| observational study MediCi ne

The clinical characteristics of secondary primary
tumors in patients with nasopharyngeal carcinoma
after intensity-modulated radiotherapy

A retrospective analysis
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Abstract N
To investigate the clinical characteristics associated with the risk of developing secondary primary tumors (SPTs) in patients with |
nasopharyngeal carcinoma (NPC) who underwent intensity-modulated radiotherapy (IMRT).

Data from 527 patients with biopsy-proven nonmetastatic NPC who were treated with IMRT between January 2007 and
December 2011 were analyzed retrospectively. The cumulative incidence of SPTs after IMRT completion was estimated using the
Kaplan—Meier method. Intergroup differences in the cumulative incidence were determined using the log-rank test. The Cox
proportional hazards regression model was used to confirm the risk factors associated with IMRT-induced SPTs.

The median follow-up duration was 45.5 months (range, 4-97 months). Of the 527 patients, 12 (2.3%) developed posttreatment
SPTs (9 men, 3 women), 6 of which were located in the irradiation field. SPTs were mostly located in the upper aerodigestive tract (n=
7), head and neck (n=6), lungs (n=3), and tongue (h=2). The 1-, 3-, and 5-year cumulative SPT risk rates were 0.4%, 1.4%, and
3.1%, respectively, and the mean annual growth in cumulative incidence was approximately 0.6%. The 1-, 3-, and 5-year cumulative
in-field SPT risk rates were 0.4%, 0.8%, and 1.5%, respectively, and the mean annual growth in the in-field cumulative incidence was
approximately 0.3%. Univariate and multivariate analysis revealed that sex, age, clinical stage, chemotherapy, and overall IMRT
duration did not significantly affect SPT risk. However, the history of smoking was the independent risk factor associated with SPT.

The 5-year SPT incidence among patients with NPC after IMRT is concordant with or lower than that in previous 2-dimensional
radiotherapy studies study. Among patients with NPC who underwent IMRT, the upper aerodigestive tract was the most common
SPT site, and lung cancer was the most common pathology. Smoking history, but not sex, age, clinical stage, chemotherapy, and
overall IMRT duration is the independent risk factor associated with SPT. Additional large-scale studies with longer-term follow-ups
are needed to determine risk factors associated with SPT development after IMRT.

Abbreviations: AC = adjuvant chemotherapy, CCT = concurrent chemotherapy, CT = computed tomography, EBV =
Epstein—Barr virus, IMRT = intensity-modulated radiotherapy, MRI = magnetic resonance imaging, NACT = neoadjuvant
chemotherapy, NPC = nasopharyngeal carcinoma, PTV = planned target volume, SPT = secondary primary tumor.
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1. Introduction undergo radiotherapy. Accordingly, the incidence of radiothera-
py-induced secondary primary tumors (SPTs) has increased."-*!
SPTs can be life-threatening and have become the most serious
complication in patients who have achieved long-term survival

Advances in modern irradiation techniques have prolonged the
survival durations of patients with malignant tumors who
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after radiotherapy.>=®! In Asian countries, and particularly in
Southern China, nasopharyngeal carcinoma (NPC) is the most
common malignant tumor of the head and neck. Intensity-
modulated radiotherapy (IMRT) has improved the clinical
efficacy of radiotherapy in patients with NPC and has widely
replaced conventional radiotherapy, leading to increased survival
durations.!”!

The SPT incidence among patients with NPC after conven-
tional radiotherapy is approximately 2.0% to 5.6%!1>¢87131;
however, data concerning the incidence of SPT after IMRT are
scarce. A previous study indicated that IMRT doubled the
radiation-induced cancer risk when compared with conventional
radiotherapy.!'¥ To date, no reports have detailed the
characteristics of IMRT-induced SPTs in patients with NPC.
To evaluate the risk factors associated with IMRT-induced
SPTs, in this study we retrospectively analyzed the clinical
characteristics of SPTs in patients with biopsy-proven nonmeta-
static NPC who underwent IMRT.

