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Purpose: To construct a prognostic index (PI) for overall survival (OS) to stratify
nasopharyngeal carcinoma (NPC) into high-risk and low-risk groups. We also applied
the model to investigate the role of the addition of adjuvant chemotherapy (AC) to
concurrent chemoradiotherapy (CCRT) regimens for the treatment of NPC.

Methods: A prognostic model was established based on a retrospective study of 362
patients from January 2008 to June 2011. The discriminative and calibration abilities of
the model were evaluated by Harrell’s concordance index (C-index), and calibration curves.
Bootstrapping was used to perform for internal validation. External validation was conducted
using 324 patients diagnosed with NPC from July 2011 to December 2012 at the same
institution. Survival analyses were performed between CCRT-AC and CCRT alone groups
for the high-risk and low-risk groups.

Results: The primary PI comprised covariates that were associated with OS in the training
cohort, including T stage, N stage, age, and plasma alkaline phosphatase (ALP). Internal and
external validation showed that the discrimination of the PI for OS was significantly better
than that of the 8th edition AJCC staging system. Discretization by using a fixed PI score
cut-off of 407.96 determined from the training data set yielded high- and low-risk subgroups
with distinct OS outcomes in the validation cohort. Adjuvant chemotherapy improved OS in
high-risk patients (HR 0.620, 95% CI 0.408 to 0.941; P = 0.023) but increased the risk of
distant metastasis (HR, 4.222, 95% CI, 0.959 to 18.585; P = 0.038) in low-risk patients.
Conclusion: The proposed prognostic model achieved good prediction and calibration of
OS for patients with NPC. The addition of adjuvant chemotherapy might be a double-edged
sword, bringing survival benefit to high-risk patients but greater risk of distant metastasis to
low-risk patients.

Keywords: nasopharyngeal carcinoma, prognostic model, concurrent chemoradiotherapy,

adjuvant chemotherapy

Introduction
Nasopharyngeal carcinoma (NPC) is prevalent in south-eastern China, Malaysia,
Indonesia, Singapore, Eastern Asia, and Northern Africa. According to surveys
from the International Agency for Research on Cancer, there are an estimated
129,079 new cases and 72,987 related deaths each year.1

Radiation therapy has been the mainstay of curative treatment for NPC for
decades. Currently, intensity-modulated radiotherapy (IMRT) is widely utilized,

submit your manuscript

Dove n

http:

in 3

Cancer Management and Research 2020:12 801-812 801
© 12020 Liang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
FarTmm 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati g/li /by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0002-7997-8268
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Liang et al

Dove

which significantly improves coverage of the target tumour
and spares normal structures, leading to increased local-
regional control and reduced radiotherapy-related toxici-
ties. Moreover, the addition of chemotherapy has increased
the survival time of NPC patients.>

Clinically, patients with the same TNM stage may have
different prognoses, which indicates that some other fac-
tors should be integrated to improve the prediction of
patient outcomes. Recent studies have reported that several
relevant variables are associated with patient survival,
including pretreatment serum lactate dehydrogenase
(LDH),’ leucopaenia,® anaemia,” and alkaline phosphatase
(ALP).?

In addition, a good model should not only help predict
prognosis but also help guide clinicians in making treat-
ment decisions. At present, there is controversy regarding
the role of adjuvant chemotherapy (AC) after concurrent
chemoradiotherapy (CCRT) for NPC. For example,
a multicentre randomized controlled trial observed no sig-
nificant survival benefits from the addition of adjuvant

chemotherapy to CCRT.” A retrospective study with

o

2263 patients also compared CCRT plus adjuvant che-
motherapy versus CCRT alone and found no survival
benefit from adjuvant chemotherapy.'® In contrast, a multi-
institutional retrospective study with 380 patients in the
CCRT alone arm and 327 patients in the CCRT-AC arm
showed that AC can significantly improve survival.''

