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OBJECTIVE
The aim of this study is to investigate the incidence and clinicopathologic characteristics of second 
primary malignancies (SPMs) in pediatric and adolescent nasopharyngeal carcinoma (NPC) survivors 
from the point of patients’ age, emergence time, location and histopathology.

METHODS
Medical reports of pediatric NPC patients (patients at or under the age of 19) treated between 1990 and 
2017 and followed till the end 2020 were reviewed. SPMs are classified depending on the organ, histo-
pathology, location (whether in or out of the radiation field). Additionally time period between NPC 
treatment and diagnosis of second primaries are recorded.

RESULTS
The median age of the 108 patients at diagnosis was 15 years (5-19 years). The male-to-female ratio was 2.1. 
The median follow-up was 118 months (3-332 months). Eight patients developed 9 second malignancies 
(one patient with two SPMs). Eight of SPMs were in the radiation field. SPMs developed at a median of 
15 years (5-26 years) after the conclusion of the primary treatment. Among patients, whose malignancy 
developed in the irradiation field 6 were treated primarily with complete surgical resection and 3 of them 
died because of SPM.

CONCLUSION
Incidences of SPMs have been increasing in parallel with the increase in life expectancy of pediatric and 
adolescent NPC survivors. Due to relatively high numbers of SPMs, pediatric/adult nasopharyngeal cancer 
survivors should be followed regularly not only for recurrences and long term morbidities but also for sec-
ond malignancies which may be treated with curative surgeries and additional treatments when diagnosed 
early. The patient follow-up should continue and patients should be evaluated comprehensively, taking 
into account cancers outside the irradiation field. Since the most of the SPMs develops in the irradiation 
field, prospective clinical studies investigating dose reduction in the treatment of pediatric NPC should be 
considered and evaluated with further prospective trials.
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cases were biopsy-proven, previously untreated NPC 
patients treated with curative intent using induction 
chemotherapy followed by RT. One hundred and eight 
cases were identified and reviewed for the treatment 
details, outcomes, and incidence of second malignan-
cies. The patient assessments at diagnosis included 
physical and endoscopic examination, laboratory stud-
ies, and head-and-neck radiological examination per-
formed with magnetic resonance imaging (MRI) and/
or computed tomography (CT). Tumor staging at ini-
tial diagnosis included chest CT and bone scintigraphy 
until 2006, and thereafter, fluorodeoxyglucose positron 
emission tomography-CT (PET-CT) was performed. 
Tumors were staged according to the 7th edition of 
the American Joint Cancer Committee TNM staging 
system.[15] All statistical analyses were performed by 
SPSS 10.0 (SPSS Inc., Chicago, IL). The local ethics 
committee approved the study.

Treatment
The primary treatment was three courses of chemo-
therapy followed by RT. Patients diagnosed during 
1989-1991 were treated with cisplatin (80 mg/m2)-5-
fluorouracil (1000 mg/m2/d on days 1-4) combination, 
during 1992-2007 with cisplatin (100 mg/m2/day), 
epirubicin (90 mg/m2/day), and bleomycin (15 mg/m2/
day) combination and since 2008, cisplatin (100 mg/
m2/day) and epirubicin (90 mg/m2/day) combination 
were administered with 3-week intervals. RT was ad-
ministered without concurrent chemotherapy.

All patients received external beam RT. Before 2011, 
conventional RT with two-dimensional treatment plan-
ning was used. The primary tumor and upper neck area 
were treated with two parallel opposed lateral fields, the 
lower cervical and supraclavicular regions were treated 
by a single anterior field using a median shield to pro-
tect the larynx and the spinal cord, with doses of 50 Gy 
by Co60 or 4-6 MV linear accelerator. The spinal cord 
was shielded after 46 Gy and the posterior lymphatic 
chains were treated with electron beams. A total me-
dian dose of 66 Gy (range 60-70 Gy) was administered 
in daily fractions of 1.8-2 Gy, 5 days a week for all the 
primary tumor and involved lymph nodes. Uninvolved 
cervical and supraclavicular regions received 45-50 Gy 
in daily fractions of 1.8-2 Gy, 5 days a week. Since 2011, 
intensity-modulated RT (IMRT) was used. The gross 
tumor volume (GTV) included the whole extent of dis-
ease in the primary nasopharyngeal lesion and cervical 
lymph nodes observed on magnetic resonance and/
or CT images. Accordingly, the clinical target volume 
(CTV) included all GTV with safety margins covering 

