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The molecular profile of radiation-induced cancers remains poorly understood. This case report describes
a 59-year-old male never smoker with a distant history of Hodgkin's lymphoma treated with mantle
radiation who decades later develops primary lung adenocarcinoma within the prior radiation portal.
Genomic profiling of the cancer demonstrated a KRAS G12V mutation. We briefly review the clinical
entity of radiation-induced second malignancies and KRAS mutant lung adenocarcinoma. Although to
date there is no standard molecularly targeted therapy available for KRAS mutant lung cancer, prior
reports of activating EGFR mutations in a proportion of radiation-induced lung cancers suggest that a
variety of genomic alterations may occur in these secondary malignancies. Given the potential to identify
other molecularly defined subsets of lung cancer for which specific therapies exist, routine molecular
profiling of these cases seems reasonable.

& 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Radiation-induced secondary cancers represent a major clinical
concern. Given the prolonged interval between treatment and
cancer development, risks are most apparent among individuals
cured from their initial cancer. Hodgkin's lymphoma is the para-
digm of this clinical scenario. Hodgkin's survivors treated with
thoracic radiation face a lung cancer relative risk of 2.6–7.0 com-
pared to the general population [1]. Risk is particularly heightened
for individuals treated prior to the widespread use of involved-
field radiotherapy, which has substantially reduced the likelihood
of secondary malignancies. In some models, the use of involved-
field in contrast to extended-field (mantle field) radiation therapy
may reduce excess relative risk of lung cancer by more than 50%
[2]. Radiation-induced secondary cancers have been noted as early
as 1–4 years after treatment, and the excess risk from radiation is
thought to last up to 20–25 years [3].

Relatively little is known about the molecular phenotype of
radiation-induced lung cancers. In a recent report of seven lung
adenocarcinomas attributed to prior radiation therapy in Hodg-
kin's survivors for which mutational analyses were performed,
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two cases had EGFR mutations [4]. In an earlier series of 19 sec-
ondary primary lung cancer cases after Hodgkin's radiation ther-
apy, TP53 mutations were identified in 11 (58%) and KRAS muta-
tions were detected in two (11%) [5]. The identified KRAS muta-
tions (G12C and G13D) occurred in current or former smokers.
Herein we report a case of radiation-induced lung cancer in a
never smoker harboring a characteristically smoking-associated
KRAS G12V mutation. The identification of such a case highlights
the potential of radiation therapy to induce a variety of molecular
alterations and the importance of evaluating radiation-induced
lung cancers for driver mutations.
2. Case report

A 59 year-old Caucasian male never smoker presented with cough
and dyspnea. He had a history of Hodgkin's lymphoma in his 20s
treated with chemotherapy and mantle radiation, and a subsequent
history of abdominal non-Hodgkin's lymphoma in his 40 s treated
with combination chemotherapy and abdominal radiation therapy.
Chest computed tomography demonstrated regions of subpleural
consolidation with well-demarcated lateral borders in all three lobes
of the right lung (Fig. 1), consistent with a prior radiation port.
Bronchoscopic biopsy of the mass demonstrated mucinous adeno-
carcinoma (Fig. 2). Tumor genomic analysis revealed a KRAS G12V
mutation (Fig. 3) but no EGFR mutation or ALK rearrangement.
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Fig. 1. Axial (a) and coronal (b) computed tomography images demonstrate regions
of subpleural consolidation with well-demarcated lateral borders in all three lobes
of the right lung, consistent with distribution of a prior radiation port.

Fig. 2. Biopsy of the right lower lobe of the lung demonstrates papillary adeno-
carcinoma. Mucin is present in the cytoplasm as well as in surrounding space.
Hematoxylin and eosin, 400� .
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The patient completed chemoradiation with 6 cycles of weekly
carboplatin–paclitaxel concurrent with thoracic radiation, fol-
lowed by two cycles of consolidation carboplatin–paclitaxel.
Treatment was complicated by radiation esophagitis and pneu-
monitis, neutropenic fever, and peripheral neuropathy. Imaging
performed six, nine, and 12 months after completing treatment
demonstrated ongoing good response to treatment with no evi-
dence of disease progression.
3. Discussion

To our knowledge, this is the first reported case of a radiation-
induced lung cancer harboring a KRAS G12V mutation. Along with
prior reports of activating EGFR mutations, other KRAS mutations,
and P53 mutations in radiation-induced lung cancer [4,5], this
finding suggests that a variety of genomic alterations may be
identified in these secondary malignancies.