The purpose of this study was to define possible
predictors of overall survival (OS) in NPC patients
treated with IMRT and to establish an effective prog-
nostic model to stratify high-risk and low-risk groups by
OS, which might provide an individualized prediction
for treatment outcomes. Furthermore, we aimed to apply
the model to investigate the role of the addition of AC
to CCRT regimens for the treatment of NPC.

Methods

Patients

Between January 2008 and December 2012, 686 patients
who were newly diagnosed with non-metastatic NPC
were retrospectively reviewed. Of these, 362 patients,
treated from January 2008 to June 2011, comprised the
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Figure | Study design. Part |: Construction of the prognostic model for overall survival to stratify NPC into high-risk and low-risk groups; Part 2: Application of the model

to determine the role of the addition of AC to CCRT for the treatment of NPC.

Abbreviations: NPC, nasopharyngeal carcinoma; CCRT, concurrent chemoradiotherapy; AC, adjuvant chemotherapy.
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training data set for model development. The remaining
324 patients formed the validation data set. Patients who
met the following criteria were enrolled in the study: (1)
differentiated or undifferentiated non-keratinizing NPC
(WHO classification); (2) without distant metastasis; and
(3) treated with IMRT. All of the NPC cases were
restaged accurately on the basis of the criteria of the
8th edition American Joint Committee on Cancer
(AJCC) staging system by two radiologists who specia-
lize in head and neck cancers. Patients with a previous
malignancy, pregnancy or lactation, or severe infection
or complications, such as unstable cardiac disease
requiring treatment, were excluded.

Treatment Strategies

A detailed description of IMRT has been published
previously.'? The prescribed dose was 68-74 Gy for the
primary tumour, 60-71 Gy for any involved cervical
lymph nodes, 60—-66 Gy for the high-risk region, and
54-60 Gy for the low-risk region in 30-32 fractions over
a period of 6~7 weeks. Patients with stage I disease
received IMRT alone. For patients with stage II-IV dis-
ease, IMRT in combination with systemic chemotherapy
of platinum-based regimens was administered. Concurrent
chemotherapy comprised cisplatin alone (100 mg/m?) or
cisplatin (80 mg/m?) on day 1 and 5-fluorouracil (5-FU;
750 mg/m?/day) by continuous intravenous infusion at
96 h. The regimens of induction chemotherapy (IC) or
AC comprised a combination of a platinum-based regimen
with two or three drugs, including TPF (docetaxel
75 mg/m?, cisplatin 75 mg/m? with 5-fluorouracil
750 mg/m? for 96 h continuously; docetaxel 60 mg/m?,
cisplatin 60 mg/m?, with 5-fluorouracil 600 mg/m? for
120 h continuously), PF (cisplatin 80 mg/m? and 5-fluor-
ouracil 750 mg/m® for 96 h continuously), and TP (doc-
etaxel, with cisplatin, 75 mg/m? on day 1).

Follow-Up

After completion of the treatments, the patients were
followed up every 3 months during the first 2 years,
every 6 months in the third to fifth years, and annually
thereafter through clinic visits or telephone interviews.
The information obtained was used to assess survival,
relapse patterns, and distant metastasis incidence.
Examinations included ultrasound scans of the liver
and abdomen, chest X-rays or computed tomography

(CT) scans, whole-body bone scans, CT or magnetic

resonance imaging scans of the head and neck, and
nasopharyngoscopy with or without biopsy.