2. Materials and methods

2.1. Patients

The ethical committee of Ren Ji Hospital approved this study. A
total of 527 patients with NPC who were treated with IMRT at
the Cancer Hospital of Guangxi Medical University between
January 2007 and December 2011 were enrolled. The inclusion
criteria were as follows: histologically confirmed NPC by
nasopharyngeal biopsy, no evidence of metastasis, no previous
malignancy or concomitant malignant disease, no previous
treatment for NPC, a Karnofsky performance status of >70, and
completion of a course of radical IMRT. Of the 527 patients, 394
were men and 133 were women (ratio, 2.9:1), the median age was
44 years (range, 15-79 years).

The initial work-up included a complete physical examination,
computed tomography (CT) or magnetic resonance imaging
(MRI) of the head and neck, histological confirmation of
nasopharyngeal lesions, chest radiography or CT, abdominal
ultrasound or CT, and single-photon emission CT (SPECT)
whole-body bone scan to exclude distant metastases.

The baseline characteristics of the 527 included patients are
listed in Table 1. Patients were staged according to the 2010
Union for International Cancer Control staging system. Patholo-
gy classification was based on the World Health Organization
grading system, with Grade I representing squamous cell
carcinoma, Grade II representing nonkeratinizing carcinoma,
and Grade III representing undifferentiated carcinoma.

2.2. Radiotherapy and chemotherapy

All patients were immobilized in the supine position with
individually manufactured precision mask positioned from the
head to the shoulders. Contrast-enhanced CT images were
obtained using a CT simulator. After completing target
delineation, data were imported to a treatment planning system
for treatment design. The prescribed radiation doses were 69.96
to 74.09Gy to the planned target volume (PTV) within the
primary nasopharyngeal gross tumor volume, including the
cervical lymph nodes, 60 to 65.1Gy to the PTV of high-risk
regions, and 51.62 to 57.6 Gy to the PTV of low-risk and neck
nodal regions. IMRT was delivered via 9 fixed-gantry angles
using the step-and-shoot treatment technique. All patients were
treated with 1 daily fraction on § days per week.

Medicine

Patient characteristics and treatment factors for the cohort
(n=527).

Characteristics No. of patients %
Sex

Male 394 74.8

Female 133 25.2
Age, y

>44 255 48.4

<44 272 51.6
Histological type

Nonkeratinizing carcinoma 523 99.2

Keratinizing squamous carcinoma 4 0.8
Tumor stage

-2 218 414

T3-4 309 58.6
Node stage

NO-1 244 46.3

N2-3 283 53.7
Clinical stage

- 129 24.5

li-Va—b 398 755
Overall IMRT time, d

>44 203 38.5

<44 324 61.5
Chemotherapy

Yes 468 88.8

No 59 11.2
Concurrent chemotherapy

Yes 450 85.4

No 77 14.6
Neoadjuvant chemotherapy

Yes 94 17.8

No 433 82.2
Adjuvant chemotherapy

Yes 310 58.8

No 217 41.2
Smoking

Yes 141 26.8

No 386 73.2

IMRT =intensity-modulated radiotherapy.

During the study period, 468 of the 527 patients underwent
chemotherapy. Of the 398 patients with stage [I-IVa/b disease,
41 were treated with radiotherapy alone for economic or
personal reasons. Concurrent chemotherapy (CCT) consisted of
cisplatin (100 mg/m?) on day 1 of a 21-day cycle. Neoadjuvant
plus adjuvant chemotherapy (NACT +AC) consisted of either
cisplatin (80 mg/m?) on day 1 plus fluorouracil (750 mg/m?) on
days 1 to 4 of a 21-day cycle (PF); docetaxel (60-75 mg/m?) plus
cisplatin (60-80mg/m?) on day 1 of a 21-day cycle (TP); or
cisplatin (60 mg/m?) plus docetaxel (60mg/m?) on day 1 plus
fluorouracil (600 mg/m?) on days 1 to 5 of a 21-day cycle (TPF).
Patients underwent 1 to 8 cycles of chemotherapy. CCT was
administered to 112 patients, NACT + CCT to 40 patients, CCT
+AC to 258 patients, NACT+CCT+AC to 40 patients, and
NACT or AC to 18 patients.

