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Abstract

Radiotherapy is one of the modalities of treatment of malignancies. 
Radiation-induced malignancies (RIMs) are late complications of ra-
diotherapy, seen among the survivors of both adult and pediatric can-
cers. Mutagenesis of normal tissues is the likely basis for RIMs. Till 
date, RIM cannot be differentiated from primary cancers. We present 
a series of five patients who were treated at our institute between 2002 
and 2016 and were subsequently diagnosed with RIM. Out of five pa-
tients, there were two cases of sarcomas, two of carcinomas and one 
neuroendocrine carcinoma of tongue (rare entity). Separate treatment 
guidelines are not available for RIM, so the treatment given was same 
as primary malignancies.

Keywords: Radiation-induced malignancies; Sarcomas; Neuroendo-
crine carcinoma

Introduction

Radiation is increasingly being used as a diagnostic tool 
for various diseases and as a treatment modality of various 
cancerous and non-cancerous conditions. Radiation-induced 
malignancies (RIMs) are one of the rare but serious poten-
tial side effects of radiation. Radiation-induced mutation of 
normal tissues is one of the proposed mechanisms but exact 
pathogenesis is still unknown. It can be rightly considered a 
“two-edged sword” as treatment by radiation is itself causing 
cancer.

We report five cases of RIM treated and analyzed for out-
come at our institute.

Case Reports

Case 1

A 65-year-old male presented in January 2002 with lump in 
right breast for 2 months. He was diagnosed with carcinoma 
breast, was operated and received six cycles of adjuvant chem-
otherapy with cyclophosphamide, adriamycin, 5-flurouracil 
(CAF) and external beam radiotherapy (50 Gy in 25 fractions) 
to chest wall, axilla, supraclavicular and internal mammary 
portals by cobalt 60. Patient was asymptomatic during follow-
up. In June 2016, patient presented with complaints of diffi-
culty in swallowing solid and semisolid food. Upper gastroin-
testinal endoscopy showed an ulcerative growth with luminal 
narrowing at a distance of about 22 cm from incisor. Biopsy 
was done and histopathological examination (HPE) revealed 
moderately differentiated squamous cell carcinoma (MDSCC) 
(Fig. 1a). Whole body positron emission tomography-con-
trast-enhanced computed tomography (PET-CECT) revealed 
fluorodeoxyglucose (FDG) avid mass lesion in esophagus, 
about 3.5 cm in craniocaudal dimension (Fig. 1b). According 
to the age and Karnofsky performance score (KPS) 50, patient 
was planned for palliative radiotherapy to esophagus, but the 
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Figure 1. (a) Moderately differentiated squamous cell carcinoma. (b) 
PET-CECT showing FDG avid mass lesion in esophagus at level of 
D2-D4. 
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patient expired before receiving treatment.

Case 2

A 45-year-old premenopausal female presented in the outpa-
tient department with complaints of on and off bleeding per 
vaginum (PV) and foul smelling discharge since 1 month (Au-
gust 2003). On local examination, there was a cervical growth 
with right-sided parametrial involvement. Biopsy from cervi-
cal growth showed MDSCC and a final diagnosis of carcinoma 
cervix, FIGO stage IIB was made. Patient was treated with 
concurrent chemotherapy with cisplatin and radiotherapy to 
whole pelvis to a dose of 50 Gy in 25 fractions by four-field 
box technique followed by high-dose-rate (HDR) intracavitary 
radiotherapy (ICRT) 7 Gy in 3 fractions after taking proper 
consent. On response assessment, patient was in complete re-
mission and remained so during follow-up for 12 years.

After 12 years, in August 2015, patient complained of dull 
aching pain abdomen in suprapubic region. Magnetic reso-
nance imaging (MRI) of abdomen revealed a large heterog-
enous mass lesion with solid cystic areas completely replacing 
the uterine parenchyma (Fig. 2a).

Case was discussed in multidisciplinary clinic and total 
abdominal hysterectomy + bilateral salpingo oophorectomy 
(TAH + BSO) with bilateral pelvic lymphadenectomy was 
performed after proper metastatic workup. Histopathology 
examination of hysterectomy specimen showed presence of a 
large tumor (17 × 14 × 7 cm) in uterus on gross examination 
(Fig. 2b) with microscopic features of carcinosarcoma uterus 
(Fig. 2c, d) reaching up to the serosa and involving the inferior 
resected margin. As already full-dose radiotherapy was given 
for carcinoma cervix, re-irradiation was not possible. Consid-
ering poor prognosis of the tumor and propensity for distant 
metastasis, patient was advised adjuvant chemotherapy.

