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ABSTRACT

Most radiotherapy (RT) involves the use of high doses (.50Gy) to treat malignant disease. However, low to intermediate

doses (approximately 3–50Gy) can provide effective control of a number of benign conditions, ranging from

inflammatory/proliferative disorders (e.g. Dupuytren’s disease, heterotopic ossification, keloid scarring, pigmented

villonodular synovitis) to benign tumours (e.g. glomus tumours or juvenile nasopharyngeal angiofibromas). Current use in

UK RT departments is very variable. This review identifies those benign diseases for which RT provides good control of

symptoms with, for the most part, minimal side effects. However, exposure to radiation has the potential to cause

a radiation-induced cancer (RIC) many years after treatment. The evidence for the magnitude of this risk comes from

many disparate sources and is constrained by the small number of long-term studies in relevant clinical cohorts. This

review considers the types of evidence available, i.e. theoretical models, phantom studies, epidemiological studies, long-

term follow-up of cancer patients and those treated for benign disease, although many of the latter data pertain to

treatments that are no longer used. Informative studies are summarized and considered in relation to the potential for

development of a RIC in a range of key tissues (skin, brain etc.). Overall, the evidence suggests that the risks of cancer

following RT for benign disease for currently advised protocols are small, especially in older patients. However, the

balance of risk vs benefit needs to be considered in younger adults and especially if RT is being considered in adolescents

or children.

INTRODUCTION
In the past, low to intermediate dose radiotherapy (RT) has
been used to treat a range of benign diseases including
peptic ulcers, tinea capitis (ringworm) and excessive uter-
ine bleeding. RT for many of these indications has been
discontinued because of the availability of other treatments
and the associated small (subsequently identified) risk of
radiation-induced cancer (RIC), a contraindication that is
particularly pertinent for RT exposure of children and
adolescents. Currently, the use of RT for benign disease is
confined to a limited range of predominantly hyper-
proliferative and inflammatory benign diseases for which
there is good evidence for RT as a first or second line of
treatment (Table 1). However, in many RT centres within
the UK, it is rarely used;10 a situation that also pertains
across much of Europe and North America.27 By contrast,

RT departments in Germany have a long tradition of using
RT for benign indications and a significant proportion of
relevant publications come from this country.28–30

We have recently reviewed the evidence for the effective-
ness of RT for benign disease and provided, where ap-
propriate, recommended treatment protocols.10 It is hoped
that clinical oncologists will now reconsider the use of the
protocols for these specific conditions, although in many
cases, their use is predicated on referral from other con-
sultants (e.g. ophthalmologists, dermatologists etc.) who
are responsible for the initial diagnosis and management of
the benign diseases. The most important deterrent to the
use of RT for benign disease is the putative risk of RIC; the
following review discusses the available evidence that
informs identification of this risk following exposure to
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low to intermediate dose RT, in order to assist the clinician and
patient to make a balanced judgement as to the benefits and
risks of RT for a benign condition.

EVIDENCE THAT MAY INFORM THE RISK OF
RADIATION-INDUCED CANCER FROM EXPOSURE
TO INTERMEDIATE DOSE RADIOTHERAPY
The many sequelae of normal tissue exposure to high dose RT
during treatment of malignant tumours have been well docu-
mented and, indeed, they define the dose limits for RT exposure
of specific organs.31,32 In cancer survivors, an important con-
sequence of RT is the risk of a subsequent RIC. Although this
risk is small, for cancer patients, it is accepted because of the
greater threat from poor control of their presenting pathology.
For patients treated for benign disease with intermediate dose
RT (range approximately 3–50Gy; mean approximately 20Gy)
most normal tissue side effects are rare or minimal. However,
there is an acknowledged, if normally very small, risk of RIC
which may be important in a few situations. This requires that
a risk verses benefit evaluation be made to assess the likelihood
of the development of a RIC against the frequently observed
good control with RT for specific benign diseases which, if
untreated, may affect the quality of life but are unlikely to be life
threatening.