Table | Characteristics of the Patients with Nasopharyngeal
Carcinoma in the Training and Validation Sets

Characteristics Training Set Validation Set
(N=362) (N=324)

Sex
Male 266 (73.5%) 257 (79.3%)
Female 96 (26.5%) 67 (20.7%)

Age, years® 45 (16-78) 46 (16-86)

KPS
70-80 158 (43.6%) 111 (34.3%)
90-100 204 (56.4%) 213 (65.7%)

T classification®

TI 41 (113%) 18 (5.6%)
T 116 (32.0%) 89 (27.5%)
T3 145 (40.1%) 134 (41 4%)
T4 60 (16.6%) 83 (25.6%)

N classification®

NO 38 (10.5%) 15 (4.6%)

NI 128 (35.4%) 112 (34.6%)

N2 149 (41.2%) 142 (43.8%)

N3 47 (13.0%) 55 (17.0%)
Clinical stage®

| 9 (2.5%) 3 (0.9%)

Il 76 (21.0%) 51 (15.7%)

n 172 (47.5%) 149 (46.0%)

IVA 105 (29.0%) 121 (37.3%)
Neutrophil, k/cc® 3.94 (0.74-13.47) | 4.1 (1.38-14.32)
Haemoglobin, g/L* 136 (79-182) 141 (74-185)
Platelets, k/cc® 238.5 (77-494) 230 (42-625)
Serum alkaline 54 (11-156) 63 (23-176)
phosphatase, U/L*
Serum lactate 172 (103-451) 174 (102—447)
dehydrogenase, U/L?
Serum ferritin, U/L® 251 (9-741) 278.5 (7-726)

Serum albumin, g/L* 42.9 (30.9-55.2) 43.4 (13.8-56)

Treatment regimens
IMRT 40 (11.0%) 30 (9.3%)
CCRT 74 (20.4%) 101 (31.2%)
CCRT+AC 182 (50.3%) 147 (45.4%)
IC+CCRT 28 (7.7%) 19 (5.9%)
IC+CCRT+AC 27 (7.5%) 26 (8.0%)
IC+IMRT 4 (1.1%) 1 (0.3%)
IC+IMRT+AC 7 (1.9%) 0 (0.0%)

Notes: *The median and the range of values. “The 8th edition American Joint
Committee on Cancer staging system.'s’|7

Abbreviations: IMRT, intensity modulated radiotherapy; CCRT, concurrent che-
moradiotherapy; IC, induction chemotherapy; AC, adjuvant chemotherapy.
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Table 2 Univariate and Multivariate Analyses of Risk Factors for Death Among Patients in the Training Set

Factors Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P
Sex (female vs male) 0.642 (0.389-1.059) 0.080 0.937 (0.537-1.636) 0.820
T stage 1.600 (1.263-2.027) <0.001 1.539 (1.208-1.962) <0.001
N stage 1.459 (1.149-1.853) 0.015 1.564 (1.208-2.024) 0.001
KPS (70-80 vs 90-100) 1.216 (0.812-1.811) 0.335
Age, years (continuous) 1.039 (1.021-1.058) <0.001 1.038 (1.018-1.058) <0.001
Neutrophil, k/cc (continuous) 1.050 (0.942-1.170) 0.382
Haemoglobin, g/L (continuous) 0.997 (0.985-1.010) 0.675
Platelets, k/cc (continuous) 1.000 (0.997-1.003) 0.884
Alkaline phosphatase, U/L (continuous) 1.018 (1.010-1.027) <0.001 1.014 (1.005-1.023) 0.002
Lactate dehydrogenase, U/L (continuous) 1.003 (0.999-1.006) 0.140
Serum ferritin, mg/L (continuous) 1.001 (1.000-1.002) 0.094 1.000 (0.999-1.002) 0.563
Serum albumin, g/L (continuous) 0.926 (0.882-0.972) 0.002 0.965 (0.918-1.015) 0.164

Abbreviations: HR, hazard ratio; Cl, confidence interval.

