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Abstract

Background: Radiation-induced cancer (RIC) is a late complication in patients who have been treated for nasopharyngeal car-
cinoma (NPC). The comparison of index anatomic location, index histological type, and survival of RIC in patients with NPC after
different radiotherapy modalities (intensity-modulated radiotherapy [IMRT], 3-dimensional conformal radiotherapy [3D-CRT], and
conventional 2D radiotherapy) is currently unavailable.

Methodology: A total of 38,565 patients with NPC who received curative-intent radiotherapy at Sun Yat-sen University Cancer
Center between January 1986 and December 2017 were reviewed. A total of 141 patients who developed RIC and fulfilled the
study criteria were included. Categorical variables were compared by the % test or Fisher’s exact test. Kaplan-Meier curves were
used to evaluate overall survival. Cox proportional hazards models were used to examine the independent significance of RIC
treatment.

Results: Among IMRT, 3D-CRT, and conventional 2D radiotherapy, the incidence of mandible RIC was higher in patients who
received 3D-CRT (0.07%) than in those who received IMRT (0%). The proportion of mandible RICs was higher in patients who
received 3D-CRT (16.667%) than in those who received IMRT (0%) and conventional 2D radiotherapy (3.529%). Regarding the his-
tological type, the incidence of squamous cell carcinoma (SCC) was higher in patients who received conventional 2D radiotherapy
(0.266%) than in those who received 3D-CRT (0.175%); patients who received IMRT had a higher proportion of SCC than those
who received 3D-CRT/conventional 2D radiotherapy (86.4% vs. 41.7% vs. 74.2%); the incidence of sarcoma was higher in patients
who received 3D-CRT (0.175%) than in those who received IMRT (0.025%); and the proportion of sarcoma was higher in patients
who received 3D-CRT (41.667%) than in those who received IMRT (6.818%) and conventional 2D radiotherapy (17.647%). Patients
who received surgery for RICs had better survival than those who received no surgery (64.49 vs. 12.42 months). In the univariate
and multivariate analyses, surgery was an independent prognostic factor for overall survival.

Conclusions: Our results have implications for long-term follow-up of RIC, multidisciplinary management, and patient counseling
of RIC after nasopharyngeal carcinoma treatment by treating clinicians.
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Introduction ment are increasingly being focused upon because of marked
Long-term sequelae of nasopharyngeal carcinoma (NPC) treat- improvement in outcomes "2, Radiation-induced cancer (RIC)
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is a known late complication in patients who have been treated
for NPC by radiation therapy “?. Although the incidence of RIC
is rare (range, 0.08%-0.3%), poor outcomes for patients with

RIC have been reported in several studies ®. Prevention, early
detection, and treatment of RICs in patients with NPC is crucial
and challenging.

As of yet, most published studies about RICs have included a
mixed cohort of patients with a heterogeneity of primary can-
cers or with RICs occurring at a variety of locations ?¢. Among
them, the results detailing RICs in patients with NPC treated with
definitive radiotherapy are limited ©. These studies included
relatively low numbers of NPC cases, inadequate numbers of
anatomic locations, and limited histological types. Furthermore,
the data regarding the effect of different radiotherapy modali-
ties on the aforementioned factors are limited &7,

Here, we present a study involving a relatively large group of pa-
tients with NPC who developed RICs after curative-intent radio-
therapy. We aimed to analyze and compare the index anatomic
location, index histological type, and survival of patients with
RICs after NPC treatment with intensity-modulated radiotherapy
(IMRT), 3-dimensional conformal radiotherapy (3D-CRT), or
conventional 2-dimensional (2D) radiotherapy.

Methods

Study population

From January 1986 to December 2017, 38,565 patients with NPC
received curative-intent radiotherapy at Sun Yat-sen University
Cancer Center. Based on the studies by Cahan et al. "® and Arlen
et al. ", the following inclusion criteria were considered: 1) prior
history of radiotherapy for NPC; 2) occurrence of cancer within
the previously irradiated field; 3) histological confirmation of
malignancies of the postirradiation lesion; and 4) latency period
between radiotherapy for NPC and a second primary cancer of
at least 3 years. Finally, the data of 141 patients with NPC who
developed RIC were included in this study.