This poses a problem since the number of patients required to
detect a small increase in RIC incidence, occurring many years
after exposure to intermediate RT doses to a confined radiation
field, is large; yet, with a few exceptions, the number treated for
these specific indications is relatively small. Consequently, there
have been few closely comparable trials to assess this. Indeed,
owing to the long latency time (LT) required, most of the studies
discussed in this review relate to patients treated .25 years ago
when treatment planning was less accurate and consequently
more generous margins were often used. The equipment used
for delivering RT was also much less sophisticated, limiting the
more accurate targeting that is possible with current technology.
However, with the advent of modern techniques, it is unclear
how they will modify the risks of RIC. For example, intensity-
modulated RT often results in a greater volume of normal tissue
being exposed to a lower dose with a consequent potential for
increasing the risk of RIC, although this can be mitigated using
a variety of means.33

These studies must therefore be viewed with caution when ex-
trapolating to the risks of current treatment protocols. The risk
of RIC following RT for benign diseases has therefore been in-
formed using data from a range of methodologies (see next
section). Only a proportion are directly related to current RT
practice so that any risk assessments provided are based on
statistical probability and are subject to a number of important
variables; frequently, they require extrapolation from a different
scenario than that which pertains directly to RT for the specific
benign disease.

STUDIES PROVIDING INDIRECT EVIDENCE OF THE
EXCESS RISK OF RADIATION-INDUCED CANCERS
In order to predict future risk, it is necessary to use theoretical
models or phantom studies. The disadvantage of mathematicalT

a
b
le

1.
(C

o
n
ti
n
u
e
d
)

B
en
ig
n
di
se
as
e

P
at
ho

lo
gy

P
re
do

m
in
an
t
ag
e

gr
ou

ps
(y
ea
rs
)

A
pp

ro
xi
m
at
e

to
ta
l
do

se
(G

y)
a

A
t-
ri
sk

n
or
m
al

ti
ss
u
es

b
C
om

m
en
ts

St
u
dy

Ju
ve
n
ile

n
as
op

h
ar
yn
ge
al

an
gi
ofi

br
om

a

R
ar
e
be
n
ig
n

va
sc
ul
ar

tu
m
ou

r
M
ed
ia
n
14

35
–
45

A
dj
ac
en
t
h
ea
d
an
d
n
ec
k

st
ru
ct
u
re
s,
e.
g.

n
as
op

h
ar
yn
x,

or
op

h
ar
yn
x

Su
rg
er
y
is
tr
ea
tm

en
t
of

ch
oi
ce
.R

T
ef
fe
ct
iv
e
if
u
n
re
se
ct
ab
le
.
Su
rg
er
y

or
R
T
co
n
si
de
re
d
fo
r
re
cu
rr
en
ce

C
h
ak
ra
bo

rt
y

et
al
2
4

M
is
ce
lla
n
eo
us

H
id
ra
de
n
it
is

su
pp

u
ra
ti
va

C
h
ro
n
ic

in
fl
am

m
at
or
y/

in
fe
ct
iv
e

Yo
u
n
g
ad
u
lt

10
D
ep
en
ds

on
si
te

O
n
ly

to
be

co
n
si
de
re
d
in

re
fr
ac
to
ry

ca
se
s

Fr
on

lic
h
et

al
2
5

G
yn
ae
co
m
as
ti
a

B
re
as
t
ti
ss
u
e
hy
pe
rp
la
si
a

.
60

10
B
re
as
t
ti
ss
u
e,
sk
in
,
lu
n
gs

O
cc
u
rs

in
m
al
es

on
h
or
m
on

al
th
er
ap
y
fo
r
pr
os
ta
te

ca
n
ce
r

V
ia
n
i
et

al
2
6

R
T
,
ra
d
io
th

e
ra
p
y
;
S
R
S
,
st
e
re
o
ta
c
ti
c
ra
d
io
su

rg
e
ry
.

T
h
is

p
ro

v
id
e
s
a
su

m
m
a
ry

o
f
b
e
n
ig
n
d
is
e
a
se

s
fo

r
w
h
ic
h
in
te
rm

e
d
ia
te

d
o
se

R
T
h
a
s
u
ti
lit
y.

