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Abstract
Background: It remains controversial whether the application of chemotherapy has an impact on recurrent nasopharyngeal carci-

noma (rNPC) patients with salvage radiotherapy. Here, we aimed to evaluate treatment outcomes of rNPC patients and derive a

prognostic model to assess the benefit of chemotherapy in patients with re-radiotherapy. Methods: This study was conducted as

a retrospective study. In total, 340 rNPC patients treated with salvage intensity-modulated radiotherapy (IMRT) or radiochemotherapy

(RCT) from October 2006 to September 2019 were included in this study. Overall survival (OS) was the primary outcome. Kaplan-

Meier method was employed to detect the prognostic difference with Log-rank tests. The Cox regression analysis was performed to

explore the potential prognostic factors while the multivariate Cox analysis was used to identify candidate variables for the prognostic

model of OS. Results: The 5-year actuarial rates of OS, progression-free survival, loco-regional progression-free survival, and distant

metastases-free survival did not show significant difference between the IMRT and RCT groups (P> .05). Age at recurrence and rT

category were found to be the independent prognostic factors for OS. We found that rNPC patients suffered poor OS in the high-risk

group (patients with higher age at recurrence and advanced rT category) (high-risk vs low-risk, HR= 1.87, 95% CI: 1.36-2.57, P<
.001). Salvage RT alone may be superior to RCT for patients in the low-risk group (RCT group vs RT group, HR= 1.89, 95% CI:

1.11-3.20, P= .038). Conclusion: Salvage RT combined with chemotherapy cannot improve survival outcomes for rNPC. More

novel clinical trials should be explored to develop individualized strategies to improve survival and minimize toxicities.
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Introduction
Nasopharyngeal carcinoma (NPC) is a common head and neck
malignancy with unique epidemiological and pathological fea-
tures and accounts for 20 to 30 newly diagnosed cases per
100,000 individuals.1 Although the prevailing standard of
care, intensity-modulated radiotherapy (IMRT) has signifi-
cantly improved the treatment outcomes, especially the local-
ized control, approximately 10%-15% of NPC patients still
suffer from local/regional recurrence following the initial treat-
ment.2–4

Recurrent NPC (rNPC) continues to be a challenge for clin-
ical oncologists with no conclusive evidence on the best treat-
ment.5 Aggressive treatments such as surgery, salvage
radiotherapy (RT), palliative chemotherapy, immunotherapy,
and so on may aid in improving the long-term survival of
certain patients.3 Though salvage surgical resection can
achieve 5-year survival rates ranging from 50% to 77.1%, the
confined anatomic space remains the main limitation of
surgery.6,7 Chemotherapy-based comprehensive treatment
seems to be a better choice for rNPC patients.2,8 Despite the
lack of consensus, chemotherapy is often used in combination
to reduce the tumor volume and act as a radiosensitizer before
or during re-RT.9 Nevertheless, the efficacy of the combined
chemotherapy and RT in rNPC has not yet been fully evaluated.

It remains controversial whether chemotherapy can yield
further survival benefits for rNPC patients with re-RT.10

Several studies focusing on induction chemotherapy (IC)
before re-RT have indicated good response rates in salvaging
rNPC patients.11,12 The results of some retrospective trials of
concurrent radiochemotherapy (RCT) have also been found
promising in treating patients with rNPC.13,14 However, there
have also been reports which demonstrated that the use of che-
motherapy with re-RT may not confer further benefits in rNPC.
These observations may be attributed to the treatment toxicity
counteracting the benefits of chemotherapy.5,15 As a potential
treatment approach, the combination of re-RT and chemother-
apy for the treatment of rNPC needs a fine balance between
its efficacy and treatment-related toxic reactions.5 Therefore,
it is crucial to establish a prognostic model for rNPC patients
in terms of potential benefits from chemotherapy or salvage
RT that may help select the optimal treatment mode for realiz-
ing personalized treatment.