Statistical Analysis

Model Construction

Survival analyses were performed with SPSS software,
version 16.0 (SPSS Inc., Chicago, IL). Age, sex, T stage,
N stage, Karnofsky performance score (KPS), neutrophil
count, haemoglobin, platelet count, serum ALP, serum
LDH, serum ferritin, and serum albumin were analysed
for associations with OS. Univariate analyses for OS were
estimated with the Log rank test for categorical variables;
the Cox proportional test was utilized for continuous vari-
ables. Predictors with P-values < 0.1 in the univariate
analysis were entered into multivariate analysis to validate
their significance with the Cox proportional hazards model
by using the backward stepwise algorithm. Covariates with
a univariate P < 0.05 were included in the multivariate
model for building the prognostic index (PI) by using an
iterative process of backward selection. A PI scoring sys-
tem for OS was constructed based on the weighting
(derived by the b-coefficient of the respective log [adjusted
hazard ratios (AHRs)]) of the significant covariates in the
training cohort. The PI scores were then dichotomized for
OS by using the optimal cut-off values determined by the
“surv_cutpoint” function of the “survminer” R package'’
in R version 3.5.1 (http://www.r-project.org/). The patients

were then dichotomized into low-risk and high-risk sub-
groups in the training cohort.

Evaluation of Discrimination and Calibration

The discrimination of the prognostic model was assessed by
calculating the Harrell concordance index (C-index) by using
the method by Newson (11) with implementation of the

113 EE)

package “rms” in R software. As a means of internal

validation, bootstrapping was applied to correct the c-index
for optimism with 1000 repetitions from the training data-
base. A Kaplan-Meier survival curve was used to compare
OS, distant metastasis-free survival (DMFS), loco-regional
failure-free survival (LFFS), and failure-free survival (FFS)
between the low- and high-risk groups in the training and
validation sets. In addition, calibration curves were assessed
graphically by plotting the observed rates against the PI-
predicted probabilities via a bootstrap method with 1000

resamples.

Comparison Between CCRT-AC and

CCRT Alone

Survival analyses for OS and DMFS between the CCRT-AC
and CCRT alone groups were estimated with the Log rank
test for the high- and low-risk groups. Patients who received
induction chemotherapy were not included in this part of the
analysis. If key baseline characteristics were not balanced
between the two groups, the propensity score-matching

Table 3 Constructed Prognostic Index to Predict Overall
Survival for Patients with Nasopharyngeal Carcinoma

Covariate B [HR = exp(f)] | Score

T stage 0.4586 45.86x(T-1)

N stage 0.4403 44.03xN

Age, years 0.0419 4.19x%age (y)

Alkaline phosphatase, U/L | 0.0149 | .49%Alkaline phosphatase (U/L)

Total computed score
and risk stratification
<407.96
>407.96

Low risk
High risk

Abbreviation: HR, hazard ratio.
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(PSM) method was used to match patients between thesetwo  Results

groups considering clinical stage with the implementation of  Cgonstruction of a Pl for OS in

the “nonrandom” package in R software (version 3.5.1).'*!° Nasopharyngeal Carcinoma

values < 0.05 were considered statistically significant. The clinical characteristics of the patients in the training and

The study design flowchart is presented in Figure 1. validation cohorts are listed in Table 1. To build the
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Figure 2 Calibration and discrimination of the prognostic model. Calibration plots of survival probabilities at 5 years for patients with nasopharyngeal carcinoma in the
training set (A) and the validation set (B); a cut-off of 407.96 for dividing patients into high-risk and low-risk groups in the training set by using maximally selected rank
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prognostic model, we first tested the covariates listed in
Table 2 for their association with OS in the training cohort.
According to the results of univariate analysis, sex,
T classification, N classification, age, ALP, serum ferritin
and serum albumin were included in the multivariate analy-
sis. The significant predictors of OS in multivariate analysis
were T stage (AHR 1.539, 95% CI 1.208-1.962), N stage
(AHR 1.564, 95% CI 1.208-2.024), age (AHR 1.038, 95%
CI 1.018-1.058), and ALP (AHR 1.014, 95% CI 1.005—
1.023). We then constructed a PI based on weighting (derived
by the b-coefficient of the respective log [AHRs]) of these

four significant covariates in the training cohort (Table 3).