B
e
n
ig
n
d
is
e
a
se

s
th

a
t
a
re

n
o
lo
n
g
e
r
tr
e
a
te
d
w
it
h
R
T
a
re

n
o
t
in
c
lu
d
e
d
b
u
t
a
re

d
is
c
u
ss
e
d
e
ls
e
w
h
e
re

in
th

e
te
x
t.

a
T
h
e
to

ta
l
d
o
se

is
o
n
ly

in
d
ic
a
ti
v
e
a
n
d
c
a
n
v
a
ry

c
o
n
si
d
e
ra
b
ly

b
e
tw

e
e
n
c
e
n
tr
e
s
a
n
d
in

d
if
fe
re
n
t
c
o
u
n
tr
ie
s.

b
It

is
a
ss
u
m
e
d

th
a
t
sk

in
is

n
o
rm

a
lly

a
t
ri
sk

;
a
n
y
o
th

e
r
“a

t-
ri
sk

”
n
o
rm

a
l
ti
ss
u
e
s
a
re

in
d
ic
a
te
d
,
a
lt
h
o
u
g
h

th
e
se

c
a
n

v
a
ry

in
so

m
e
si
tu

a
ti
o
n
s.

F
o
r
d
e
ta
ile

d
d
is
c
u
ss
io
n

o
f
R
T

re
g
im

e
n
s,

ri
sk

s
o
f
R
T

a
n
d

c
o
m
p
a
ri
so

n
s
w
it
h
o
th

e
r
tr
e
a
tm

e
n
t
o
p
ti
o
n
s,

se
e
T
a
y
lo
r
e
t
a
l.1

0

BJR McKeown et al

4 of 17 birpublications.org/bjr Br J Radiol;88:20150405

http://birpublications.org/bjr


models is that they are based on a series of assumptions that are
subject to differing interpretation. For example, for many years,
it was thought that as the radiation dose increases above a poorly
defined threshold, the risk of a RIC decreased owing to the
effective sterilization of clonogens.34 However, it is now thought
that cells in the periphery of heavily irradiated tissue will pro-
liferate rapidly for a few months following radiation exposure
and that repopulation of the sterilized tissue will derive from
these “normal” cells. Importantly, these are likely to include
radiation-induced premalignant cells that have survived the
lower dose exposures of the peripheral radiation dose field.35,36

It is therefore proposed that, in some situations, this accelerated
proliferation of premalignant cells will approximately cancel out
the radiation-induced cell killing. This theory is consistent with
many studies which show an approximately linear increase in
risk of RIC with dose, although this may be modified depending
on the radiation type.37 For example, analysis of patients treated
with RT for Hodgkin lymphoma has shown an approximately
linear dose-dependent increase in cancers arising in the breast
and lung.38–42 This was confirmed for the risk of developing
lung cancer following RT for peptic ulcers, although there was
more variation from linearity for tumours arising at other
sites.43 Survivors of the atomic bomb in Japan also show an
approximately linear response for an excess risk of solid
tumours, although, as expected, this varies for different sites and
shows significant variation with gender, attained age and age at
exposure (see below).44 In some situations, a lower risk is found
with higher dose exposures. For example, children treated for
a range of cancers show a non-linear dose-dependent increase in
risk for subsequent development of thyroid cancer.45

Few relevant phantom studies have been described. However,
a useful recent study of both male and female anthropomorphic
phantoms has demonstrated the long-term risks of RIC in
patients treated with modern RT protocols for a range of benign
diseases (heterotopic ossification, arthritis of the shoulder or
knee joints, heel spurs and hidradenitis suppurativa).46 The risk
of RIC was calculated using the International Commission on
Radiological Protection recommendation of the average carci-
nogenic risk resulting from radiation exposure, which was es-
timated to be 10%/Sv for high dose and high-dose rate exposure
to ionizing radiation (IR).47 The authors discussed in some
detail the basis of the assumptions which indicated that when
using RT to treat these conditions, the effective dose range was
5–400mSv, providing a prediction of an increase in RICs of
0.5–40/1000 patients treated. They acknowledged that this is
a wide range, with age at exposure being a key risk modifier;
body size and the site of irradiation also influenced the risk.
Consequently, it was advised that careful body positioning and
shielding should be employed to optimize target volume cov-
erage and reduce the effective dose to normal tissues, in order to
minimize the risk of RIC.