In this study, we included 406 rNPC patients receiving
salvage RT and evaluated the impact of combination chemo-
therapy. We aimed to identify the potential factors related to

the curative effect of salvage RT and established a prognostic
model for further predicting the survival and guiding treatment.

Methods

Patients
A total of 406 rNPC patients who were treated with salvage RT
from October 2006 to September 2019 in our center were retro-
spectively considered, among which, 340 patients were eligible
for the present study. The criteria for patients’ inclusion were as
follows, (1) patients who had previously completed radical
therapy but still had local/regional recurrence supported by
pathological or radiological evidence; (2) patients who received
salvage IMRT; and (3) patients with no distant metastases.
Exclusion criteria included patients who received other local
therapy like surgery and the cases who did not follow-up.
The patients included were treated with salvage RT individually
or RT combined with chemotherapy according to the physi-
cian’s treatment protocol. To protect patient privacy, data are
reported in an anonymized format. The reporting of this study
conforms to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines.16 Ethical
approvals for this retrospective study were obtained from
Fujian Cancer Hospital (K2022-030-01) and we obtained the
subject’s written informed consent.

Diagnosis and Treatment
The NPC recurrence in all cases was confirmed by histology or
radiology. Each patient received a series of pretreatment evalu-
ations before the recurrence treatment, including a complete
history, physical examination, complete hematologic function
examination, fiberoptic nasopharyngoscopy, computed tomog-
raphy (CT) of the chest, ultrasound of the abdomen, magnetic
resonance imaging (MRI) of the region of head and neck, and
so on. The TNM staging of all NPC patients involved was
carried out by at least 2 professional radiation oncologists
based on the 8th staging system of UICC/AJCC.

Radiation was delivered by radical IMRT technique with
simultaneous integrated boost using 6 MV photons. The details
of the IMRT treatment plan are previously described.17,18 All
patients were immobilized in the supine position with thermo-
plastic masks. The CT/MRI images were fused to assist in
target volume delineation and determine the organs at risk
(OARs). The gross tumor volume (GTV) included all gross
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diseases such as nasopharyngeal primary tumors (GTVnx) and
positive lymph nodes (GTVnd) noted on imaging, clinical exam-
ination, and endoscopic findings. The clinical target volume
(CTV) was defined as subclinical lesions including GTV and
GTV plus a 6 to 10 mm margin. The planning target volume
was defined as a safety boundary of GTV/CTV with an addi-
tional 3 mm margin to allow positional errors and intrinsic
organ movements. The prescribed doses for NPCwere delineated
according to our center’s guidelines. The prescribed radiation
doses were 54-70 Gy and 50-64 Gy, given in 30 to 35 fractions
of 1.67-2.2 Gy/dose, once per day, 5 times per week for the plan-
ning target volumes derived from GTV, and CTV, respectively.
The doses of OARs in the initial treatment were set according to
the Radiation Therapy Oncology Group (RTOG) 0225 proto-
col.19 The re-irradiation doses in OARs were set at less than
70% of the tolerated dose criteria for the OARs in the RTOG
0225 protocol.

Given that the standard regimens of RCT were not available
for rNPC patients, chemotherapy was administered at the oncol-
ogists’ discretion with the consideration of patients’ clinical char-
acteristics. The platinum-based IC was given for 1-4 cycles and
commonly combined with gemcitabine (1.0 g/m2, d1 and d8),
paclitaxel (135-175 mg/m2, d1), docetaxel (75 mg/m2, d1)+
5-fluorouracil (600 mg/m2, d1-5), or other regimens every 3
weeks. Ninety-four patients received 1-3 cycles of platinum-
based concurrent chemotherapy. The various schedules of che-
motherapy are detailed in Supplemental Table S1. The applica-
tion of adjuvant chemotherapy was based on the physician’s
judgment and tumor status. Targeted agents (Nimotuzumab,
Cetuximab, or Endostar) were used as adjuvants given concur-
rently with RT during treatment. Targeted anti-angiogenesis
therapy has a broad prospect of applying in NPC.20 Endostar,
recombinant human endostatin injection, has been independently
developed based on the anti-angiogenesis activity of endostatin
by Chinese researchers.21 A multicenter phase II clinical study
showed that Endostar combined with chemotherapy and sequen-
tial IMRT had significant survival benefit and tolerance in
patients with locally advanced NPC.22 Tumor response to recur-
rent treatment was classified according to the Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1
assessed by 2 independent radiation oncologists.