PI = 45.86x(T — 1)+44.03 x N +4.19 x age(y)
+1.49 x ALP(U/L)

The model yielded a C-index of 0.718 (95% CI 0.660—
0.777) for OS, which was superior to the C-index of 0.638
(95% CI 0.583-0.692) for OS when using the 8th AJCC
edition overall stage. Calibration plots showed good agree-
ment between the predicted probabilities and the actual
observations of 5-year OS (Figure 2A).

By using the “surv_cutpoint” function of the “survmi-
ner” R package, we were able to define low-risk and high-
risk subgroups based on a cut-off of 407.96 (Figure 2C).
According to survival analysis, there were significant
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differences in OS (HR 5.210, 95% CI 3.118-8.704; P <
0.001), LFFS (HR 3.050, 95% CI 1.651-5.635; P < 0.001),
DMFS (HR 3.132, 95% CI 1.772-5.536; P < 0.001), and
FFS (HR 3.199, 95% CI 2.105-4.861; P < 0.001) between
the high-risk and low-risk groups in the training set (details
are provided in Figure 3A-D).

Validation of the Pl for OS Prediction

To validate the predictive accuracy of our PI for OS in
NPC, internal validation using the bootstrapping techni-
que with 1000 repetitions resulted in a C-index of 0.719
(95% CI 0.677-0.760), which was significantly higher
than the 0.638 (95% CI 0.597-0.678) obtained by apply-
ing the 8th AJCC edition (P < 0.001). In addition, we
conducted external validation in a later cohort of 324
consecutively treated patients. The same model yielded
a C-index of 0.707 (95% CI 0.634-0.780) for OS, which
was superior to the clinical stage C-index of 0.649 (95%
CI 0.582-0.716) in the wvalidation cohort. Moreover,
calibration plots revealed superb agreement between
the predicted probabilities and the actual observations
of 5-year OS (Figure 2B).

By using the same PI score cut-off of 407.96, we
stratified a high-risk subgroup with a significantly
inferior OS compared with a low-risk subgroup (HR
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Figure 3 Kaplan-Meier curves of overall survival, loco-regional failure-free survival, distant metastasis-free survival, and failure-free survival between the high-risk and low-
risk groups of nasopharyngeal carcinoma patients in the training (A-D) and validation (E-H) sets.
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4.840, 95% CI 2.083-11.246; P < 0.001). Additionally,
patients in the high-risk group had a higher risk of
distant metastasis (HR 5.190, 95% CI 2.065-13.039;
P < 0.001) than those in the low-risk group. In

contrast, no significant difference in loco-regional

shown in Figure 3E-H).

Table 4 Characteristics of Nasopharyngeal Carcinoma Patients Treated with CCRT + AC in the High-Risk Group

recurrence was found between the two groups (HR
2.464, 95% CI 0.825-7.358; P = 0.095) (details are

Notes: “The 8th edition American Joint Committee on Cancer staging system.
Abbreviations: CCRT, concurrent chemoradiotherapy; CC, concurrent chemotherapy; AC, adjuvant chemotherapy; DDP, cisplatin; PF, cisplatin and fluorouracil; TP,

docetaxel and cisplatin; TPF, docetaxel, cisplatin and fluorouracil.