Epidemiological studies of cohorts exposed to low or very low
doses of environmental, industrial or medical irradiation also
provide an indication of RIC risk. However, the dose range is
very much lower than that used for benign disease; in many
cohorts, exposure is to the whole body and frequently the dose
estimates are ill defined. By contrast, the numbers affected are

often large improving reliability of the estimates. The largest
group, which has been continuously monitored for more than
60 years, are the atomic bomb survivors in Japan; updates of the
Lifespan Study (LSS) have been regularly published. As men-
tioned above, these data confirmed that the incidence of most
solid tumours showed an approximately linear increase after
a LTof about 10 years.44,48 Not unsurprisingly, a big difference in
risk is found depending on the age at exposure, with a ten-fold
difference between children and adults. However, on current
evidence, in utero exposure has a somewhat lower risk in
comparison to the relatively high risk observed for individuals
exposed in infancy, although this finding will need further
follow-up.44,49 The incidence of RIC decreases from about
15%/Sv of uniform whole-body irradiation for children less
than 10 years to about 1%/Sv for adults exposed at more than
60 years.34,50

The data on haematological malignancies are more varied, and
the effects occur earlier. In a recent analysis of the leukaemia
risks in the LSS cohort, most leukaemias showed a non-linear
dose response (data excluded chronic lymphocytic leukaemia
and adult T-cell leukaemia since most evidence suggests they are
not induced by IR). The effects were very dependent on time
and age at exposure, with much of the evidence for non-linearity
associated with the risks of acute myeloid leukaemia. The study
confirmed previous analyses of a shorter LT than solid cancers
and a decline in the excess risks of leukaemia with attained age
or time since exposure; however, the excess leukaemia risks,
especially for acute myeloid leukaemia, are still apparent after
55 years of follow-up. Non-Hodgkin lymphoma among males,
although not in females, showed a weak link, and there was no
evidence of an excess risk for either Hodgkin lymphoma or
multiple myeloma.51

Patients exposed to high-dose RT for cancer also provide risk
estimates of RIC, albeit for differing protocols and at higher
doses (Table 2; also reviewed by Kumar50). A recent meta-
analysis of .640,000 patients identified from cancer registries in
the USA has shown that, within 15 years of high-dose RT, there
are 5 excess cancers/1000 individuals; these data were acquired
from 15 solid tumour types.80 In a further systematic review of
28 eligible studies, they identified 3434 patients who developed
second cancers in 11 different organs known to receive .5Gy.
The majority of the studies confirmed linear dose–response
curves even up to $60Gy; the main exception was thyroid
cancer, which showed a downturn .20Gy. They also confirmed
that the risk varied according to the tissue of origin of the
second cancer.81 Since the evidence mostly confirms an ap-
proximately linear risk of RIC, the data obtained from patients
with cancer treated with high doses can be used to give some
guidance as to the lesser risks of RIC after exposure to in-
termediate doses. However, treatment protocols/fractionation
regimens will often be different, so any extrapolation from high-
dose studies must be interpreted with caution.

Often several tissues, with different risks of developing RIC, are
exposed to radiation during RT. In a study of 104,760 females
treated with RT for cervical cancer, an increased risk for all
second cancers was found that was particularly evident at heavily
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irradiated sites (colon, rectum/anus, urinary bladder, ovary and
genital sites) as compared with females in the general pop-
ulation. This persisted beyond 40 years of follow-up and was
modified by age at treatment.82 In a large study of second ma-
lignancies following treatment for prostate cancer
.50,000 males receiving RT were compared with .70,000 who
underwent prostatectomy. Most second cancers occurred in
organs close to the treatment field, e.g. the bladder and rectum,
however, 30% were induced in the lung which would have only
received a scatter dose of about 0.6Gy. Overall, the risk for a RIC
was small but significant, with an increase in relative risk (RR)
for the RT vs surgery group of 6%, which was greater for males
surviving $5 years (15%) and .10 years (.34%).72

High-dose RT for cancer in childhood carries the greatest risk of
a subsequent RIC. Consequently, current childhood cancer
treatment protocols incorporate a specific aim to minimize the
risk of RIC, by avoiding RT whenever possible, or alternatively
minimizing dose. However, since some childhood cancers in-
volve an underlying germline mutation, this may also contribute
to the observed increase in the susceptibility to second
malignancies.62,83,84 The small size of paediatric patients further
increases risk, since scatter radiation will affect more tissues.33

STUDIES PROVIDING MORE DIRECT EVIDENCE OF
THE EXCESS RISK OF RADIATION-INDUCED
CANCERS FOR RADIOTHERAPY OF
BENIGN DISEASE
There are a very limited number of directly relevant studies that
report the risks of RIC in patients with benign disease treated
using modern techniques and equipment. To some extent, doses
and treatment protocols in historical cohorts are similar, but in
many situations, there are key differences, adding to the un-
certainty of risk estimates for current protocols. In addition,
many of the previous studies have limitations, e.g. there is
marked variance in estimates of the received dose, dose exposure
between individuals, age on irradiation and age at follow-up,
and often cohorts are small.