Follow-up and Outcomes
All patients were examined every week during their course of
treatments. Following the treatment, the patients were followed
up with a visit every 3 months for the first 2 years, every 6
months for the next 3 years, and an annual visit after 5 years.
In each follow-up visit, complete examinations, including
medical history, physical examination, nasopharyngeal endos-
copy, chest CT, abdominal ultrasonography, MRI of the
head-and-neck region (once every 6 months) or a whole-body
bone emission computed tomography (ECT) (once every
year), were routinely required. By using clinical records or tele-
phone communication, the survival, tumor status, and treatment
adverse effects were documented. The latter was secondary to

the course evaluated based on the radiation morbidity scoring
scheme of the RTOG at each follow-up. Other toxic side-effects
of the treatment were graded per Common Toxicity Criteria for
Adverse Events (CTCAE) v5.0 which is not mentioned by
RTOG. The final follow-up was conducted on December 19,
2021. In addition, the clinical information of patients, including
age at recurrence, gender, recurrent TNM category, clinical
stage, disease-free interval (DFI), the application of chemother-
apy at the first course, details of radiotherapy or chemotherapy
regimens at the recurrent course, and tumor response to recur-
rent therapy, was collected. DFI was defined as the interval fol-
lowing the completion of the first course of treatment to the date
of diagnosis of relapse.23

The primary outcome was overall survival (OS, defined as
the interval time from the completion of re-RT to death or the
time of the last follow-up). The secondary endpoints included
progression-free survival (PFS, defined as the time following
completion of re-RT to the onset of local or regional recurrence,
distant metastasis, or death from any cause), loco-regional
progression-free survival (LRPFS, defined as the interval
from the completion of re-RT to the onset of local or regional
progression again), and distant metastasis-free survival
(DMFS, defined as the interval from the completion of re-RT
to the onset of distant metastasis).

Statistics
The normality of the distribution of continuous variables was
assessed using Kolmogorov–Smirnov tests. Two-independent
sample t-tests and Mann–Whitney U tests were used to analyze
normally and non-normally distributed measures, respectively.
Chi-squared tests were performed to evaluate the difference in
categorical variables between the RT and the RCT groups.
Survival curves were drawn using the Kaplan-Meier method
with a log-rank test to compare the differences. Univariate and
multivariate Cox regression analyses were performed to
explore the independent significance of potential prognostic indi-
cators for survival outcomes using the “survival” and “surv-
miner” R packages. Candidate predictor factors for survival
outcomes included gender, age at recurrence, recurrent T (rT)
category, recurrent N (rN) category, recurrent stage (rStage),
DFI, initial treatment regimen (RT alone or RCT), and the
present treatment regimen (salvage RT or RCT).

To develop a model to predict the benefit of rNPC patients
from salvage RT or RCT, not only the factors that had prognos-
tic significance were considered, but also those that may have a
role in heterogeneous treatment effects. Multivariate Cox anal-
yses were conducted on candidate variables to establish a prog-
nostic risk signature using the Akaike information criterion
(AIC) for model fitting, and the variable with the smallest
AIC was selected as the final prognostic one.24 The model’s
predictive probabilities in predicting OS were evaluated with
the calibration curve. R software v3.6.2 (https://www.r-
project.org/) and SPSS Statistics v25.0 were utilized for all stat-
istical analysis. The threshold of significance was set at a
P-value < .05.
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Results

Patient Characteristics
A total of 406 patients with rNPC were treated in our center
between October 2006 and September 2019. Among them, 13
cases utilized other RT technology (5 with 2-dimensional con-
formal RT and 8 with 3-dimensional conformal RT), 7 cases
presented recurrence with distant metastases, 6 cases aban-
doned treatment, 15 cases received surgery, and 25 cases did
not follow up after treatment. They were all excluded from
this study. The flowchart for the inclusion of patients is
shown in Figure 1. The final study sample consisted of 340
patients who received salvage RT (n= 111) or RCT (n= 229)
depending on the physician’s discretion. The detailed character-
istics of patients were well balanced between the 2 groups (P>
.05), and are presented in Table 1. The median follow-up time
was 56 months (range 2-174 months).