Patients were restaged based on the TNM staging system of the
American Joint Committee on Cancer (7th edition, 2009).

Statistical analysis

Statistical analyses were performed using R (version 4.0.3) and
SPSS (version 22.0). The data cutoff date for this analysis was
December 31, 2019. Categorical variables were compared by
means of the 2 test, adjusted 2 test, or Fisher’s exact test.
Kaplan-Meier curves were used to evaluate overall survival (OS,
time period between the date of RIC diagnosis and the date of
either death or last follow-up, whichever occurred first), and the
group differences were compared by log-rank tests. Univariable
and multivariable Cox proportional hazards models were used
to examine the independent significance of RIC treatment,
adjusting for other factors. P values <0.05 were considered
statistically significant. The authenticity of this study has been

78

validated by uploading the key raw data onto the Research Data
Deposit public platform (www.researchdata.org.cn), with the
approval RDD number RDDA2021583427.

Results

From January 1986 to December 2017, 38,565 patients with NPC
received curative-intent radiotherapy, and 141 patients deve-
loped RICs. We estimated that the incidence of RICs in patients
with NPC after receiving curative-intent radiotherapy was ap-
proximately 0.365%. Table 1 displays the clinical characteristics
and treatment modalities of the cohort.

Compared with patients who received conventional 2D
radiotherapy, those who received 3D-CRT were more likely to
have RICs in the maxillary sinus (0.059% vs. 0.07%), hard palate
(0.034% vs. 0.035%), mandible (0.013% vs. 0.07%), oropharynx
(0.008% vs. 0.035%), maxilla (0.017% vs. 0.035%), and zygoma
(0% vs. 0.035%); those who underwent 3D-CRT had a higher
incidence of sarcoma (0.175% vs. 0.063%), carcinoma in situ
(0.035% vs. 0.008%), and mucoepidermoid carcinoma (0.035%
vs. 0.004%) than those who underwent conventional 2D
radiotherapy; however, the patients who underwent conventi-
onal 2D radiotherapy had a higher incidence of squamous cell
carcinoma (0.266% vs. 0.175%; P=0.041). Patients who received
IMRT had a higher incidence of RICs in the tongue (0.208% vs.
0.105%), oral cavity (0.017% vs. 0%), soft palate (0.008% vs. 0%),
and parotid gland (0.017% vs. 0%) than those who received
3D-CRT; the patients who underwent 3D-CRT had a higher inci-
dence of RICs in the mandible (0.07% vs. 0%; P=0.037). The inci-
dence of RICs, including squamous cell carcinoma (SCC) (0.175%
vs. 0.315%), lymphoepithelioma-like carcinoma (LELC) (0% vs.
0.008%), and adenoid cystic carcinoma (ACC) (0% vs. 0.008%),
was also higher in patients who received IMRT; the patients
who underwent conventional 3D-CRT had a higher incidence of
sarcoma (0.175% vs. 0.025%; P=0.002) (Table 2; Figures S1-S2).
Among the three subgroups, the most common anatomic loca-
tion of RICs was the tongue. Notably, the proportion of RICs of
the tongue was markedly higher in patients who received IMRT
(56.8%) than in those who received conventional 2D radiothe-
rapy (40%) and 3D-CRT (25%); the proportion of mandible RICs
was higher in patients who received 3D-CRT (16.67%) than in
those who received conventional 2D radiotherapy (3.529%) and
received IMRT (0%) (P=0.04). Regarding the histological type,
SCC was the most common RIC, followed by sarcoma. Patients
who received IMRT had a higher proportion of SCC (86.364% vs.
41.667% vs. 74.118%; P=0.007) but a lower proportion of sar-
coma than those who received 3D-CRT/conventional 2D radio-
therapy (6.8% vs. 41.667% vs. 17.647%; P=0.017) (Table 2; Figure
S3-S4). Further analyses to determine the differences between
the three subgroups showed that SCC was predominant in
almost all locations among patients who received conventional
2D radiotherapy and IMRT, especially for IMRT; however, SCC



Table 1. Patient characteristics of the study cohort.