Benign diseases that may be treated with RT are very varied and
involve many disparate parts of the body, varying doses and
patients of all ages (Table 1). Currently, the majority of patients
with benign diseases, who might be considered for RT, are in the
older age groups although much of the evidence on the risks has
come from children irradiated in procedures no longer in use,
e.g. tinea capitis. Clearly, individual indications treated with RT
have very different normal tissue exposure profiles. For this
reason, the different tissue types are considered in relation to the
evidence available; this can then be used to consider the risks of
RT treatment for individual patients with specific benign dis-
eases. A selection of some of the more relevant studies that
inform as to this risk assessment are summarized in Table 2.

Skin cancer
Skin cancer is a potential risk for all patients receiving RT since
there is, of necessity, almost always a concomitant skin exposure;
when it occurs, there is a minimum LTof about 10 years. Several
studies show an increase in non-melanoma skin cancer (NMSC)
caused by occupational exposure to IR85 and during RT for

a range of benign indications, e.g. tinea capitis,52,53,86 acne and
other skin disorders.54,55 Other reports have failed to confirm
this. For example, individuals receiving RT for ankylosing
spondylitis showed no increase in mortality from skin cancer87

and females treated with RT for cervical cancer showed no in-
crease in risk of NMSC.88 Since NMSCs are rarely fatal, the
conflicting data may result from the use of skin cancer mortality
data as the identification criterion in a proportion of the studies.
In addition, most of the data supporting an increased incidence
of skin cancer following RT at low to intermediate doses relates
to individuals irradiated as children. One concerning statistic is
the increased incidence of NMSC in children treated with a wide
range of doses for a variety of cancers. A recent study from the
Childhood Cancer Survivor Study (CCSS) has shown that it
presages development of subsequent malignant neoplasms in
a small but significant number of patients, which may be asso-
ciated with their exposure to RT and/or linked to a genetic
predisposition.62 An approximate 2.5-fold increase in risk of
melanoma has also been found in this cohort, suggesting that
they should be subject to long-term surveillance.89

Studies of adults with benign conditions exposed to IR slightly
above background levels, such as patients with tuberculosis ex-
posed to multiple fluoroscopies (average 77) during treatment,
have shown no marked increase in skin cancer risk.71 One factor
known to increase the RIC risk is the extent of sun exposure to
the skin, suggesting synergism between the carcinogenic effects
of IR and ultraviolet radiation.90,91 The lifetime risk of de-
velopment of a radiation-induced basal cell carcinoma (BCC)
has been estimated to be approximately 0.006% based on
100 cm2 of skin treated to a mean dose of 3Gy.92 Another report
has suggested this risk to be #0.1% in a sun-exposed field and
an order of magnitude lower in skin not exposed to the sun.90 It
should be noted that all these figures are very much smaller than
the spontaneous lifetime risk which is .20%.92 Overall, the data
suggest there is a dose-dependent increase in the risk of NMSC.
Most of these are BCCs that can usually be treated successfully
(Table 2), although some studies suggest that BCCs resulting
from IR exposure are more aggressive and should ideally be
excised with wider margins.93 Long-term surveillance and
reporting of suspicious changes in irradiated skin is advised,
especially in individuals treated as children.

Brain cancer
The risk of tumours arising in the brain can be estimated from
a wide variety of sources. Cohorts exposed to low-dose RT have
shown that there is a linear, dose-dependent increase in the risk
of RIC in the brain which is inversely related to age.44,94,95