There was a female predominance of 76.6% (85 patients) in
the RT group and 76.0% (174 patients) in the RCT group. A
total of 82% of patients received RT combined with chemother-
apy at the first course of treatment (88 patients in the RT arm
and 191 patients in the RCT arm). Among the 340 patients,
332 patients presented local recurrence according to histopath-
ological investigation or radiological confirmation. Regional
recurrence was confirmed in the other 8 patients (1 patient in
the RT group and 7 patients in the RCT group) through
lymph node biopsy. Further, 85.6% and 72.9% of patients
had stage rN0 disease in the RT group and the RCT group,
respectively. Most patients were in rStage IV in both the RT
group (42.3%) and the RCT group (42.8%).

Treatment Outcomes and Efficacy
The patients completed the planned irradiation with a median
dose of 60 Gy in the RT group and 60.8 Gy in the RCT

group. Six patients prematurely discontinued RT because of
acute side effects and accumulated doses between 25.2 and
49.5 Gy (5 patients in the RT group and 1 patient in the RCT
group). The 5-year OS, PFS, LRPFS, and DMFS were 55.8%
versus 45.7%, 38.6% versus 41.2%, 63.9% versus 66.7%, and
88.9% versus 87.4%, respectively, with no significant differ-
ences between RT group and RCT group (P> .05). The survival
curves are displayed in Figure 2. While performing this analy-
sis, a total of 43 (38.7%) of the 111 patients in the RT group and
113 (49.3%) of the 229 patients in the RCT group were
deceased at their last follow-up (P= .066). Among the deceased

Table 1. Baseline Characteristics of Patients in the RT Group and
RCT Group.

Variables
RT group
(n= 111), n

RCT group
(n= 229), n P-value

Treatment modality NA
RT alone 111 (32.65%) NA
IC+RT NA 132 (57.64%)
CCRT NA 33 (14.41%)
IC+CCRT NA 64 (27.95)
Gender .904

Male 26 (23.4%) 55 (24.0%)
Female 85 (76.6%) 174 (76.0%)

Age at recurrence
(y)

51.040± 10.704
(Median=
50.000)

50.170± 9.779
(Median=
50.000)

.700

rT category .333
T0 1 (0.9%) 7 (3.1%)
T1 28 (25.2%) 39 (17.0%)
T2 9 (8.1%) 18 (7.9%)
T3 28 (25.2%) 69 (30.1%)
T4 45 (40.5%) 96 (41.9%)

rN category .054
N0 95 (85.6%) 167 (72.9%)
N1 14 (12.6%) 47 (20.5%)
N2 1 (0.9%) 10 (4.4%)
N3 1 (0.9%) 5 (2.2%)

rStage .055
Stage I 25 (22.5%) 27 (11.8%)
Stage II 11 (9.9%) 32 (14.0%)
Stage III 28 (25.2%) 72 (31.4%)
Stage IV 47 (42.3%) 98 (42.8%)

Initial treatmenta .352
RT alone 23 (20.7%) 38 (16.6%)
RCT 88 (79.3%) 191 (83.4%)

DFI (y) 4.772± 5.242
(Median=
2.893)

4.618± 4.281
(Median=
3.033)

.866

Response rate .336
CR 8 (7.2%) 18 (7.9%)
PR 77 (69.4%) 176 (76.9%)
SD 22 (19.8%) 30 (13.1%)
Missing 4 (3.6%) 5 (2.2%)