Characteristic No. of

patients

(n=141)
Sex
Male 108 (76.6%)
Female 33 (23.4%)
Age at diagnosis of nasopharyngeal carcinoma,
median (IQR), years

43 (37-50)
Histologic type of nasopharyngeal carcinoma
WHO type Il 5 (3.5%)
WHO type Il 136 (96.5%)
Stage of nasopharyngeal carcinoma
I/ 43 (30.5%)
/v 98 (69.5%)
Radiation technique
Conventional 2D radiotherapy 85 (60.3%)
3D-CRT 12 (8.5%)
IMRT 44 (31.2%)
Treatment of nasopharyngeal carcinoma
Radiation alone 90 (63.8%)
Radiation plus chemotherapy 51 (36.2%)
Location of radiation-induced cancer
Tongue 62 (44%)
Maxillary sinus 21 (14.9%)
Gingiva 17 (12.1%)
Hard palate 12 (8.5%)
Oropharynx 6 (4.3%)
Mandible 5 (3.5%)
Oral cavity 5 (3.5%)

*The patient rejected treatment.

Radiation-induced cancer after NPC treatment

Characteristic No. of
patients
(n=141)

Maxilla 5 (3.5%)
Parotid gland 4 (2.8%)
Soft palate 3 (2.1%)
Zygoma 1 (0.7%)
Histologic type of radiation-induced cancer

Squamous cell carcinoma 106 (75.2%)
Sarcoma 23 (16.3)
Osteosarcoma 10 (7.1%)
Fibrosarcoma 7 (5%)
Undifferentiated pleomorphic sarcoma 3 (2.1%)
Chondrosarcoma 2 (1.4%)
Osteosarcoma/fibrosarcoma 1 (0.7%)
Carcinoma in situ 4 (2.8%)
Adenocarcinoma 2 (1.4%)
Mucoepidermoid carcinoma 2 (1.4%)
Myofibroblastoma 2 (1.4%)
Lymphoepithelioma-like carcinoma 1 (0.7%)
Adenoid cystic carcinoma 1 (0.7%)
Treatment of radiation-induced cancer

Surgery alone 80 (56.7%)
Surgery and chemotherapy 21 (14.9%)
Chemotherapy alone 16 (11.3%)
Radiotherapy and chemotherapy 1 (7.8%)
Surgery and radiotherapy 8 (5.7%)
Surgery, chemotherapy and radiotherapy 3 (2.1%)
Radiotherapy alone 1 (0.7%)
Supportive care * 1 (0.7%)

Abbreviations: IQR = interquartile range; WHO = World Health Organization; Conventional 2D radiotherapy = conventional 2-dimensional radiothera-

py; 3D-CRT = 3-dimensional conformal radiotherapy; IMRT = intensity-modulated radiotherapy.

and sarcoma were almost balanced in patients who underwent
3D-CRT and IMRT (Table 3; Figures S5-57).

The median latency between radiotherapy initiation for NPC
and diagnosis of RICs was 97.9 months (interquartile range [IQR],
48.0-142.3). The median RIC latency period was 122.2 months
(IQR, 66.0-163.0) in patients who received conventional 2D ra-
diotherapy versus 95.8 months (IQR, 60.6-144.6) in patients who
received 3D-CRT versus 48.8 months (IQR, 41.8-92.8) in patients
who received IMRT (P<0.0001). The RIC latency was shorter

for patients who received radiation plus chemotherapy than

for those who received radiotherapy alone (54.4 months [IQR,
42.3-106.8] vs. 118.0 months [IQR, 58.3-159.7], P<0.0001). The
median follow-up time after diagnosis of RICs was 22.5 months
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(IQR, 9.3-56.6). Of the 141 patients who received curative-intent
treatment for RICs, 87 (61.7%) developed locoregional recur-
rence and/or distant metastasis. The 5-year OS rate for the whole
cohort was 33.0%, and the median OS was 33.5 months (95% Cl,
21.2-46.8) (Figure 1A). Those who received surgery-based treat-
ments had better survival outcomes than patients who received
no surgery (64.49 months [95% Cl, 23.84-105.15] vs. 12.42
months [95% Cl, 4.26-20.58]) (P<0.0001); 5-year OS was 43% in
the surgery-based group and 4% in the no surgery group (Figure
1B). In the univariate analyses, surgery and chemotherapy were
prognostic factors for overall survival. In multivariate analyses by
prognostic factor, surgery was the only independent prognostic
factor for overall survival (P<0.0001) (Table 4).
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Table 2. Comparison for incidence, proportion of radiation-induced cancers among patients who received conventional 2D radiotherapy, 3D-CRT, and

IMRT according to index anatomic location, and index histological type.