Characteristics All Cases P Matched Cases P
CCRT-AC (N=206) CCRT (N=l01l) CCRT-AC (N=177) CCRT (N=89)
Sex 0310 0.227
Male 171 (83.0%) 79 (78.2%) 148 (83.6%) 69 (77.5%)
Female 35 (17.0%) 22 (21.8%) 29 (16.4%) 20 (22.5%)
Age, years 0.869 0.096
Median (range) 48 (16-69) 52 (27-70) 48 (16-69) 52 (27-70)
KPS 0.101 0.051
70-80 100 (48.5%) 39 (38.6%) 90 (50.8%) 34 (38.2%)
90-100 106 (51.5%) 62 (61.4%) 87 (49.2%) 55 (61.8%)
T classification® 0.052 0.140
TI 3 (1.5%) 3 (3.0%) 3 (1.7%) 2 (2.2%)
T2 21 (10.2%) 21 (20.8%) 19 (10.7%) 17 (19.2%)
T3 114 (55.3%) 46 (45.5%) 101 (57.1%) 39 (43.8%)
T4 68 (33.0%) 31 (30.7%) 54 (30.5%) 31(34.8)
N classification® 0.119 0.733
NO 5 (2.4%) 4 (4.0%) 5 (2.8%) 3 (3.4%)
NI 52 (25.2%) 36 (35.6%) 47 (26.6%) 29 (32.6%)
N2 106 (51.5%) 45 (44.6%) 87 (49.2%) 41 (46.1%)
N3 43 (20.9%) 16 (15.8%) 38 (21.4%) 16 (18.0%)
Clinical stage® 0.004 0.069
Il | (0.5%) 7 (6.9%) | (0.6%) 4 (4.5%)
1] 102 (49.5%) 49 (48.5%) 90 (50.8%) 40 (44.9%)
IVA 103 (50.0%) 45 (44.6%) 86 (48.6%) 45 (50.6%)
CC regimens 0.842
DDP 191 (92.7%) 93 (92.1%) 163 (92.1%) 84 (94.4%)
PF 15 (7.3%) 8 (7.9%) 14 (7.9%) 5 (5.6%)
CC cycles <0.001 0.551
| 10 (4.9%) 19 (18.8%) 10 (5.6%) 8 (9%)
2 106 (51.5%) 45 (44.6%) 95 (53.7%) 44 (49.4%)
3 90 (43.6%) 37 (36.6%) 72 (40.7%) 37 (41.6%)
AC regimens
TPF | (0.5%) / | (0.6%) /
TP 20 (9.7%) / 20 (11.3%) /
PF 185 (89.8%) / 156 (88.1%) /
AC cycles
| 54 (26.2%) / 46 (26%) /
2 116 (56.3%) / 100 (56.5%) /
3 36 (17.5%) / 31 (17.5%) /
16,17

Cancer Management and Research 2020:12

submit your manuscript

Dove



http://www.dovepress.com
http://www.dovepress.com

Liang et al

Dove

CCRT-AC versus CCRT Alone in

Nasopharyngeal Carcinoma

According to the model, 307 patients who received CCRT
with or without AC were categorized into the high-risk
to CCRT alone,
a significant benefit of OS was found with the addition
of AC (HR, 0.620, 95% CI 0.408-0.941; P = 0.023)
(Figure 4A). However, a higher percentage of IVA dis-

group (see Table 4). Compared

eases and a higher percentage of 2—-3 cycles of concurrent
chemotherapy were observed in the CCRT-AC group.
After PSM (2:1) using these two factors, 266 patients
were selected; of these, 177 were in the CCRT-AC group
and 89 in the CCRT alone group (Table 4). A borderline
significant difference in OS was observed in favour of the
CCRT-AC group (HR, 0.648, 95% CI 0.414-1.012; P =
0.054) (Figure 4B), though no significant difference in
DMFS was found between the two groups before and
after PSM (Figure 4C and D).

In the low-risk group, 123 patients received CCRT-AC,
and 74 received CCRT alone (details are shown in Table 5).
A borderline significant difference in OS (HR, 3.915, 95%
CI, 0.882 to 17.376; P = 0.053) was found, with better out-
comes for the CCRT alone group (Figure 4E). Moreover,
addition of adjuvant chemotherapy increased the risk of
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distant metastasis in low-risk patients (HR, 4.222, 95% ClI,
0.959 to 18.585; P =0.038) (Figure 4G). However, the base-
line characteristics of the patients between the two groups
were unbalanced, including the N category and clinical stage.
After PSM (2:1) by clinical stage, 164 patients were selected,
of these, 109 were in the CCRT-AC group and 55 in the
CCRT alone group (Table 5). Although no significant differ-
ence was observed between the two groups in terms of OS
(HR, 5.546,95% CI, 0.716 to 42.986; P = 0.065) (Figure 4F),
significant differences were found in terms of DMFS (HR,
6.028, 95% CI, 0.783 to 46.375; P = 0.049), showing better
outcomes in the CCRT alone group (Figure 4H).