Abbreviations: CCRT, concurrent chemoradiotherapy; CR, complete response;
DFI, disease-free interval; IC, induction chemotherapy; PR, partial disease;
RCT, radiochemotherapy; RT, radiation therapy; SD, progressive disease.
aInitial treatment, received RT alone or RCT therapeutic regimen in first course
of treatment.Figure 1. The flowchart of the patient inclusion.
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patients, 22 (19.8%) passed away due to local and/or regional
failures, 5 (4.5%) due to distant metastasis, and 4 (3.6%) due
to locoregional and distant recurrence in the RT group. While
in the RCT group, 44 (19.2%) patients were deceased due to
local and/or regional failures, 10 (4.4%) due to distant metasta-
sis, and 9 (3.9%) due to locoregional and distant recurrence (P>
.05, Table 2).

In the RCT group, 196 (85.59%) patients received IC, and 97
(42.36%) patients received concurrent chemotherapy. Given
that most patients received platinum combined with gemcita-
bine (GP, 55.10%) or paclitaxel (TP, 36.73%) for IC regimen,
they were included in further analysis. We found there were
no significant differences in 5-year OS, PFS, LRPFS, and
DMFS between TP group and GP group (Supplemental
Figure S1, P> .05). In the RT group, 8 (7.2%) patients achieved
complete response, 77 (69.4%) patients had a partial response,
22 (19.8%) patients had progressive disease, and 4 (3.6%)
patients could not be evaluated. In the RCT group, 18 (7.9%)
patients achieved complete response, 176 (76.9%) had a

partial response, 30 (13.1%) had progressive disease, and 5
(2.2%) were not evaluable. The disease control rate was
similar for both groups (P= .336).

Toxicities
Most of the patients involved in the study tolerated their estab-
lished re-RT well, except for 6 patients. During the treatment,
the incidence of mild to moderate hematological toxicities

Figure 2. Kaplan-Meier curves of survival outcome between radiotheraoy (RT) and chemoradiotherapy (RCT) group. (A) Overall survival (OS),
(B) progression-free survival (PFS), (C) loco-regional progression-free survival (LRPFS), and (D) distant metastases-free survival (DMFS).

Table 2. Failure Patterns of RT Group and RCT Group.

Variables RT group, n RCT group, n P-value

Distant metastasis 5 (4.5%) 10 (4.4%) .954
Local and/or regional failures 22 (19.8%) 44 (19.2%) .895
Locoregional and distant

recurrence
4 (3.6%) 9 (3.9%) .883

Death 43 (38.7%) 113 (49.3%) .066

Abbreviations: RT, radiotherapy; RCT, radiochemotherapy.
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including leukopenia, thrombocytopenia, anemia, serum
alanine transaminase (ALT) elevation, and serum aspartate
transaminase (AST) elevation were significantly higher in the
RCT arm than those reported in the RT arm (P< .05,
Table 3). Moreover, the observed proportion of serum creati-
nine was rare in the 2 groups (P= .778). The common acute
toxic reactions during RT, including xerostomia and dermatitis
were considered tolerable (P> .05), whereas patients would
suffer from more oral mucositis (P= .014) and gastrointestinal
reactions in the RCT group (P= .007).

Prognostic Factors
The results of univariate Cox regression analysis revealed that
higher age at recurrence (HR= 1.028, 95% CI: 1.013-1.042,
P< .001), higher rT stage (HR= 1.139, 95% CI: 1.002-1.295,
P= .047), and initial treatment of RT alone (HR= 0.641, 95%
CI: 0.450-0.915, P= .014) were adverse prognostic factors for
OS in rNPC patients. It was validated that age at recurrence
was also significantly correlated with PFS (HR= 1.014, 95%
CI: 1.001-1.028, P= .033), as shown in Table 4. However,
none of the candidate variables were identified to be indepen-
dent prognostic factors for PFS, LRPFS, and DMFS.