Patient is currently on adjuvant chemotherapy with ifosfa-
mide and paclitaxel, and has received three cycles and is tol-
erating well.

Case 3

A 46-year-old male presented in December 2009 with chief 
complains of pain and difficulty in swallowing since 2 months. 
Patient was a chronic smoker. On examination, there was 
an ulceroproliferative growth (UPG) involving the base of 

Figure 2. (a) MRI of abdomen shows uterine parenchyma is completely replaced by a large heterogenous mass lesion having 
solid and cystic areas, measuring 11 × 13.1 × 14.7 cm. (b) On gross examination of uterus specimen, a large tumor measuring 
17 × 14 × 7 cm was identified. (c) Histopathological examination is showing a cellular tumour consisting of oval to elongated and 
polygonal cells. The elongated cells are arranged in palisading and haphazard pattern. The polygonal cells at places are forming 
ill-defined trabecular and glandular patterns (× 40). (d) Immunohistochemistry (IHC) showing positivity for vimentin, myosin, CK 
and focally for EMA (× 40). 
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tongue. HPE revealed MDSCC. CECT showed heterogene-
ously enhancing mass involving base of tongue with bilateral 
cervical lymphadenopathy and tumor was accordingly staged 
T3N2CM0. Patient completed concurrent chemoradiation (66 
Gy in 33 fractions with cisplatin 40 mg/m2 weekly) in January 
2010 and remained in complete remission for about 6 years. In 
June 2016, he presented with complaint of dysphagia. Local 
examination showed a proliferative growth in the posterior 1/3 
of tongue. CECT from base of skull to thoracic inlet showed 
a 3 × 2 × 1 cm mass in right side base of tongue with involve-
ment of the floor of mouth (Fig. 3a). Biopsy from the lesion 
revealed neuroendocrine carcinoma (Fig. 3b, c). Metastatic 
workup showed liver metastasis. Patient has been planned for 
combination chemotherapy with 5-florouracil, dacarbazine 
and epirubicin.

Case 4

A 55-year-old male presented in June 2011, with history of 
ulcer in right buccal mucosa since 2 months. Patient was op-
erated and HPE revealed well-differentiated squamous cell 
carcinoma, buccal mucosa. Concurrent chemoradiation was 
given (66 Gy in 33 fractions with cisplatin 40 mg/m2 weekly) 
in August 2011 for postoperative microscopic residual dis-
ease. The disease free duration was 4 years. In February 2015, 
he developed ulcer over right buccal mucosa for which wide 
local excision was done in May 2015. HPE showed leiomyo-
sarcoma of right side buccal mucosa. Patient did not give con-
sent for re-irradiation and was not fit for adriamycin-based 
chemotherapy because of low ejection fraction of < 40%. Pa-
tient was wishful for homeopathic medicines and remained 
on follow-up. His last review in the department was in June 
2015.

Case 5

A 72-year-old male presented in March 2013 with chief com-

plains of difficulty in breathing, swallowing and foreign body 
sensation in throat since 2 months. On indirect laryngoscopy, 
there was UPG in the right side vallecula, epiglottis and right 
side pyriform sinus. Biopsy from the growth was taken which 
showed poorly differentiated squamous cell carcinoma (PD-
SCC). CECT neck showed an enhancing mass measuring 2.8 
× 2.5 × 1.6 cm in right side supraglottic larynx (Fig. 4a). Pa-
tient received concurrent chemoradiation (66 Gy in 33 frac-
tions with cisplatin 40 mg/m2 weekly) which was completed 
in May 2013 and remained in complete remission for about 3 
years. In June 2016, he presented with complains of swelling 
over left cheek since 2 months. On examination, there was a 4 
× 3 cm UPG involving left lower gingivobuccal sulcus (GBS) 
and adjacent buccal mucosa. HPE report showed PDSCC (Fig. 
4b). CECT report showed 3.1 × 2.6 × 2 cm enhancing mass in 
left lower GBS and extending up to skin with no evidence of 
previous malignancy (Fig. 4c). Patient denied salvage surgery 
and is being treated with re-irradiation (concurrent chemora-
diation).

Discussion

RIM was first defined by Cahan et al [1] in 1948. The modified 
Cahan’s criteria for diagnosis are: 1) An RIM must have arisen 
in an irradiated field. 2) A sufficient latent period, preferably 
longer than 4 years, must have elapsed between the initial ir-
radiation and the alleged induced malignancy. 3) The treated 
tumor must have been biopsied. The alleged induced tumor 
must have been biopsied. The two tumors must be of different 
histology. 4) The tissue in which the alleged induced tumor 
arose must have been normal (i.e., metabolically and geneti-
cally normal) prior to radiation exposure.