2.3. Follow-up

After the initial treatment, patients were follow-up every
3 months during the first 3 years, every 6 months during the
next 2 years, and annually thereafter. Chest radiography,
abdominal ultrasonography, MRI of the nasopharynx and neck
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List of secondary primary tumors (SPTs) in patients who underwent intensity-modulated radiotherapy (IMRT).

NPC SPT

Cycles Within
Sex Age Histology Treatment of CT Smoking MBD Age Location Histology RT field
Male 55 Nonkeratinizing carcinoma CCRT+AC 4 Yes 49 59 Lung Adenocarcinoma No
Male 28 Nonkeratinizing carcinoma CCRT 3 No 47 32 Neck Lymphoepithelioma-like carcinoma Yes
Female 48 Nonkeratinizing carcinoma CCRT 3 Yes 43 52 Tongue Squamous cell carcinoma Yes
Male 41 Nonkeratinizing carcinoma ~ NACT +CCRT +AC 5 Yes 41 45 Kidney Papillary renal cell carcinoma No
Male 57 Nonkeratinizing carcinoma CCRT+AC 4 Yes 37 60 Lung Nonsmall cell lung cancer No
Male 45 Nonkeratinizing carcinoma CCRT+AC 5 No 35 48 Stomach Adenocarcinoma No
Male 49 Nonkeratinizing carcinoma CCRT+AC 4 No 30 52 Neck Non-Hodgkin lymphoma Yes
Female 58 Nonkeratinizing carcinoma CCRT 3 Yes 29 60 Brain Glioma Yes
Male 35 Nonkeratinizing carcinoma Only IMRT 0 Yes 26 37 Lung Squamous cell carcinoma No
Female 13 Nonkeratinizing carcinoma CCRT 2 No 21 15 Kidney Neuroblastoma No
Male 46 Nonkeratinizing carcinoma CCRT+AC 3 Yes 12 47 Tongue Squamous cell carcinoma Yes
Male 78 Nonkeratinizing carcinoma IMRT+AC 1 No 12 79 Oral Squamous cell carcinoma Yes

AC=adjuvant chemotherapy, CCRT =concurrent chemoradiotherapy, CT =chemotherapy, IMRT =intensity-modulated radiotherapy, MBD =months between diagnosis, NACT = neoadjuvant chemotherapy,

NPC =nasopharyngeal carcinoma, RT = radiotherapy.

region, and laboratory analyses were performed at each
assessment. Chest and abdominal CT and bone scan SPECT
were performed every 6 months.

SPTs were diagnosed according to the criteria of Warren and
Gates!"*! as follows: occurrence of a new cancer of a different
histology from the initial primary tumor, anatomical barrier or
lack of continuity between the SPT and the initial cancer, and/or
recurrence or metastasis of the initial primary tumor was ruled out.

2.4. Statistical analyses

All statistical analyses were performed using SPSS 22.0 software
(SPSS, Chicago, IL). Data are presented as means=standard
deviations. The Kaplan—-Meier method and log-rank test were
used to calculate cumulative incidences and intergroup differ-
ences in cumulative incidences, respectively. The Cox propor-
tional hazards regression model was used to confirm the risk
factors associated with IMRT-induced SPTs. All statistical tests
were 2-tailed, and a P-value of <0.05 was considered statistically
significant.