The multivariate model enrolled 2 prognosis factors, including
age at recurrence (HR=1.028, 95% CI: 1.013-1.043, P< .001)
and rT category (HR=1.143, 95% CI: 1.005-1.299, P= .042)
with the smallest AIC to further establish a model predictive of
whether rNPC patients would benefit from salvage RT combined
with chemotherapy. The patients were divided into 2 subgroups
based on median risk scores calculated by the model. The
Kaplan-Meier curves presented remarkably worse OS in the high-
risk group than in low-risk one (HR=1.87, 95% CI: 1.36-2.57, P
< .001, Figure 3A). The median survival time was 2.5 years in the
high-risk group, while it was not reached for low-risk one. It was
revealed that salvage RT alone may be a superior treatment option
thanRCTin the low-risk rNPC(patientswith lower ageat recurrence
and early rT category) (RCT group vs RT group, HR=1.89, 95%
CI: 1.11-3.20, P= .038, Figure 3B). A calibration plot was deter-
mined tovalidate themodelperformance,which indicatedgoodcon-
cordance as shown in Figure 3C. What’s more, the results of
multivariate Cox regression analysis also showed the role of age at
recurrence and rT category as independent predictors of OS.

Discussion
Herein, the long-term treatment outcomes and toxicities of
re-RT combined with chemotherapy in rNPC patients were

Table 3. Common Treatment-Related Adverse Events.

Adverse events RT group, n RCT group, n P-value

Leukopenia <.001*
G0 77 (72.64%) 60 (26.32%)
G1 22 (20.75%) 68 (29.82%)
G2 7 (6.60%) 69 (30.26%)
G3 0 30 (13.16%)
G4 0 1 (0.44%)
Thrombocytopenia <.001*
G0 98 (92.45%) 169 (74.12%)
G1 6 (5.66%) 34 (14.91%)
G2 1 (0.94%) 19 (8.33%)
G3 1 (0.94%) 6 (2.63%)
Anemia <.001*
G0 78 (73.58%) 83 (36.40%)
G1 24 (22.64%) 118 (51.75%)
G2 4 (3.77%) 27 (11.84%)
ALT elevation <.001*
G0 87 (82.08%) 91 (39.91%)
G1 17 (16.04%) 114 (50.00%)
G2 1 (0.94%) 12 (5.26%)
G3 1 (0.94%) 11 (4.82%)
AST elevation <.001*
G0 94 (88.68%) 118 (51.75%)
G1 11 (10.38%) 101 (44.30%)
G2 1 (0.94%) 6 (2.63%)
G3 0 3 (1.32%)
Serum creatinine elevation .778
G0 104 (98.11) 222 (97.37%)
G1 2 (1.89%) 5 (2.19%)
G2 0 1 (0.44%)
Marrow suppression <.001*
G0 71 (66.98%) 81 (35.53%)
G1 17 (16.04%) 63 (27.63%)
G2 6 (5.66%) 57 (25.00%)
G3 0 10 (4.39%)
G4 0 3 (1.32%)
Missing 12 (11.32%) 14 (6.14%)
Nausea/vomiting .007*
G0 75 (70.75%) 131 (57.46%)
G1 14 (13.21%) 63 (27.63%)
G2 5 (4.72%) 18 (7.89%)
G3 0 3 (1.32%)
Missing 12 (11.32%) 13 (5.70%)
Mucositis oral .014*
G0 26 (24.53%) 33 (14.47%)
G1 53 (50.00%) 118 (51.75%)
G2 13 (12.26%) 48 (21.05%)
G3 3 (2.83%) 17 (7.46%)
Missing 11 (10.38%) 12 (5.26%)
Xerostomia .068
G0 23 (21.70%) 39 (17.11%)
G1 65 (61.32%) 148 (64.91%)
G2 6 (5.66%) 28 (12.28%)
Missing 12 (11.32%) 13 (5.70%)
Dermatitis .160
G0 24 (22.64%) 44 (19.30%)
G1 64 (60.38%) 157 (68.86%)
G2 6 (5.66%) 14 (6.14%)
G3 0 2 (0.88%)