Meningiomas are the most frequently reported RIC following
exposure to intermediate- or high-dose RT.58,59 In a recent
meta-analysis of 66 studies of RT for a wide range of conditions
(mostly tumours), only 143 patients were found to have de-
veloped meningiomas attributable to the RT (median age when
receiving RT was 12 years). It was notable that this group pre-
sented with meningioma at a younger age (80% at less than
22 years) compared with spontaneous tumours which peak in
adults aged 50–70 years. In addition, atypical or malignant
meningiomas were more prevalent in the study cohort than is
usual in spontaneous meningioma cohorts. The median LT was
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19 years, and no explanation was found for the slightly shorter
LTs in males (18 years) vs females (24.7 years). The LTs also
varied with a number of other factors. For example, LTs were
shorter for patients presenting with leukaemia compared with
benign conditions (14.9 vs 32.1 years); although not proved, it
was suggested that this might have been influenced by the ad-
junct chemotherapy used for treating leukaemia. Patients re-
ceiving higher dose RT had intermediate LTs (20.2 and
18.5 years). Those receiving the lowest doses, e.g. for tinea capitis
had long LTs. Patients exposed to partial brain RT as compared
with craniospinal or cranial RT had longer LTs, confirming that
the larger the exposed volume, the greater the risk of earlier
development of a RIC.61 However, for children receiving RT to
the head, the risk of RIC is significantly higher than background,
especially when treated at age less than 5 years.57 In a cohort of
10,834 children treated with low-dose RT (mean 1.5Gy) for
tinea capitis, there were 73 neural tumours which gave an overall
RR of 6.9 for development of RIC of the brain. Tumours in areas
below the neck did not show an increased risk.56 A recent sys-
tematic review of 18 studies investigating the risk of RIC fol-
lowing RT for childhood cancer confirmed the enhanced risk for
this cohort.96

Intracranial stereotactic radiosurgery (SRS) is a form of
RT that exposes the brain to high radiation doses/fraction,
albeit to very small volumes. Most follow-up studies show no
increase in brain tumours (Jeremy Rowe, 2014, personal
communication).60,63,97 Six case reports have suggested a po-
tential link between SRS and risk of malignant transformation
of benign tumours; however, it is difficult to be certain that
cells with an increased malignancy were not already present.98

An earlier report has suggested that progression of benign
cerebral tumours may be related to the presence of malignant
foci on first presentation.99 These authors advise that, prior to
SRS, benign neoplasms should be evaluated for their pro-
liferative potential, either by biopsy or the use of metabolic
imaging to identify aggressive subtypes. However, this is not
always realistic or practical. Since SRS is a relatively new mo-
dality, the follow-up is predominantly less than 15 years,
therefore none of the completed studies can definitively prove
the safety of SRS over a lifetime, although for older patients,
the data show the risk is negligible. However, the data are still
being accrued; consequently, the potential risk of a RIC should
be considered when treating younger individuals with SRS for
benign disease in the head and neck area.

RT can be used for the treatment of a number of eye conditions
with good effect (Table 1). There is a recognized risk of
radiation-induced cataract.10,100–102 However, since cataracts are
treatable, it is not normally considered a major contraindication.
The radiation dose to the orbit and surrounding brain tissue
during RTof eye conditions is often in the order of 20Gy. Based
on a number of approximations, the risk of a RIC arising in the
brain as a result of the IR exposure has been estimated to be
approximately 0.2% above that expected.92 Overall, there is now
considerable evidence that, although there is a measurable in-
crease in brain tumours following an initial RT treatment, the
risk is very small although age dependent, a factor clearly of
importance when children and adolescents are being treated.

Thyroid cancer
Current RT protocols for treating benign disease rarely expose
the thyroid to significant doses of IR. However, previously,
a number of benign diseases were treated with RT that resulted
in significant exposure of the thyroid with increased levels of
thyroid cancer found for children treated for benign diseases
such as tinea capitis, cervical adenopathy or tonsillitis.64,65

Follow-up of these cohorts has led to identification of the life-
time risk of a RIC in the thyroid for children exposed before the
age of 10 years to be approximately 1%Gy21, although in very
young children this may be higher.64,92 A recent systematic re-
view of four studies meeting the selection criteria, showed
a significant increase in thyroid cancer in individuals
(n5 16,757) receiving RT for a wide range of primary childhood
cancers. In total, 187 RICs were identified; a linear dose response
was identified up to 10Gy which then plateaued to 30Gy, be-
yond this the risk reduced. This study also confirmed that the
excess RRGy21 increased significantly with decreasing age at
exposure (p, 0.01).45