Introduction

Survival rates of childhood/adolescent cancers have 
risen from 10% to almost 85% in the past 60 years with 
more efficient and less toxic treatment protocols.[1] Th-
ese high survival rates also mean a growing population 
of younger survivors who will live with treatment seque-
lae for a long time. Second and/or secondary malignan-
cies are among the upmost important long-term health 
problems encountered by cancer survivors.[2] Second 
primary malignancies (SPMs) are the primary mortality 
cause in the long term for individuals with two primary 
cancers.[3] Hence, prevention and early detection of 
SPM is critical for prolonging life for cancer survivors.

Pediatric/adolescent cancer survivors have an in-
creased risk of developing subsequent primary neo-
plasms, which is estimated to be 10 times higher than 
the general population and may occur due to the car-
cinogenic influences of radiotherapy (RT), chemother-
apeutic agents, environmental carcinogens, and genetic 
features.[4] Squamous cell carcinoma (SCC) histology 
is very rare among pediatric/adolescent head-and-neck 
tumors, and nearly all of them are nasopharyngeal car-
cinoma (NPC). NPC has a bimodal age distribution 
around the Mediterranean basin with the first peak be-
tween 10 and 20 years of age.[5] Childhood/adolescent 
undifferentiated NPC (type III) is generally associated 
with Epstein-Barr virus infection and is very sensitive 
to radiation.[5]

High-level clinical evidence for the management of 
pediatric and adolescent patient populations is lacking. 
Current patient evaluation and treatment protocols are 
mostly derived from adult head-and-neck SCC proto-
cols, which rely on the adult patient population’s clinical 
data.[6,7] Ultimately pediatric/adolescent NPC treat-
ment comprises induction chemotherapy and high-
-dose definitive RT combination. Because of critical 
structures in the vicinity and relatively high therapeutic 
doses, RT of NPC may increase the rate of late toxicities.

There are limited data on the incidence of SPMs 
among pediatric and young NPC survivors.[8-14] This 
study aimed to investigate the incidence and clinico-
pathologic characteristics of SPMs among survivors 
pediatric and adolescent NPC patients treated between 
1990 and 2017.

Materials and Methods

From the patient records, NPC patients at or under the 
age of 19 treated between 1990 and 2016 and followed 
until 2020 were retrospectively identified. The included 
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all potential subclinical disease sites; posterior nasal 
cavity, maxillary sinuses, clivus, basis cranii, inferior 
sphenoid sinus, pterygoid fossae, and retropharyngeal 
nodes with 0.5-1 cm margins. The main critical organs 
to be spared were the parotid glands, pituitary gland, 
cochlea, brain stem, spinal cord, larynx, eyes, lens, chi-
asma, optic nerves, and brachial plexus. Planning tar-
get volume was obtained by an additional 0.3-0.5 cm 
around CTVs.

Post-treatment imaging was performed by CT 
or MRI at 6-8 weeks and by PET-CT at 12 weeks af-
ter completion of the therapy. The periods for follow-
up examinations were once in 3 months for the first 
2 years after RT, every 4-6 months for the 3rd, 4th, and 
5th years, and annually thereafter. During follow-up, 
imaging surveillance by CT or MRI was held every 6 
months for the first 2 years and annually thereafter. 
PET-CT imaging was performed in case of clinical 
necessity. Histopathologic confirmation was obtained 
for diagnosis of second primary cancer. Locoregional 
MRI/CT and/or PET-CT were used for second primary 
cancer evaluation.

Results

At diagnosis, the median age of the 108 pediatric/ado-
lescent NPC patients was 15 years (5-18 years). The 
male-to-female ratio was 2.1 and 53 (49%) patients 
were younger than 14 years of age. The main histolog-
ical type was the World Health Organization (WHO) 
type III undifferentiated carcinoma. Eighty-six (79.6%) 
had WHO type III, 21 (19.4%) had WHO type II (non-
keratinized), and 1 (1%) had WHO type 1 (keratinized) 
carcinoma. Four (3.7% of patients had Stage II disease, 

the remaining 104 (96.3%) had Stages III and IV dis-
ease at presentation.