(continued)

Table 3. (continued)

Adverse events RT group, n RCT group, n P-value

Missing 12 (11.32%) 11 (4.82%)

Abbreviations: RT, radiotherapy; RCT, radiochemotherapy; ALT, alanine
transaminase; AST, aspartate transaminase.
*P< .05.
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estimated. A total of 340 patients were included for analysis. It
was observed that chemotherapy combined with RT offered
similar local control rates and survival outcomes compared
with those with RT alone. Moreover, it presented more inci-
dence of treatment toxicity. It was observed that the age at
recurrence and rT category are independent predictors for OS.
A predictive model was established for rNPC patients’ stratifi-
cation that showed that patients with high-risk scores presented
worse OS. When compared with treatment outcomes for RT
combined with chemotherapy during the recurrent stage,
salvage RT alone may benefit for low-risk patients with lower
recurrence age, or those who are at an early rT category.

IMRT has been the most important salvaging treatment for
rNPC, which provides long-term tumor control as reported in
our previous study.17 NPC is sensitive to chemotherapy and a
combined regimen of cisplatin and gemcitabine is the standard
first-line regimen of rNPC/metastatic NPC.8,25 However,
whether the addition of chemotherapy can bring survival bene-
fits for rNPC patients with re-RT remains controversial. Until
now, only a few studies have evaluated the long-term survival
outcome of combined chemotherapy with re-RT in rNPC.14,15

Several trials focusing on IC before re-RT have indicated
good response rates in treating rNPC patients, especially the
general approach of using cisplatin and gemcitabine.12,26 A pro-
spective study has shown 70% partial response when 3-cycle IC
with cisplatin and gemcitabine were administered, with curative
effects superior to those without IC.11 The results of a phase II
trial showed significant improvements in OS rates when weekly
cisplatin was added to IMRT as compared to that of IMRT
alone. Notably, concomitant chemoradiotherapy can improve
survival outcomes, especially in the rNPC patients with
advanced stage category (III-IV) and rT category (rT3-4),
with DFI > 30 months, and larger tumor volume (> 26 cm3).27

A previous study on 184 rNPC patients treated with re-RT by
IMRT showed that a combination of chemotherapy signifi-
cantly improved only DMFS, but not OS.28 Contrary to the

above views, a meta-analysis had shown no significant impact
of chemotherapy on tumor control and prognosis, which may
be attributed to the treatment toxicity counteracting the benefits
of chemotherapy.15 The authors observed a high incidence of
grade 5 treatment toxic reactions, reaching up to 33%.15 In addi-
tion, it has been reported that the tolerance of patients to re-RT
would reduce when combined with chemotherapy.29 Consistent
with the results from previous studies, our results suggest that
chemotherapy may be unwarranted for some rNPC patients.
However, the curative effect of chemotherapy on rNPC with
salvage RT cannot be simply excluded. A prospective study
should be conducted in the future to verify the findings.

It is vital to explore the optimal curative strategies focusing
on improving therapeutic effects and minimizing treatment tox-
icities in rNPC. Reirradiation with conventional RT techniques
is associated with a considerable risk of severe complications.
However, IMRT is an advanced technique that enables the
delivery of high-dose radiation to the target volumes, thereby
potentially enhancing the therapeutic ratio with tolerable toxic-
ity.4 Unfortunately, radiation toxicity is still a serious problem
even in patients in the rT1-2 stage.30 Previous studies reported
that nearly 55% of rNPC patients exhibited late radiation inju-
ries more severe than grade 3 injuries, whereas 30% exhibited
grade 5 injuries including nasopharyngeal necrosis, necrosis
of the internal carotid artery, or other vessels, temporal lobe
necrosis, and so on.15,31 Some of these severe toxicities may
be related to the large fraction size used in previously heavily
irradiated normal tissues. In the current study, all patients
were initially treated with RT including conventional RT and
IMRT. To minimize the risk of excessive long-term adverse
effects, reirradiation volume was limited including the recurrent
foci with an expanded margin, and lymphatic drainage sites
were not covered in the CTV. Further, a limited number of
studies have explored the possibility of chemotherapy to
increase toxicity. On the one hand, the use of chemotherapeu-
tics such as cisplatin and docetaxel in RCT was regarded as a