Haematological malignancies
It is well recognized that there is a shorter LT for leukaemias
induced by RT. The risk is dose-dependent peaking about
15 years after exposure although it is still apparent for more than
25 years and is likely to be slightly elevated for life. These
findings have been confirmed in the treatment of a number of
benign diseases although none of these protocols has been used
for many years, e.g. ankylosing spondylitis,77,78 benign gynae-
cological disorders76,103 and peptic ulcers.43 Chronic myelocytic
leukaemia has the shortest LT compared with other leukaemias
(mean approximately 5 years),43,51,104 whereas there is little
evidence linking chronic lymphocytic leukaemia or adult T-cell
leukaemia to IR exposure.51 These authors also found a weak
link for non-Hodgkin lymphoma among males although not in
females, and no evidence of radiation-associated excess risks for
either Hodgkin lymphoma or multiple myeloma. From the LSS
data, an adult irradiated with 1Gy is calculated to have an in-
creased lifetime risk of approximately 1%. For RT at the in-
termediate doses used in benign disease and with the much
reduced bone marrow exposure, this will be much less. For
example, patients with ankylosing spondylitis exposed to a mean
bone marrow dose of 1Gy will have an increase in leukaemia
risk of approximately 0.2%.92

Soft-tissue and bone cancer
Sarcoma is known to occur following RT for a range of ma-
lignant and non-malignant diseases but only at very low fre-
quency (0.05%), and rarely if the dose is ,10Gy.73 In the LSS
cohort, five excess cases have been reported following exposure
to a mean total-body dose of 0.23 Gy. This equates to a lifetime
risk of osteosarcoma after exposure to low-dose IR of ,0.1%
for 1 Gy total-body dose.105 Correcting for a typical small RT
field of 100 cm2 would indicate an increased risk of sarcoma
after intermediate dose RT to be ,1 in 100,000.92 However, in
patients treated for inherited retinoblastoma, there is a signifi-
cant increase in the risk of developing a sarcoma within the
radiation field (approximately 6% over 18 years); this suggests
that individuals with a retinoblastoma gene defect have en-
hanced sensitivity to RT.106 In a recent report from the CCSS,
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an elevated risk of the development of a radiation-induced
sarcoma was found in children treated for childhood cancer
with a median LT of 11.8 years. The risk was further increased
by exposure to anthracyclines and was more likely if the initial
treatment was for Hodgkin lymphoma or a primary sarcoma.74

Data from a European study have confirmed this finding. In
a study of 4171 survivors of childhood cancer treated with RT,
an excess RR of secondary sarcoma has been calculated to be
1.77 Gy21.75

In a recent study of 34 patients (mean age 44 years) who were
treated with RT (8-Gy single dose) 1 day after surgical re-
construction for acetabular fractures, there was a much de-
creased incidence of subsequent heterotopic ossification of the
hip. This study showed that the risks from RT prophylaxis were
small and that RT was safer than indometacin and substantially
overlapped with the range for no prophylaxis.107 Clearly RT
offers a good control, although the risk of a RIC will be un-
known for many years; in these older patients, it is likely to be
very small.

Irradiation of the chest area
Previously, RT was used in females to treat benign disease of
the breast, e.g. for acute mastitis. Study of females (the majority
were between 20 and 40 years at the time of RT) showed that
this exposure increased the risk of a subsequent cancer.66,67 In
a recent review of three eligible studies, the evidence shows that
there is a linear increase in excess risk for breast tissue as for
other solid tumours,81 although in the earlier studies, there was
evidence of a flattening of the risk above approximately
5 Gy.66,67 The dose– response relationship was also found in
female infants whose chest area was exposed to low-dose RT
for haemangioma with those receiving .1 Gy being mainly
responsible for the increased risk.68 This underlines the ne-
cessity to keep as low as is possible the chest wall/breast dose
for young girls. A later analysis has shown that description of
the radiation risk was significantly improved when a model of
genomic instability was included at the earliest stages of car-
cinogenesis.108 In studies of females treated for Hodgkin
lymphoma, an approximately linear increase in risk was
identified, which was radiation dose and time related; a further
analysis showed that the risk was reduced by adjuvant
chemotherapy probably through initiation of early
menopause.39,40 A significantly increased risk of breast cancer
has been reported in females treated with mediastinal RT for
Hodgkin lymphoma in childhood.109 This increase was con-
firmed in a recent analysis of 1230 females treated for child-
hood cancer (CCSS cohort) which involved chest irradiation.
This showed that survivors treated with lower dose RT (me-
dian, 14 Gy; range, 2–20Gy) to a large volume (whole-lung
field) had a similarly high risk of breast cancer as survivors
treated with high doses (median, 40 Gy) to the mantle (ex-
tended) field. The cumulative incidence of breast cancer by age
50 years was 30% with a 35% incidence among Hodgkin
lymphoma survivors. Breast cancer associated mortality at 5
and 10 years was also substantial (12% and 19%, respectively).
This study has highlighted the importance of close monitoring
of this cohort and demonstrates that, where possible, the dose
to the chest wall/breast should be minimized.70