3. Results

3.1. Follow-up

At the end of the study, the follow-up rate was 98.3%, the median
follow-up duration was 3.8 years (range, 0.3-8.1 years), and the
mean follow-up duration was 4.1+1.5 years. Of the 527
patients, 12 (2.3%) developed SPTs (Table 2). Of these 12, 9 were
men and 3 were women (ratio, 3:1). The mean age of patients
with SPTs was 48.8 +4.7 years, and the median age was 50 years
(range, 15-79 years). The mean latency interval was 2.7+0.3
years, and the median latency interval was 2.7 years (range,
1.0-4.1 years). Six cases each occurred in-field and out-field. The
most common pathological SPT was squamous cell carcinoma (4
cases, 33.3%).

3.2. SPT locations and cumulative incidence rate

The 1-, 3-, and S-year cumulative SPT risk rates were 0.4%,
1.4%, and 3.1%, respectively, and the mean annual cumulative
incidence growth rate was approximately 0.6% (Fig. 1). The 1-,

3-, and S-year cumulative in-field SPT risk rates were 0.4%,
0.8%, and 1.5%, respectively, and the mean annual growth
cumulative incidence growth rate was approximately 0.3%
(Fig. 2).

Specific locations, incidence rates, and the cumulative 5-year
risk rate are shown in Table 3.

3.8. Univariate analysis of factors associated with 5-year
cumulative incidence of SPT development

None of the following factors was associated with the 5-year
cumulative incidence of SPT development: sex, age, stage,
chemotherapy, or duration of IMRT. Regarding sex, the 5-year
cumulative incidences of SPT were 3.3% and 2.8% for men and
women, respectively (P=0.89, Fig. 3). Patients were stratified
according to the age at diagnosis. The 5-year cumulative incidence
rates for those aged <40 and >40 years were 2.0% and 3.8%,

=
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Figure 1. Cumulative incidence of secondary primary tumors (SPTs).
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Table 3
Locations of secondary primary tumors (SPTs) in patients who 5 Sex
underwent intensity-modulated radiotherapy (IMRT). e

No. of Disease Cumulative e
Site SPTs incidence, % incidence of 5y, % 4
UADT 7 1.3% (7/527) 0.018 g
Head/neck 6 1.1% (6/527) 0.015 - e
Lung 3 0.6% (3/527) 0.009 & - .
Tongue 2 0.4% (2/527) 0.005 ® #
Neck 2 0.4% (2/527) 0.006 ‘®
Kidney 2 0.4% (2/527) 0.005 £ ]
Brain 1 0.2% (1/527) 0.002 'g
Oral 1 0.2% (1/527) 0.002 ;. [iE
Stomach 1 0.2% (1/527) 0.002

|-‘

No. =number, UADT = upper aerodigestive tract. _'—;J""
respectively (P=0.31). Furthermore, the S5-year cumulative "I L= P=0.886
incidence rates were 4.4% and 2.0% for those aged <44 and 0 20 0 50 80 100

>44 years, respectively (P=0.14, Fig. 4), and 2.7% and 4.3% for
those aged <50 and >50 years, respectively (P=0.53). Further age
subgrouping revealed 5-year cumulative incidence rates of 2.0%,
3.5%, and 4.3% for those aged <40, 41 to 50, and >50 years,
respectively (P=0.60). Regarding stage, the 5-year cumulative
incidence rates for stage I-Il and stage III-IVa/b disease were 0.8 %
and 4.1%, respectively (P=0.12, Fig. 5). The 5-year cumulative
incidence rates for tumor stage among T1-2 and T34 patients
were 3.2% and 3.1%, respectively (P=0.80). The S$-year
cumulative incidence rates for node stage among NO-1 and
N2-3 patients were 1.9% and 4.2%, respectively (P=0.10).
The S-year cumulative incidence rates of patients who did and
did not undergo CCT were 3.3% and 1.8%, respectively (P=
0.66, Fig. 6). The 5-year cumulative incidence rates for those who
did and did not undergo NACT were 1.4% and 3.5%,
respectively (P=0.35). The 5-year cumulative incidence rates
for the CRT and non-CRT groups were 3.3% and 2.7%,
respectively (P=0.96). The 5-year cumulative incidence rates for

1

Cumulative incidence(%)

T T T T T T
0 20 40 60 80 100

Time (months)

Figure 2. Cumulative incidence of secondary primary tumors (SPTs) within the
intensity-modulated radiotherapy (IMRT) field.