Conventional 2D radio 3D-CRT IMRT
therapy (n=23656) (n=2864) (n=12045)

No. Incidence Pro- No. Incidence Pro- Incidence Pro- P- P-
portion portion portion  value® value®

Anatomic location

All types 85 (0.359%) 12 (0.419%) 44 (0.365%) 0.617¢  0.673* =
Tongue 34 (0.144%) (40%) 3 (0.105%) (25%) 25 (0.208%) (56.818%) 0.598* 0.253* 0.073°
Maxillary sinus 14 (0.059%) (16.471%) 2 (0.07%) (16.667%) 5 (0.0415%) (11.364%) 0.826° 0.529*° 0.730°
Gingiva 13 (0.055%)  (15.294%) 1 (0.035%) (8.333%) 3 (0.0249%) (6.818%) 0.659*° 0.574°> 0.344°
Hard palate 8 (0.034%) (9.412%) 1 (0.035%) (8.333%) 3 (0.0249%) (6.818%)  1.000° 0.574° 0.899°
Mandible 3 (0.013%) (3.529%) 2 (0.07%) (16.667%) 0 (0%) (0%) 0.093° 0.037° 0.040°
Oral cavity 3 (0.013%) (3.529%) 0 (0%) (0%) 2 (0.0166%)  (4.545%)  1.000° 1.000° 1.000°
Oropharynx 2 (0.008%) (2.353%) 1 (0.035%) (8.333%) 3 (0.0249%) (6.818%) 0.290° 0.574° 0.300°
Soft palate 2 (0.008%) (2.353%) 0 (0%) (0%) 1 (0.008%) (2.273%)  1.000° 1.000° 1.000°
Parotid gland 2 (0.008%) (2.353%) 0 (0%) (0%) 2 (0.017%) (4.545%) 1.000° 1.000° 0.725°
Maxilla 4 (0.017%) (4.706%) 1 (0.035%) (8.333%) 0 (0%) (0%) 0.435° 0.192° 0.178°
Zygoma 0 (0%) (0%) 1 (0.035%) (8.333%) 0 (0%) (0%) 0.108°> 0.192° 0.085°
Histological type

All types 85 (0.359%) 12 (0.419%) 44 (0.365%) 0.359° 0.673° =

SUEEE e 63 (0.266%) (74.118%) 5  (0.175%) (41.667%) 38  (0.315%) (86.364%) 0.041° 0.206° 0.007°

carcinoma

Sarcoma 15 (0.063%) (17.647%) 5  (0.175%) (41.667%) 3  (0.025%) (6.818%) 0290° 0.002* 0.017
Carcinomainsitu 2 (0.008%) (2.354%) 1  (0.035%) (8333%) 1  (0.008%) (2273%) 1.000° 0347° 0.382°
Adenocarcinoma 2 (0.008%)  (2.354%) 0 (0%) (0%) 0 (0%) (0%)  0.204> 1.000° 0.621°
Mucoepidermoid \ h0000  (1.176%) 1 (0.035%) (8333%) O (0%) (0%) 1.000° 0.192° 0259
carcinoma

Myofibroblastoma 2 (0.008%)  (2.354%) O (0%) (0%) 0 (0%) (0%)  1.000° 1.000° 0.621°
ridiesailisio g (0%) (0%) 0 (0%) (0%) 1 (0.008%) (2.273%) 1.000° 1.000° 0.397°
ma-like carcinoma

hreldelte @sie 0 (0%) (0%) 0 (0%) (0%) 1 (0.008%) (2.273%) 0359 1.000° 0.397°
carcinoma

* Comparison for incidence of radiation-induced cancer between patients received conventional 2D radiotherapy and those received 3D-CRT. *
Comparison for incidence of radiation-induced cancer between patients received 3D-CRT and those received IMRT. # Comparison for proportion of
radiation-induced cancer among patients received conventional 2D radiotherapy, those received 3D-CRT, and those received IMRT. 2 P-values were
calculated with y? test. ® P-values were calculated with Fisher’s exact test.