KRAS mutant lung adenocarcinoma remains a major unmet
clinical need. This subset comprises up to 25% of lung adeno-
carcinoma cases, predicts resistance to existing molecularly tar-
geted therapies, and currently lacks clinically available direct in-
hibitors. KRAS mutations are strongly associated with smoking but
are also encountered in approximately 5% of lifetime never smo-
kers with lung cancer [6]. In lung cancer, almost 90% of KRAS
mutations occur at codon 12. Among codon 12 mutations, ap-
proximately 80% are guanine-to-thymidine (G4T) (purine for
pyrimidine) nucleotide transversions (including the G12V muta-
tion seen in this case). Transversions are considered the char-
acteristic mutation related to tobacco smoke exposure. KRAS mu-
tations in lung tumors from never smokers are typically G4A
(purine to purine) transitions [6].

Despite the widespread recognition of radiation-induced lung
cancers, to date relatively few studies have examined the mole-
cular phenotype of such cases. In the largest series to date we
identified, incidence of KRAS and TP53 mutations, allelic loss, and
microsatellite alterations occurred at similar rates to spontaneous
lung cancer cases [5]. All analyzed cases had developed in smo-
kers. Although no firm conclusions can be drawn from a single
case, the present report is notable for a number of reasons. First, to
our knowledge, radiation-induced KRAS G12V mutations have not
been previously described. Second, the unusual development of a
characteristically smoking-associated mutation in a never smoker
raises the possibility that the spectrum of molecular alterations in
radiation-induced lung malignancies may differ in ways from that
seen in non-radiation-related cases. Third, the interval between
radiation therapy and development of lung cancer in this case of a
never-smoker (at least 30 years) exceeds that of all cases (range
2.3–24.6 years) reported in the earlier series of smokers [5]. This
observation may suggest that, in addition to increasing the risk of
radiation-induced lung cancers substantially [7,8], smoking may
also have an effect on the time-course of these events.

The KRAS mutant lung adenocarcinoma described in this case
meets the longstanding, general criteria that have been suggested
to render a diagnosis of radiation-induced second malignancy [9–
11]: (1) a history of prior radiation; (2) new cancer arising within
previously irradiated field; (3) second cancer histologically differ-
ent from the first; (4) a relatively long latent period between the
two cancers. Clinical and treatment factors that have been asso-
ciated with heightened risk of radiation-induced cancers include
large fraction dose, large field size, lower age, DNA repair me-
chanism defects (e.g., ataxia telangiectasia heterozygotes), active
smoking at the time of treatment, and administration of con-
comitant chemotherapy [12–14].

Proposed mechanisms of radiation-induced secondary malig-
nancies center around the concept of radiation-induced genomic
instability and include direct DNA damage, intracellular signaling,
cytokine production, and free-radical generation [15]. In an animal
model of radiation-induced lung tumors, KRAS codon 12 mutations
were identified as rare and late events [16].

Although there are no published randomized studies compar-
ing outcomes for treatment-induced lung cancers and for spon-
taneous tumors, the existing indirect evidence suggests that these
cases may have particularly poor outcomes. In a single-center
series of 14 patients with inoperable disease, median survival was



Fig. 3. KRAS G12V mutation. Mass spectrometry analysis shows two PCR product peaks, with masses corresponding to a wild type “G” and mutant “T” nucleotide at position
35 (c.35G4T).
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3 months [17]. In another report that did not include breakdown of
tumor stage, median survival was 1 year for 22 patients [14].
4. Conclusion

Recognizing the limitations of a case report, this case suggests
that delayed radiation effects may be associated with G4T nu-
cleotide transversions, resulting in KRAS G12V mutant lung ade-
nocarcinoma. Although to date there is no standard molecularly
targeted therapy available for KRAS mutant lung cancer, prior re-
ports of activating EGFR mutations in a substantial proportion of
radiation-induced lung cancers suggest that a variety of genomic
alterations may occur in these secondary malignancies. Given the
potential to identify other molecularly defined subsets of lung
cancer for which specific therapies exist (including EGFR and po-
tentially others), routine molecular profiling of these cases seems
reasonable. This information may be particularly valuable in cases
of radiation-induced lung cancer, as these cases may have inferior
outcomes compared to de-novo malignancies.
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