (74.3-81.7) and
66.5% (59.4-73.6), respectively (p < 0.001) (Figure 2E).

Discussion

This large single institution cohort of non-metastatic NPC treated
with IMRT showed that, similar to the 6th and 7th edition UICC/AJCC
staging system, TNM-8 has limitations in portraying the risk of DM
consistently within each stage. Using an RPA algorithm, we generated
the following four distinctly different DM risk groups: RPA-I (T1-3NO
and T1N1), RPA-II (T2-3N1), RPA-III (T4N0-1 and T1-3N2) and RPA-IV
(T4N2 and T1-4N3) [Fig. 2]. This RPA risk grouping performed better
in depicting risk of DM compared to TNM-8 stage grouping with im-
proved homogeneity in DM risk among T-N subsets within each group.

Earlier we indicated that the AJCC and UICC have traditionally
recommended OS as the preferred end-point to use in staging and
prognostic studies since it has the fewest methodological issues in de-
termining outcome reliably; however the AJCC has also acknowledged
that disease-specific survival may provide additional benefit through
censoring and adjustment for competing risk. In addition, greater
granularity addressing other outcomes (e.g. recurrence) might need to
be considered in realizing the goals for individualizing prognosis in the
practice of precision oncology [4]. With advances in radiotherapy and
imaging techniques (e.g. IMRT and MRI), as well as the addition of

chemotherapy, the pattern of failure for NPC has changed. LRC is no
longer a major challenge of this disease. DM has emerged as the major
form of failure and cause of death for this patient population. Appro-
priately depicting DM risk is an important initial step in contemporary
risk tailored approaches. Several RPA prognostic models relying on EBV
DNA combined with TNM-8 have been proposed to depict risk of dis-
ease progression or death, but not DM specifically[23,24]. However,
such models face other practical challenges since large inter-laboratory
variability exists[25] and a proportion (20-30%) of NPC patients have
undetectable EBV DNA even in advanced presentations, including in
endemic regions [26]. In addition, due to inter-laboratory variability,
the optimal cutoff value of EBV DNA also remains elusive [27-29]. In
contrast our anatomic-based RPA risk stratification for DMFS serves a
practical advantage in the current environment and provides a frame-
work for future essential biomarkers to be incorporated using the
strongest initial predictive partitions.

The RPA-I group comprised T1-3NO and TIN1 subsets and was
classified as the low-risk of DM group with both DMFS and OS ex-
ceeding 90%. It is intuitive that DM risk appears strongly linked to
nodal disease burden while primary disease extent plays a lesser role.
These results are consistent with several other IMRT series. Similarly
high DMFS and OS in the T1-3NO subsets was also observed by Sun
et al. [30] while high DMFS in T1N1 subset was reported by Su et al.
[31], although both reports were based on TNM-7. Notably, the current
study identifies the majority of stage II (with the exception of T2N1)
and a small subset of stage III (T3NO) as having a low risk of DM (RPA-
). However there are clinical implications for this finding since current
treatment guidelines advocate routine chemo-radiotherapy for stage II
and III. Whether chemotherapy is needed in stage II NPC has been a
subject of debate. The indication for chemotherapy in stage II disease is
based on a single randomized trial undertaken before the advent of
IMRT and the definition of ‘stage I’ in the trial used the Chinese 1992
NPC stage classification where a small proportion [11% RT alone and
16% concurrent chemoradiotherapy (CCRT) arm] had bilateral upper
neck nodal disease (representing N2/stage III by TNM-7/TNM-8 defi-
nition) [32]. Several retrospective reports[12,33-35] suggest that TNM-
7 Stage II disease managed with IMRT alone could achieve comparable
outcomes to CCRT. Two recently completed phase II trials both con-
firmed similarly high 5-year DMFS (> 90%) and OS (> 85%) in stage II
NPC patients treated with IMRT without vs with concurrent [36]or
concurrent-adjuvant chemotherapy [37]. It should be noted that T3NO,
a subset of RPA-I belonging to TNM-8 stage III disease, also shows a low
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Fig. 3. Kaplan-Meier curves for DMFS of T-N subsets in NPC patients within each RPA groups: (A) RPA-I, (B) RPA-II, (C) RPA-III and (D) RPA-IV.