Abbreviations: Conventional 2D radiotherapy = conventional 2-dimensional radiotherapy; 3D-CRT = 3-dimensional conformal radiotherapy; IMRT =

intensity-modulated radiotherapy.

Discussion type of RICs in patients after they received IMRT, 3D-CRT, or
There are advantages to administering 3D-CRT/IMRT for the conventional 2D radiotherapy for NPC.
treatment of NPC; nevertheless, for reasons referred to in the Over time, radiation techniques have progressed from conven-

study by Hall and colleagues ', an increase in the incidence of tional 2D radiotherapy to 3D-CRT and then to IMRT. Currently,
RICs has been observed @. In this investigation, we first analyzed ~ IMRT is the most widely used technique. Locoregional control
the incidence and proportion of RICs, including rare histological and survival have improved, and toxicity has been reduced
type (e.g., LELC and ACC) and rare anatomic location (e.g., zygo- (1316 |n a meta-analysis reviewing 3,570 participants, IMRT was
ma and salivary gland). More importantly, our study highlighted significantly associated with better 5-year locoregional control
the differences in index anatomic location and index histological ~ (odds ratio [OR], 1.94 [95% Cl, 1.53-2.46]) and overall survival
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Table 3. The distribution of index histological type of radiation-induced cancer in patients who received conventional 2D radiotherapy, 3D-CRT, and

IMRT according to index anatomic location.

Conventional 2D 3D-CRT IMRT
radiotherapy
Anatomic location Histological type No. Distribution b Distribution b Distribution

Tongue All (n=62) n=34 n=3 n=25

Squamous cell carcinoma 32 (94.1%) 2 (66.7%) 24 (96%)

Carcinoma in situ 1 (2.9%) 1 (33.3%) 1 (4%)

Adenocarcinoma 1 (2.9%) - - - -
Maxillary sinus All (n=21) n=14 n=2 n=5

Squamous cell carcinoma 7 (50%) 1 (50%) 3 (60%)

Sarcoma 5 (35.7%) 1 (50%) 2 (40%)

Myofibroblastoma 2 (14.3%) - - - -
Gingiva All (n=17) n=13 n=1 n=3

Squamous cell carcinoma 12 (92.3%) 1 (100%) 2 (66.7%)

Sarcoma 1 (7.7%) - - 1 (33.3%)

Carcinoma in situ = = = = = =
Hard palate All (n=12) n=8 n=1 n=3

Squamous cell carcinoma 6 (75%) - - 3 (100%)

Sarcoma 1 (12.5%) 1 (100%) - -

Carcinoma in situ 1 (12.5%) - - - -
Mandible All (n=5) n=3 n= -

Sarcoma 3 (100%) 2 (100%) - -
Oral cavity All (n=5) n=3 - n=2

Squamous cell carcinoma 2 (66.7%) - - 2 (100%)

Sarcoma 1 (33.3%) - - - -
Oropharynx All (n=6) n=2 n=1 n=3

Squamous cell carcinoma 2 (100%) - - 3 (100%)

Mucoepidermoid carcinoma - - 1 (100%) - -
Soft palate All (n=3) n=2 - n=1

Squamous cell carcinoma 1 (50%) - - 1 (100%)

Sarcoma 1 (50%) - - - -
Parotid gland All (n=4) n=2 - n=2

Mucoepidermoid carcinoma 1 (50%) - - - -

Adenocarcinoma 1 (50%) - - - -

Lymphoepithelioma-like carcinoma - - - - 1 (50%)

Adenoid cystic carcinoma - - - - 1 (50%)
Maxilla All (n=5) n=4 n=1 -

Squamous cell carcinoma 1 (25%) - - - -

Sarcoma 3 (75%) 1 (100%) = =
Zygoma All (n=1) - n=1 -

Squamous cell carcinoma - - 1 (100%) - -

Abbreviation: 3D-CRT = 3-dimensional conformal radiotherapy; IMRT = intensity-modulated radiotherapy.