Time (months)

Figure 3. Cumulative incidence of secondary primary tumors (SPTs)
according to sex.

the AC and non-AC groups were 3.2% and 3.0%, respectively
(P=0.89). Finally, the 5-year cumulative incidence rates for
patients with an IMRT duration of <44 and >44 days were 2.9%
and 4.0%, respectively (P=0.97, Fig. 7).

3.4. Multivariate analysis of risk factor associated with
SPT development in NPC patients treated with IMRT

We performed a multivariate logistic regression analysis, in
which we initially introduced the following variables: sex, age,
clinical stage, chemotherapy, duration of IMRT, and smoking.
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Figure 4. Cumulative incidence of secondary primary tumors (SPTs)
according to age.
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Figure 5. Cumulative incidence of secondary primary tumors (SPTs)
according to clinical stage.

These variables were selected as from the univariate analysis or
because they were clinically relevant. We found that smoking
history (HR=2.525, 95% CI=1.324-4.824, P=0.015) was the
only independent prognostic factor associated with SPT.
However, the other factors, including sex (HR=1.375, 95%
CI=0.799-2.390, P=0.347), age (HR=1.844, 95% ClI=
0.803-3.363, P=0.174), clinical stage (HR=1.883, 95% CI=
0.914-3.480, P=0.086), chemotherapy (HR=1.128, 95% CI=
0.551-1.973, P=0.931), and duration of IMRT (HR=1.459,
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Figure 6. Cumulative incidence of secondary primary tumors (SPTs)
according to the concurrent chemotherapy (CCT) status.
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Figure 7. Cumulative incidence of secondary primary tumors (SPTs)
according to the duration of intensity-modulated radiotherapy (IMRT).

95% CI=0.518-2.593, P=0.052) were not significantly associ-
ated with the development of SPT (Table 4).

4. Discussion

Compared with conventional radiotherapy, IMRT, with multi-
field rotational radiation, can increase the exposure of normal
tissue or surrounding organs-at-risk to doses of radiation.!*®!
Radiation leakage from a multileaf collimator can increase the
exposure of normal tissue because of the increased size of the
radiation field, as well as the increased treatment duration, both
of which can result in unplanned irradiation or a bystander
effect.l'”18] Furthermore, the IMRT dark current is approxi-
mately 7-fold higher than that of conventional radiotherapy,
leading to further increases in the exposure of normal tissue to
low-dose irradiation that might induce lethal damage.*=2!!
Table 5 summarizes the results of the present study and those
of recent studies. The 5-year SPT incidence in the present study
was concordant with or lower than that of previous studies. Some
studies have demonstrated an SPT incidence rate of 3% to
3.3%!71 however, these data were obtained from a tumor

Cox proportional hazards analyses of risk factors associated with
SPT in NPC patients treated with IMRT.

Variables P HR 95% ClI

Sex (female vs male) 0.347 1.375 0.799-2.390
Age (>44 vs <44 y) 0.174 1.844 0.803-3.363
Clinical stage (lll-IVa—b vs I-l) 0.086 1.883 0.914-3.480
IMRT duration (yes vs no) 0.052 1.459 0.518-2.593
Chemotherapy (yes vs no) 0.931 1.128 0.551-1.973
Smoking (yes vs no) 0.015 2.525 1.324-4.824