All patients were treated with cisplatin-based three 
courses of neoadjuvant chemotherapy by every 3 weeks 
interval followed by RT. Chemotherapy regimens used 
were cisplatin, 5-fluorouracil in 11 patients (90%) 
before 1992, cisplatin, epirubicin with or without 
bleomycin in 97 patients (90%) later-on. Eighty-one 
patients (75%) were treated with 2D-RT and 27 (25%) 
patients with IMRT. The median follow-up was 118 
months (3-332 months).

In 15 (14%) patients, the disease continued and/or 
relapsed at a median of 8 months (range, 2-23 months). 
The failure sites were distant in 10 cases, distant and 
regional in three cases, distant and local one case, and 
distant and local and regional in one case.

During follow-up 21 patients died, 15 of them 
died due to progressive disease, three from the second 
malignancy, and the rest three deaths were unrelated 
to malignancy.

Second Malignancies
In eight patients, nine SPMs developed (a patient had 
two SPMs). Excluding the SPM in the bladder, all were 
in the irradiation field (Table 1). In all the patients 
with SPM, SPM developed at a median of 15 years (5-
26 years) after the end of initial treatment. The mean 
duration between the first and second primary cancer 
diagnoses was 19 years for those at/or above 14 years of 
age and only 5 years for those under the age of 14.

The site of SPM in our patients showed a signif-
icant risk of the oral cavity and pharyngeal cancers, 
which made up three of nine SPMs. Three of the nine 
SPMs were sarcomas (one osteosarcoma, one fibrosar-

Table 1 Clinical characteristics in patients with second malignancies

Second malignancy Gender Age at diagnosis Treatment Duration of Outcome
  of NPC (years) schedule at occurrence of second
   first diagnosis malignancy (years)

Osteosarcoma of the mandible M 12 CT, RT (70 Gy) 5 DwD (4 years)  
PNET in bladder M 11 CT, RT (66 Gy) 5 DwD (2 years)
Thyroid papillary Ca F 13 CT, RT (66 Gy) 12 NED (5 years)
Tonsil, base of tongue carcinoma M 15 CT, RT (66 Gy) 20 DwD (1 year)
Hypopharynx carcinoma M 17 CT, RT (70 Gy) 14 NED (6 years)
Nasal cavity carcinoma M 17 CT, RT (70 Gy) 12 NED (15 years)
Fibrosarcoma carcinoma locally M 17 CT, RT (70 Gy) 18 NED (8 years)
  17  25 NED (3 years)
Esophagus proximal carcinoma M 14 CT, RT (68 Gy) 26 DwD (1 year)

NPC: Nasopharyngeal carcinoma; PNET: Primitive neuroectodermal tumor; DwD: Died with disease; NED: Alive with no evidence of disease; RT: Radiotherapy; M: 
Male; F: Female; Ca: Carcinoma; CT: Chemotherapy
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developed SPM 6 years after treatment. The second one 
was 17 years old at the diagnosis and developed SPM 8 
years after the treatment. The Denmark study reported 
two patients with SPMs; a 14-year-old patient devel-
oped a SPM at 7 years and a 16-year-old patient devel-
oped a SPM at 19 years after the initial treatment.[8] A 
population-based adult NPC study from Taiwan esti-
mated the cumulative risks of second primaries; 5, 10, 
15, and 20 years after NPC diagnosis as 1.89%, 3.26%, 
4.23%, and 5.37%, respectively.[17] We observed that 
the time interval with index tumor treatment and the 
development of SPM was longer in the relatively older 
pediatric NPC survivors.

Population-based studies on adult patients have 
shown that the SPM incidence was higher for patients 
diagnosed before 40 years of age than later age.[16-18] 
Most reports on SPMs in pediatric/adolescent NPC 
survivors did not compare age groups with each other.
[9,10,12,13] Even after an evaluation with former stud-
ies,[8,11] our data are not sufficient to conclude that 
younger pediatric NPC patients have more risk for de-
veloping subsequent SPM than older pediatric/adoles-
cent NPC patients conclusively.