(OR, 1.51 [95% Cl, 1.23-1.87]) than conventional 2D radiotherapy  incidence of RIC because of the exposure of a larger volume of
or 3D-CRT (13). In contrast, this transition has led to an increased normal tissue to low doses of radiation and a rise in the number
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Table 4. Summary of univariable and multivariable analyses of prognostic factors.

Univariable analyses

HR (95% Cl)

P-value

Multivariable analyses

HR (95% Cl) P-value

Overall survival

Sex *

Age at diagnosis of RIC
Smoking status ¥
Alcohol intake ®

Medical history
Surgery !
Chemotherapy **
Radiotherapy *

1.328 (0.766-2.304)
1.009 (0.985-1.034)
1.324 (0.826-2.120)
1.016 (0.967-1.068)
0.652 (0.159-2.668)
0.266 (0.163-0.463)
1.887 (1.189-2.997)
1.360 (0.756-2.444)

0312 = =
0.460 = =

0.243 = =

0.518 = =

0.552 = =

<0.0001
0.007

<0.0001
0.565

0.228 (0.111-0.470)
0.817 (0.411-1.625)

0.304 = =

P-values were calculated with an adjusted Cox proportional-hazards model. All hazard ratios are adjusted for other covariates. * Male vs female. " Age

per year increase. * Yes vs no.  Yes vs no. ' Yes vs no. * Surgery vs no surgery. ** Chemotherapy vs no chemotherapy. ' Radiotherapy vs no radiotherapy.

Abbreviations: RIC = radiation-induced cancer; HR = hazard ratio; 95% Cl = 95% confidence interval.
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of monitor units by a factor of 2 to 3 2, Our results are inconsis-
tent with those of previous studies “. There is likely one reason
that can explain the lower incidence of RICs in patients treated
with IMRT and/or 3D-CRT. The median latency period of RICs
ranges from 7.6 to 22 years &7, The shorter follow-up time for
many patients who received 3D-CRT/IMRT, relative to conven-
tional 2D radiotherapy, might have led to an underestimation
of the incidence of RICs. In addition, our estimated incidence
may be lower than the actual incidence because some patients
did not return for follow-up, or some may have died before the
presentation of RICs.

Our results are in line with previous studies suggesting that

the radiation technique may be associated with the histologic
type of RIC ©61220 3D-CRT is correlated with the development
of sarcoma ©'?, while IMRT is believed to be associated with
nonsarcoma malignancies (e.g., SCC) 529, RICs after treatment
for nasopharyngeal carcinoma are uncommon. In this study, we
analyzed a series of rare histological types, including LELC and
ACC, which were first reported as RICs. In addition, our estima-
ted incidence of RIC was comparable to that reported by Liu

et al. ®. SCCis the most frequent histologic type of RIC @". For
example, Liu et al. reported that the incidence rate of radiation-
induced squamous cell carcinoma was 0.21% ©, and this finding
was substantiated by our study (0.27%). Further studies will be
needed to definitely determine whether radiation is related to
this histological type.

In a study by Xi et al., latency did differ between the patients
who received different radiation techniques ©. Liu et al. found
that the latency was significantly shorter for patients who
underwent IMRT than for patients who underwent conventio-
nal 2D radiotherapy ®. In our study, there was a shorter latency



interval in patients who received IMRT than in those who
received conventional 2D radiotherapy and 3D-CRT, suppor-
ting a correlation between radiotherapy modality and latency
@2 In addition, our study suggested that the administration of
chemotherapy shortens the interval between radiotherapy for
NPC and the subsequent presentation of RICs. Previous studies
have produced evidence that chemotherapy has an impact on
the timing of RICs 3329,