95% Cl=95% confidence interval, HR=hazards ratio, IMRT =intensity-modulated radiotherapy,
NPC = nasopharyngeal carcinoma, SPT=secondary primary tumors.
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Table 5
Comparison of secondary primary tumor (SPT) characteristics from the present and recent studies.
Study Year Treatment period Treatment technology No. of patients No. of SPTs Disease incidence, % Follow-up
Sham et al® 1990 1976-1983 2D-RT 759 15 2.00 5.3 y (median)
Cooper et a” 1991 — 2D-RT — 121 410 55-15y
Teshima et all'® 1992 1977-1989 2D-RT 221 12 5.60 —
Teo et all'" 1999 1984-1989 2D-RT 903 19 2.20 5.75 y (median)
Wang et all'? 2000 1979-1993 2D-RT 1549 39 2.80 7.0 y (median)
Kong et al™® 2006 1994-1994 2D-RT 326 17 5.20 5.6 y (median)
Tsou et al® 2007 1995-2005 2D-RT 584 17 2.90 3.3 y (average)
Scelo et all” 2007 1943-1978 2D-RT 8947 291 3.30 4.3y (average)
2.3y (median)
Chen et al® 2008 1979-2003 2D-RT 23,639 712 3.00 5.38 y (average)
QOur series 2015 2007-2011 IMRT 527 12 2.30 4.1y (average)

3.8 y (median)

2D-RT=2-dimensional radiotherapy, IMRT =intensity-modulated radiotherapy.

registry in which the treatment characteristics were not clear.
Other studies have suggested an SPT incidence rate of 2.0% to
5.6%, but these values were based on data obtained after
conventional 2-dimensional radiotherapy (2D-RT).!**'3! Dis-
crepancies in the incidence rates might also arise because of
differences in follow-up durations. In the present study, the
follow-up duration was relatively short; however, the mean
follow-up duration was higher than that reported by Tsou et al,®!
and the median follow-up duration was higher than that of Scelo
et al.l”! Wang et al'*! reported a S-year incidence rate of 1.7%;
however, this rate increased to 2.8 % at the 7-year follow-up. This
suggests that as the follow-up duration increased, an upward
trend can be observed in the cumulative incidence of SPTs,
congruent with the results of the present study. This finding was
also concordant with the results of a study by Kong et al,"*! who
indicated an upward trend in the cumulative incidence rate with
an increasing follow-up duration after 2D-RT; in that study, the
mean annual growth rate was approximately 1%. Moreover,
previous studies have indicated that the incidence of SPTs
increased as the survival time increased.” Given these data, we
could speculate that at § years after IMRT, the incidence of SPTs
among patients with NPC would probably continue to increase,
given the findings of patients treated with conventional radiation
therapy.

In the present study, the most common site of SPTs was the
upper aerodigestive tract (UADT), in agreement with the results
of previous 2D-RT studies.!>”'%13! Some studies have suggested
that this location might indicate a “mucosa syndrome”* or
“feld cancerization.”'?*! In contrast, Kong et al™®! contradicted
this theory and stated that irradiation itself was the main factor
underlying the development of SPTs in the UADT, given the
differences in characteristics between primary tumors and SPTs.
Patients with undifferentiated and Epstein—Barr virus (EBV)
RNA-positive primary tumors usually develop EBV-negative,
differentiated SPTs. In agreement with Kong et al,!**! we suggest
that radiotherapy is likely the main cause of SPTs in the UADT of
patients with NPC because, in the present study, the pathologies
of SPTs in the UADT differed from those of the primary NPC
tumors.

The present study showed that lung cancer was the most
common SPT among patients with NPC who underwent IMRT.
These findings are similar to those of Tsou et al.l However,
Kong et al"*! reported a much higher incidence of lung SPTs and
proportion of these tumors among all SPTs; in addition, although
the proportion of lung SPTs was higher in a study by Chen et al,*!