risk of DM, which is supported by several observational studies
[13,30,38] implying that CCRT may have limited survival advantages
over IMRT alone in this subset as well. In the present study very few
T1N1 and T2-3 NO patients received IMRT alone and we are unable to
evaluate whether the high DMFS would be maintained if chemotherapy
was omitted in these subsets. Notwithstanding these favorable results in
observational studies, we must maintain a cautious and evidence-based
approach to the omission of chemotherapy in RPA-I until more data
from randomized trials are available.

RPA-II, represented by T2N1 and T3N1 disease, is a group of pa-
tients with low-intermediate risk of DM. In the 2D-RT era, T2N1 disease
was a unique subgroup of stage II characterized by worse survival
[39-41], and our results and published evidence suggest that this si-
tuation has not changed in the IMRT era [11,16,31,42,43]. Su et al.
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[31] argued that, although LRC was equivalent in patients with stages
IIb and I NPC, T2bN1 disease might have a greater DM risk when
treated with RT alone. Our previous data indicated that T2N1MO dis-
ease (TNM-7) experience significantly poorer OS (85.7% vs. 93.4%,
p = 0.044) and DMFS (84.3% vs. 93.7%, p = 0.010) compared to those
with TIN1MO disease[11]. Luo et al [42] also demonstrated that 3-year
0S (74.5% vs 100.0%, p = 0.01) and DMFS (86.7% vs. 100.0%,
p = 0.04) were significantly poorer in T2N1 (all were T2bN1 in TNM-6)
compared to T1-2NO and T1N1 patients. Another candidate included in
RPA-II is T3N1 disease, a long recognized low-risk subgroup of “ad-
vanced” stage, and one that has been frequently excluded from clinical
trials addressing loco-regionally advanced NPC (LA-NPC). Based on the
evidence presented herein, RT alone for RPA-II seems less suitable for
de-intensification strategies that omit chemotherapy. The most optimal
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Table 3
Performance of RPA model and clinical stage in predicting risk of distant me-
tastasis and overall survival.

Stage group RPA group

Distribution

I 77 (4.8) 394 (24.4)

I 397 (24.6) 470 (29.1)

il 678 (42.0) 534 (33.0)

v 464 (28.7) 218 (13.5)
5-y DMFS

I 97.4% 93.4%

I 90.7% 84.3%

11 82.5% 78.9%

v 71.6% 63.6%
C-index of DMFS (95%CI) 0.657 (0.622-0.692) 0.665 (0.630-0.700)
AIC of DMFS 3860.5 3845.2
5-y OS

I 95.8% 92.9%

I 90.9% 85.5%

111 83.5% 78.0%

v 71.2% 66.5%
c-index of OS (95%CI) 0.719 (0.684-0.754) 0.721 (0.686-0.756)
AIC of OS 3714.2 3713.6

Abbreviation: DMFS = distant metastasis-free survival, OS = overall survival:
AIC = Akaike information criterion; 5y = 5-year

combination of chemotherapy is unclear. Well-designed RCTs are
needed to assist in establishing the best use of chemotherapy in RPA-II.

RPA-III (T4NO-1 and T1-3N2) is an intermediate-high risk group,
with a 5-year DMFS rates of 78.9%. T4NO-1 are stage IV candidates, but
are generally considered to have a relatively lower risk of DM compared
to other stage IV patients [44-46]. A study from Turkey included 90
patients staged as T4NO using the 5th edition TNM (TNM-5), and only 6
patients (6/90, 6.6%) developed DM at a median follow-up time of
38 months following definitive radiotherapy using 2D-RT techniques
[44]. Cao et al. [46] analyzed a series of 335 non-metastatic T4 clas-
sification (TNM-7) NPC patients treated by IMRT, and found that pa-
tients with T4NO-1 had significantly better DMFS compared to T4N2-3
disease (84.0% vs. 68.3%, p = 0.003). It maybe hypothesized that
T4NO-1, especially T4NO patients, represent biologically different dis-
eases with different clinical behavior and gene expression patterns [47],
and may potentially require different treatment approaches, when
compared with other stage IV disease. Some investigators have even
indicated that T4NO-1 should be classified as stage III [16]. Whether
these suggestions are appropriate remains to be explored, preferably in
trials.