Figure 3. The stratification and prediction of overall survival (OS) based on the constructed prognostic model. (A) Kaplan-Meier curves of OS
between low- and high-risk group. (B) Kaplan-Meier curves between radiotheraoy (RT) and radiochemotherapy (RCT) group with low risk score.
(C) The calibration plot for validation of the model.
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radiosensitizer for head and neck cancers, while on the other, it
may increase the occurrence of toxicity in re-RT cases.9,29,32

Zong et al reported that the rT category and chemotherapy
are associated with the incidence of severe late radiation
injury.31 It was demonstrated that rNPC patients receiving
RCT suffered more late toxicity than those treated with RT
alone.33 Previous studies have indicated that chemotherapy
was the major contributor to severe grade 3 acute hematological
toxicities.31 In addition, some studies demonstrated that the use
of chemotherapy at any phase can lead to significant toxici-
ties.31 Our results show that radiation damage and acute hema-
tological toxicities were more likely to be found in the RCT
group. Although the late radiation injuries noted in the RCT
group were not significantly different as compared with the
RT group,34 thus, the addition of chemotherapy to re-RT in
rNPC patients needs careful consideration given the apparent
increase in toxicities.

It is necessary to recognize the rNPC candidates who may
benefit from re-treatment. Several models have been con-
structed for the treatment stratification of patients.22,35–37 A
validated salvage radiotherapy outcome score was proposed
that identified a low-score subgroup of the female sex, who
had previous RT-induced grade 3 and higher-grade late toxic-
ities, and suboptimal performance status. They had a signifi-
cantly better survival benefit after receiving palliative CT
alone than receiving salvage RT.35 Li et al presented a prog-
nostic index for OS including rT category, age, and late toxic-
ities from prior RT, re-IMRT dose, and recurrence tumor
volume.23 A total of 531 patients were included to conduct
and validate a prognostic model based on a recursive partition-
ing analysis that divided patients into 3 groups.36 Salvage RT
could benefit rNPC patients in the low- and intermediate-risk
groups, while not in the high-risk group. In this study, a pre-
dictive model for screening patients who could benefit from
salvage RT was developed. Accordingly, salvage RT alone
induced a significant survival benefit in patients with lower
age at recurrence and early rT category. Both age at recurrence
and rT category also had significant prognostic values. The
model established by Li et al also confirmed that the important
factor, age at recurrence, may affect the prognosis of rNPC.23

This observation is consistent with the current clinical practice
too. Older patients may have lower tolerance owing to multi-
ple comorbidities, and poor organ function or performance
status.38 Further, the late disease stage indicates a higher inci-
dence of toxicity.

The present study has its limitations. First, the selection bias
was unavoidable because of the retrospective analysis. Since
the cohort in this study included patients from 2006 to 2019,
limitations of detection methods are inevitable leading to
missing plasma Epstein-Barr virus (EBV) DNA data, which is
an important indicator associated with clinical outcomes
during the treatment.33,39 In addition, due to the retrospective
nature, this study lacked data on late radiation-induced
adverse events in different treatment methods. Moreover, the
relevant analyses of re-RT dose were not involved in the
current study, given the complexity of radiobiology.

Furthermore, although we collected clinical features of each
patient involved and established a predictive model, an external
cohort needs to be used to validate the clinical utility of the
findings.

Conclusion
In conclusion, chemotherapy did not appear to improve the
effectiveness of salvage RT in rNPC patients. A predictive
model to identify patients who can benefit from salvage RT
to personalize treatment recommendations is proposed.
Therefore, further treatment strategies are needed for a reason-
able balance between tumor control and toxicity in rNPC
patients and to improve survival outcomes.
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