Regarding the prognoses of RIC, a study performed by Liu et al.
found that the 5-year OS rate for patients with radiation-induced
squamous cell carcinoma was 35.2% ©), which was consistent
with that of 33% in the present study. The survival of patients
with RICs is related to histological type, anatomic tumor loca-
tion, and treatment modality. Surgery is the widely accepted
modality for most RICs ©. Liu et al. reported a 5-year OS rate of
47.1% for patients who received surgery ©. We also found a re-
latively good 5-year OS rate of 44% for patients who underwent
surgical resection. The higher 5-year OS rate in both studies
indicated that the prognoses of patients with RIC after surgical
resection were better. Anatomic location can limit a surgeon’s
ability to achieve complete resection of RICs with negative mar-
gins. However, complete resection with negative margins seems
to offer the best chance for long-term survival ©. In our study,
the multivariate analysis revealed that surgery-based multidisci-
plinary treatment was the only independent predictive factor for
better survival, a finding that is consistent with Liu et al’s report.
Limitations of the study: 1) the differences in several incidences
and proportions of RICs among the three subgroups appeared
not to be statistically significant. This negative finding may be
related to small absolute numbers of RICs; this is a common
finding in studies of rare disease; 2) compared with patients
receiving conventional 2D radiotherapy, those receiving 3D-CRT
and IMRT had a shorter follow-up time, which might have resul-
ted in an underestimation of the occurrence of RICs; 3) compa-
red with previous studies, the increased number of anatomic
sites and histological types of patients with RICs in our study
may introduce the possibility of bias (e.g., the eligible patients
were included until December 2017 with a median latency of
RIC of approximately 9 years, and the inclusion/comparison with
modern radiation techniques may be prone to bias); 4) the data

Radiation-induced cancer after NPC treatment

used in this retrospective analysis, which were obtained from

a single institution in Guangdong, southern China, where NPC
is endemic, are limited when considering the applicability of
these results outside of east and southeast Asia, where NPC is
relatively rare. Hence, future research involving multicenter data
and longer follow-up times is needed.

Conclusions

To the best of our knowledge, this is the first investigation
demonstrating and comparing the incidence, proportion, and
distribution of RICs in patients with NPC after IMRT, 3D-CRT, and
conventional 2D radiotherapy. Our study results have implica-
tions for careful and long-term follow-up for the detection of
RICs as well as multidisciplinary counseling and management of
patients with RICs after NPC treatments.
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Figure S1.The incidence of radiation-induced cancers among patients who received IMRT, 3D-CRT, and conventional 2D radiotherapy according to

index anatomic location. Abbreviations: IMRT = intensity-modulated radiotherapy; 3D-CRT = 3-dimensional conformal radiotherapy; Conventional 2D

radiotherapy = conventional 2-dimensional radiotherapy.
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Figure S2.The incidence of radiation-induced cancers among patients who received IMRT, 3D-CRT, and conventional 2D radiotherapy according to

index histological type. Abbreviations: IMRT = intensity-modulated radiotherapy; 3D-CRT = 3-dimensional conformal radiotherapy; Conventional 2D

radiotherapy = conventional 2-dimensional radiotherapy.
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Figure S3.The proportion of index anatomic location of radiation-induced cancers according to patients who received IMRT, 3D-CRT, and conven-
tional 2D radiotherapy. Abbreviations: IMRT = intensity-modulated radiotherapy; 3D-CRT = 3-dimensional conformal radiotherapy; Conventional 2D

radiotherapy = conventional 2-dimensional radiotherapy.
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Figure S4.The proportion of index histological type of radiation-induced cancers according to patients who received IMRT, 3D-CRT, and conventional
2D radiotherapy Abbreviations: IMRT = intensity-modulated radiotherapy; 3D-CRT = 3-dimensional conformal radiotherapy; Conventional 2D radio-

therapy = conventional 2-dimensional radiotherapy.
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Figure S5. The distribution of index anatomic location and index histological type of radiation-induced cancers in patients who received conventional

2-dimensional radiotherapy.
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3-CRT

Figure S6.The distribution of index anatomic location and index histological type of radiation-induced cancers in patients who received 3-dimen-

sional conformal radiotherapy.
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Figure S7.The distribution of index anatomic location and index histological type of radiation-induced cancers in patients who received intensity-

modulated radiotherapy.
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