Besides N3 disease, T4N2 patients were also classified as the highest
DM risk subset (RPA-IV) with a 5-year DMFS of only 63.6% although
almost all of them received intensified treatment, thereby mirroring
results reported by Li et al. [16]. This suggests that novel treatment
strategies, such as immunotherapy or novel chemotherapy agents and
sequencing, for this subset of patients are needed. Accurate means to
identify these subgroups is also warranted, as provided by the current
study (i.e. RPA-IV), to facilitate clinical trial design exploring more
effective systemic agents and/or sequences.

Several limitations should be noted when interpreting our results.
Firstly, this is retrospective study of a relatively unselected large NPC
population that includes the entire spectrum of disease (stage I-IV).
Although we have adjusted major confounders including chemotherapy
cycles for DMFS, other factors, such as chemotherapy regimens, number
and type of chemotherapy agents, and treatment compliance, might still
influence results. Secondly, the data were derived from an academic
cancer center in an endemic jurisdiction. Whether the findings can be
reproduced and are generalizable to other patient populations remains
to be determined. External validation in independent datasets is war-
ranted. Thirdly, some may argue that non-anatomical factor, such as
EBV-DNA [23,24,48], should be integrated into the model; however,
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routine detection of plasma EBV-DNA is not widely used in secondary/
tertiary hospitals, and the methodology has not been standardized so
far. Finally, the observed improvement in AIC and C-index RPA DM risk
grouping vs TNM-8 is modest. While statistically different DM risk
seemed be present among some T-N subsets within TNM-8 stage
grouping, they no longer exist within the RPA risk grouping (p value
were all > 0.05 between T-N subsets within each RPA risk group). It is
conceivable that including other parameters, such as tumor volume,
might further improve depiction of DM risk. Primary gross tumor vo-
lume (GTV) has been shown to be prognostic for NPC in several studies
and has been proposed for inclusion in the T classification [49-51].
However, this factor was not included in the 8th edition due to lack of
consensus about who should determine this component (radiology vs
radiation oncology), uncertainty about optimal cutoffs, and which
imaging modality (CT, MRI, or PET) should be used as a basis for
evaluation, as well as concerns about inter-rater variation and applic-
ability on a worldwide basis. In this situation, our model presents a
practical way for evaluating risk of DM, and provides a relatively stable
anatomic framework that partitions according to a DM risk hierarchy
that may permit EBV DNA to be most optimally incorporated in the
future, when testing methods become more standardized and available
widely.

Conclusions

This large single institution study of a contemporary treated NPC
cohort shows that DM risk increases with higher TNM-8 stage, although
significant heterogeneity exists for DMFS within each stage. Deriving
relatively homogeneous DM risk groups would help refine treatment
strategies. Using an RPA algorithm, we generated four groups based on
TNM-8T and N definitions, namely RPA-I (T1NO-1 and T2-3N0), RPA-II
(T2-3N1), RPA-III (T4NO-1 and T1-3N2) and RPA-IV (T4N2 and T1-
4N3). These RPA risk groupings performed better in stratifying DM risk
compared to the TNM-8 stage grouping. If these results can be validated
with independent datasets, it should be useful in guiding future ther-
apeutic trials for the best utilization of chemotherapy (i.e. regimens and
courses) with IMRT. It also provides an anatomic framework to permit
incorporation of biomarkers to further enhance prediction of risk of
DM.
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