the incidence was similar to that of the present study. Lung SPTs
can be attributed to be multiple causes, including radiotherapy
and smoking.”* In the present study, smoking history, but not
sex, age, clinical stage, chemotherapy, and overall IMRT
duration is the independent risk factor associated with SPT,
which result is consist with former study. Although it has been
confirmed by many studies that cigarette smoking is a causative
factor for developing SPTs in head and neck cancer (oral cavity,
pharynx, and larynx).”*! And, Teo et al""! defined the risk of
tongue and other aerodigestive tract cancers developing after
primary 2D-RT for NPC and observed smoking history of who
subsequently developed tongue cancer were significantly different
from the novo tongue cancer patient population. The study on the
risk of SPTs following a primary NPC treated with IMRT is rare.
The present study have further confirmed that a history of
cigarette smoking increased the incidence of SPTs by 2.5-fold in
NPC treated with IMRT. With regard to cigarette smoking is
relatively prevalent in males of China, the positive tobacco
control may be beneficial for reduction of SPTs following a
primary NPC treated with IMRT.

The potential contributions of imaging modalities, especially
during long-term follow-up, to the development of SPTs should
also be considered. In UK patients aged >735 years, Gonzalez and
Darby!?®! indicated that the camulative incidence of SPTs caused
by diagnostic radiography irradiation was approximately 0.6 %,
accounting for 700 patients per year. Furthermore, in 45-year-old
patients, Brenner and Elliston'*”! demonstrated that a single full-
body CT examination would lead to an estimated lifetime
attributable cancer mortality risk increase of approximately
0.08%; in addition, if annual scans were conducted for a further
30 years, the accrued estimated lifetime attributable risk of cancer
mortality would increase by approximately 1.9%.

Theoretically, IMRT has advantages over conventional
radiotherapy with respect to reducing both the high-dose region
of the tongue and the risk of oral mucositis. Teo et al''! indicated
that 7 of 903 patients with NPC who underwent radical
conventional radiotherapy developed tongue cancer, mostly at
the tongue root or the junction between the tongue and tongue
root, where the estimated radiation dose was significantly higher
than that of the cancer-free tongue. Sun et al.*® indicated that 68
of 55,620 patients with NPC who underwent conventional
radiotherapy developed tongue cancer, mostly at the edge and
back of the tongue, and these tumors were considered to be
related to radiotherapy-induced oral mucositis. However, in the
present study, the incidence of tongue cancer was relatively high,
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suggesting that IMRT might not yield the expected advantages.
Whether this discrepancy is related to an increased irradiation
volume of the tongue will require confirmation in further studies.

In patients with NPC who underwent 2D-RT, Kong et al!'’!
identified age (>50 years) as an independent risk factor for
developing a SPT. Chen et al®! suggested that patients younger
than 40 years had an increased incidence and risk of SPT
development. Other studies have suggested that an increased
duration of irradiation, low-dose irradiation, and large area of
irradiation might accelerate cancer development.”'! Further
studies involving larger sample sizes and longer follow-up
durations are needed to identify the factors associated with the
SPT risk. In cancers other than NPC, chemotherapy has been
shown to increase the SPT risk. Although there are no data that
specifically delineate the role of chemotherapy in an increased
SPT risk among patients with NPC, it is reasonable to suppose
that chemotherapy could increase the SPT risk.[>>27731]

Our study had some limitations. Although 527 patients were
included in this study, only 12 developed posttreatment SPTs in
the irradiation field. The above-described time effect on
irradiation-induced SPTs suggests that a longer-term follow-up
of more is needed and would better support the study results.

5. Conclusions

In conclusion, studies have demonstrated a close relationship
between SPTs and irradiation in patients with NPC, although
data regarding the incidence of SPT after IMRT is less well
studied. Our present study reveals that the 5-year SPT incidence
among patients with NPC after IMRT was concordant with or
lower than that reported in previous 2D-RT studies. Among
patients with NPC who underwent IMRT, the UADT was the
most common SPT site, and lung cancer was the most common
pathology. Smoking history, but not sex, age, clinical stage,
chemotherapy, and overall IMRT duration is the independent
risk factor associated with SPT. Additional large-scale studies
with longer-term follow-ups are needed to determine risk factors
associated with SPT development after IMRT.
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