Discussion

In the present study, we constructed a prognostic model for OS
among patients with NPC that was able to stratify high-risk
and low-risk groups. This model combined clinical character-
istics and experimental factors and showed better discrimina-
tion of OS than the overall stage of the 8th edition AJCC
staging system in both training and validation sets.

Clinically, patients with the same TNM stage may have
different mortality risk. Therefore, other factors may need to
be incorporated into prognostic models. The present study
showed that T stage, N stage, age, and ALP are significant
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Figure 4 Kaplan-Meier curves of overall survival and distant metastasis-free survival between the CCRT-AC and CCRT alone groups of high-risk (A-D) and low-risk (E-H)

patients.
Abbreviations: CCRT, concurrent chemoradiotherapy; AC, adjuvant chemotherapy.
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prognostic factors for NPC. Several studies have reported that
these four factors are closely related to OS, loco-regional
recurrence, and distant metastasis.'®'® Yang and colleagues
demonstrated that both the T and N category classifications of
the 8th edition are independent prognostic factors for 0S.'®

The higher is the T stage or N stage, the poorer is the prog-
nosis. Age and pretreatment ALP have also been shown to be

prognostic factors for NPC. In the studies by Huang et al'® and
Xu et al,”® the older age groups had a significant negative

influence on OS. Furthermore, Li and colleagues found that

Table 5 Characteristics of Nasopharyngeal Carcinoma Patients Treated with Concurrent CCRT+ AC in the Low-Risk Group

Notes: “The 8th edition American Joint Committee on Cancer staging system.

Characteristics All Patients P Matched Patients P
CCRT-AC (N=123) CCRT (N=74) CCRT-AC (N=109) CCRT (N=55)
Sex 0.368 0.934
Male 84 (68.3%) 55 (74.3%) 76 (69.7%) 38 (69.1%)
Female 39 (31.7%) 19 (25.7%) 33 (30.3%) 17 (30.9%)
Age, years 0.392 0.889
Median (range) 40(18-56) 41(18-55) 40 (18-56) 40 (18-55)
KPS 0.062 0.176
70-80 42 (34.1%) 16 (21.6%) 37 (33.9%) 13 (23.6%)
90-100 81 (65.9%) 58 (78.4%) 72 (66.1%) 42 (76.4%)
T classification® 0.174 0.163
TI 17 (13.8%) 10 (13.5%) 13 (11.9%) 7 (12.7%)
T2 60 (48.8%) 47 (63.5%) 56 (51.4%) 31 (56.4%)
T3 42 (34.1%) 15 (20.3%) 40 (36.7%) 15 (27.3%)
T4 4 (3.3%) 2 (2.7%) 0 (0.0%) 2 (3.6%)
N classification® 0.054 0.513
NO 10 (8.1%) 6 (8.1%) 8 (7.3%) 4 (7.3%)
NI 61 (49.6%) 46 (62.2%) 59 (54.1%) 29 (52.7%)
N2 42 (34.1%) 22 (29.7%) 38 (34.9%) 22 (40.0%)
N3 10 (8.1%) 0 (0.0%) 4 (3.7%) 0 (0.0%)
Clinical stage® 0.005 0.998
1l 41 (33.3%) 40 (54.1%) 41 (37.6%) 21 (38.2%)
1] 68 (55.3%) 32 (43.2%) 64 (58.7%) 32 (58.2%)
IVA 14 (11.4%) 2 (2.7%) 4 (3.7%) 2 (3.6%)
CC regimens 0.671 0.44
DDP 115 (93.5%) 68 (91.9%) 101 (92.7%) 49 (89.1%)
PF 8 (6.5%) 6 (8.1%) 8 (7.3%) 6 (10.9%)
CC cycles 0.19 0.518
| 8 (6.5%) 6 (8.1%) 8 (7.3%) 6 (10.9%)
2 68 (55.3%) 31 (41.9%) 61 (56.0%) 26 (47.3%)
3 47 (38.2%) 37 (50.0%) 40 (36.7%) 23 (41.8%)
AC regimens
TP 10 (8.1%) / 10 (9.2%) /
PF 113 (91.9%) / 99 (90.8%) /
AC cycles
| 31 (25.2%) / 27 (24.8%) /
2 72 (58.5%) / 63 (57.8%) /
3 20 (16.3%) / 19 (17.4%) /
16,17