In a modeling study of the risk of RIC following intermediate
dose RT (20–35Gy) for mediastinal Hodgkin lymphoma,
a marked reduction in the risk of subsequent breast and lung
cancer was calculated when involved field RTwas compared with
mantle/extended field RT. This study demonstrated that care in
reducing the field size to a minimum, use of modern RT tech-
niques and dose reduction (where justified) will significantly
reduce the subsequent risk of a RIC.110 A cautious estimate of
the increased lifetime risk of breast cancer for a breast exposed
to 1Gy has been made for different age groups: approximately
5% (less than 35 years), ,3% (35–45 years), and much less, or
possibly zero (more than 45 years).92

As can been seen from Table 2, there is evidence that lung cancer
incidence shows a small, but quantifiable, increase following RT
to the chest area. The absolute risk of a RIC has been estimated to
be approximately 1% within 25 years of a 1-Gy exposure to the
lung.92 In a study of lung cancer in patients treated for Hodgkin
lymphoma, there was clear evidence of a dose-dependent increase
in risk up to at least 30Gy.38,69 This showed an additive increase
with adjuvant chemotherapy and a multiplicative effect of
smoking. The influence of smoking when analysing RIC in the
lung is difficult to analyse as its prevalence is wide spread and
notoriously difficult to quantify. This was also observed in a study
of individuals irradiated for peptic ulcers, a treatment which is no
longer in use.79 In a reanalysis of this cohort, there was confir-
mation of a statistically significant (p, 0.05) excess risk for all
cancers and lung cancer, with a borderline increase in risk for
stomach cancer (p5 0.07) and leukaemia (p5 0.06). For all tu-
mour types, age at exposure is inversely related to RR.43 Evidence
from the LSS cohort also confirms that smoking significantly
increases the excess risk of lung cancer.111

CONCLUSIONS
Assessing the risk of RT for benign disease has many challenges
as the evidence base is limited, and consequently, it has to be
assembled from a wide range of different sources that are rarely
directly comparable. Overall, for older adults treated with RT for
benign disease, especially located in peripheral tissues, the risk of
a RIC is very small and reduces further with increasing age. Skin
cancer is clearly a potential risk, but for most patients, this risk is
low and the tumour types arising are likely to be treatable
(predominantly BCC). Where possible, the volume of red bone
marrow exposed to radiation should be kept to a minimum to
minimize the slightly increased risk of leukaemia. The risk of
other solid tumours will also depend on the tissue within, or
close to, the radiation field and the volume exposed.

RT for non-malignant indications certainly has a place in
modern medicine, and there is considerable evidence for the
utility of low- to intermediate-dose RT for treating a range of
specific indications. RT at these doses is relatively easy to ad-
minister, has few symptomatic side effects and often provides
good long-term control and improved quality of life.10 The
current limited use of RT for treating benign disease can partly
be ascribed to anxiety over the subsequent presentation of a RIC.
However, many of the alternative treatments also have side
effects that need to be compared against the, often very small,
risk of RIC. This is especially relevant when considering older

Review article: Evaluation of cancer risk from intermediate dose radiation BJR

13 of 17 birpublications.org/bjr Br J Radiol;88:20150405

http://birpublications.org/bjr


age groups since their excess RR for RIC is likely to be small.
However, it cannot be completely ruled out, and clinicians
must weigh up carefully all of the risks and quality of life
issues. Where treatment is for benign disease of peripheral
tissues, the risk is smaller as there is less likelihood of scatter
radiation to critical organs. However, caution must be exer-
cised when considering RT for younger adults and, espe-
cially, children since they have enhanced radiosensitivity and

expected longevity. For children treated with intermediate- to
high-dose RT for childhood cancers, the risk of second and
subsequent cancers is clinically significant, an outcome that is
becoming more apparent as survival rates improve. Conse-
quently, although the doses required to treat benign disease are
generally lower than those used to treat cancer, caution is ad-
vised when considering RT for these conditions in children and
young adults.
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