Radiation-induced tumors are the most serious late 
complications in NPC survivors and the incidence rate 
in adult patients was reported to be between 0.1% and 
5.6%.[17-19,23] Multiple epidemiological studies have 
confirmed the importance of age at radiation exposure. 
The younger are more susceptible to radiation than the 
older.[24,25] Reports on RT-induced tumors point out 
a large range of histological subtypes.[8-11,13,14]

The population-based studies in adult NPC sur-
vivors have revealed excess head-and-neck SPMs within 
the radiation field. The most common SPMs in this re-
gion are sarcomas, oral-oropharyngeal carcinomas, and 
non-melanoma skin cancers.[16-18,26] The data on 
pediatric/adolescent patients have come from single-
center reports or pooled data with adult patients from a 
high incidence area. Single-center reports from various 
countries about the site and type of SPM in pediatric/
adolescent NPC are SCC of the oral cavity in two pa-
tients (Jouin et al.),[11] non-melanoma skin carcinoma 
in two patients (Schmidt et al.),[8] and osteosarcoma, fi-
brosarcoma, testicular high-grade sarcoma, and chronic 
myeloid lymphoma in four patients (Ben-Ami et al.).[9]

Our patients showed a significant risk of the oral 
cavity and pharyngeal cancers, which made up three 
of nine SPMs. Three of the nine SPMs were sarcomas 
(one osteosarcoma, one fibrosarcoma, and one high-
grade sarcoma). Overall, eight of the nine SPMs were 
in the radiation field.

coma, and one high-grade sarcoma of the temporal 
fossa) and five of the nine SPMs were carcinomas. 
The patient with a SPM in his bladder was diagnosed 
with primitive neuroectodermal tumor (PNET), he 
received chemotherapy and RT, however, he died be-
cause of the progression of the second SPM. The other 
seven patients, whose second malignancies developed 
in the irradiation field, underwent curative surgeries; 
four are alive with no evidence of disease (NED) for 
a median of 7 years (3-15 years), one, who was with 
NED for 4 years, died from sepsis after reconstructive 
surgery of the mandible. Three of the patients died 
from progressive SPMs.

Discussion

This report is one of the largest data on SPMs in pedi-
atric/adolescent NPC survivors. We identified 8 (7.4%) 
patients with SPMs among 108 NPC patients. In adult 
patients, there have been population-based studies 
about the risk of SPM after NPC treatment in differ-
ent countries,[16-19] but in pediatric and adolescence 
NPC patients, SPM has been described in the long-
term morbidities of childhood/adolescent carcinoma 
treatment by the centers’ experience.[8-14,20,21]

Among pediatric head-and-neck cancer patients, 
the male gender was more prevalent in most stud-
ies, accounting for approximately 60% of the primary 
cases[22] with similar to NPC patients in different cen-
ters.[9-12] The female gender was more predominant 
among primary thyroid carcinoma patients.[22] In our 
study, the male-to-female ratio in all pediatric/adoles-
cent NPC patients was 2.1:1 while it was higher in SPM 
patients (7:1).

Adult female NPC survivors had a higher risk of 
SPM than adult males in every interval[16,17] although 
most studies on young NPC patients did not report a 
difference in incidence regarding sex.[9,10,12,13] In 
the report of Jouin et al.,[11] two female patients; in 
Schmidt et al.[8] reported one female and one male pa-
tient; and in Cağlar et al.[14] reported one male patient 
with NPC developed a second malignancy. No definite 
conclusion can be drawn for a gender predominance 
on SPMs in pediatric and adolescent NPC survivors 
since no appropriate study groups exist.

The mean duration after the conclusion of the pri-
mary treatment to the diagnosis of SPM was 5 years 
for the younger patients (younger than age of 14) and 
19 years for the older (14-18 years of age) patients. 
Jouin et al.[11] reported two cases of SPM among 95 
patients. The first one was 13 years old at diagnosis and 
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