Abbreviations: CCRT, concurrent chemoradiotherapy; CC, concurrent chemotherapy; AC, adjuvant chemotherapy; DDP, cisplatin; PF, cisplatin and fluorouracil; TP,

docetaxel and cisplatin.
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patients with higher ALP levels had poorer OS and LFFS than
did those with a normal ALP level.® Remarkably, the PI for OS
was related to a significantly higher C-index than the overall
stage of the 8th edition AJCC staging system in both our
training and validation sets. In addition, patients in the high-
risk group had worse survival both with regard to distant
metastasis and loco-regional recurrence in the training and
validation sets, which indicates that more aggressive therapy
regimens should be utilized for patients in high-risk groups.
In this cohort, patients in the high-risk group achieved
survival benefits from AC. A series of studies has also
demonstrated the importance of the addition of AC to
reducing distant failure and improving OS in high-risk
NPC patients with N3 disease, skull base destruction/intra-
cranial invasion plus multiple node metastasis, or persis-
tently detectable pEBV DNA after curative radiation

- . 21,22
induction/concurrent ’

therapy plus chemotherapy.
Moreover, we observed that the addition of adjuvant che-
motherapy increased the risk of metastasis in low-risk
patients. Similar results regarding the negative role of
adjuvant chemotherapy were observed by Skillington
et al, who reported that the addition of adjuvant che-
motherapy to a radiotherapy regimen was associated with
worse overall survival in patients with pl6-positive oro-
pharyngeal squamous cell carcinoma (adjusted HR, 1.46;
95% CI, 0.91-2.33).>* During adjuvant chemotherapy,
a cohort of patients with NPC experienced grade 34
dysphagia, nausea, and vomiting,”** leading to weight
loss and nutritional deficiency. Indeed, poor nutritional
status has a negative influence on overall survival and
distant metastasis-free survival in NPC patients,>*2®
which may correlate with the negative impacts of adjuvant
chemotherapy observed in the present study. In addition,
excessive chemotherapy for certain patients may lead to
a loss of immune cells, which might result in worse
survival.?>?° The potential reasons why adjuvant che-
motherapy acts as a double-edged sword in the treatment
of NPC need to be explored in the future.

There were several limitations to our study. First,
the training and validation sets were from the same
institutes, which may reduce the level of evidence.
Nonetheless, the two sets were from different periods,
which might help minimize the potential negative
impact. Second, due to the properties of retrospective
studies, selection bias may have occurred because
patients were included only if they met specific selec-
tion criteria. Third, recent studies have shown the
important role of EBV-DNA in the NPC diagnosis,

prognosis prediction, and decision making regarding
whether AC should be added.’®*' Regardless, these
relevant data are not available for all patients; there-
fore, we did not include this factor in the analysis.

In conclusion, the prognostic model for OS in the
present study had both good discrimination and cali-
bration and successfully stratified NPC patients into
high-risk and low-risk groups. The addition of adjuvant
chemotherapy might be a double-edged sword, bringing
survival benefit to high-risk patients but a greater risk
of distant metastasis to low-risk patients. Whether this
prognostic model can be applied in other populations
requires further study. Moreover, more prospective evi-
dence from multiple centres is needed to confirm the
influence of the addition of AC to CCRT on high-risk
and low-risk patients.
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