These criteria have a good reference value when a cancer 
is suspected to be secondary RIM.

Concept of RIM comes from survivors of the atom bomb 
attacks on Japan. The overall risk of fatal cancers in atom 
bomb survivors to be 8%/Gy was concluded by Hall and Wuu 
[2]. Till date, histology of RIM cannot be distinguished from 

Figure 3. (a) CECT neck showing mass of size 3 × 2 × 1 cm on right side base of tongue with floor of mouth involvement. (b) 
The tumour cells are arranged in small nests. The cells have round to oval hyperchromatic nuclei with scant cytoplasm. (c) IHC 
showing positivity for neuron specific enolase. 
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natural occurring tumor. Molecular forensics may have a role 
regarding its diagnosis in future [3].

Factors affecting RIM are as follows: 1) Dose and linear 
energy transfer (LET) - carcinoma and leukemias are com-
mon at low dose while sarcomas are predominantly seen aris-
ing in tissues or organ receiving high-dose radiation [2]. 2) 
Energy - RIM commonly seen with orthovoltage in compari-
son to megavoltage radiotherapy [4]. 3) Age - children are 
more prone to RIM in comparison to adults [5]. 4) Hereditary 
disposition like neurofibromatosis I (NF1), familial retino-
blastoma, tuberous sclerosis and various chemotherapeutic 
agents can increase the risk of cancer development after ra-
diation exposure [6, 7]. 5) Treatment modalities - RIMs are 
common in intensity-modulated radiation therapy (IMRT) 
in comparison to conventional mode of radiotherapy [2, 8]. 
Decrease in field size decreases the incidence of second ma-
lignancy [9].

Radiation-induced genomic injury is one of the proposed 
mechanisms for radiation-induced tumorigenesis in normal tis-
sues. The bystander effect is a phenomenon, in which untreat-
ed cells demonstrate abnormalities mimicking exposure, such 

as chromosomal instability after irradiation [10]. We presented 
five cases of RIM (summarized in Table 1). Minimum latent 
period in our case series was about 3 years while maximum 
was 14 years. All malignancies were in field of radiotherapy 
except one, which was PDSCC of right side lower GBS, which 
developed after treatment of supraglottic carcinoma. There 
were two cases of sarcomas, two of carcinomas and one neu-
roendocrine carcinoma of tongue (rare entity); three out of five 
cases are currently receiving treatment.

Conclusion

Radiotherapy is an important treatment modality in oncologi-
cal care. RIMs are considered as one of the most significant and 
life-threatening late complications of radiotherapy. Radiation 
has widespread use in diagnostic, therapeutic and commercial 
fields, thereby increasing the incidence. There are no current 
well-defined criteria to differentiate primary malignancy and 
RIM. Molecular forensics may be looked upon as a potential 
field for future studies on RIM including their pathogenesis 

Figure 4. (a) CECT of neck showing enhancing mass measuring in right side supraglottic larynx. (b) Poorly differentiated squa-
mous cell carcinoma. (c) CECT showing enhancing mass in left lower GBS and extending up to skin. 

Table 1.  Our Five Cases of Radiation-Induced Malignancies

Case Primary diagnosis Histology  
of primary Radiotherapy dose Chemotherapy  

agent
Latent period  
(years)

Site of 
RIM

Histology 
of RIM

Treatment 
of RIM

1 Carcinoma breast IDC 50 Gy in 25 fractions Six cycles of 
CAF regimen

14 E MDSCC Palliative RT

2 Carcinoma cervix MDSCC 50 Gy in 25 
fractions  f/b 7 Gy 
in 3 fractions

Cisplatin 13 U CS CT

3 Carcinoma BOT MDSCC 66 Gy in 33 fractions Cisplatin 7 BOT NEC CT
4 Carcinoma BM WDSCC 66 Gy in 33 fractions Cisplatin 4 BM L Surgery
5 Carcinoma supraglottis PDSCC 66 Gy in 33 fractions Cisplatin 3 GBS MDSCC CCRT

IDC: infiltrating ductal carcinoma; CAF: cyclophosphamide, adriamycin, 5-florouracil; E: esophagus; MDSCC: moderately differentiated squamous 
cell carcinoma; RT: radiotherapy; U: uterus; CS: carcinosarcoma; CT: chemotherapy; BOT: base of tongue; NEC: neuroendocrine carcinoma; BM: 
buccal mucosa; L: leiomyosarcoma; PDSCC: poorly differentiated squamous cell carcinoma; GBS: gingivobuccal sulcus; CCRT: concurrent chemo-
radiotherapy.
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and behavior.
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