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CANCER

Introduction
Radiation therapy (RT) is commonly
used in the treatment of cancer. Given the
increasing incidence of most malignan-
cies with advancing age,1 it is not sur-
prising that RT is often administered in
older adults. The purpose of this review
is to provide a general overview of RT in
aging patients. Particular attention is
devoted to the issue of RT-related toxici-
ties and methods for their reduction, par-
ticularly novel technologies and
treatment approaches. The published lit-
erature regarding RT in older adults is
also reviewed. 

Radiation Therapy
The first cancer patient was treated with
radiation in 1896, within months of
Roentgen’s discovery of x-rays.2 Today
RT is used to treat tumours arising from
virtually every organ system. While fre-
quently used as definitive treatment, RT
is also used as adjuvant therapy in 
combination with surgery and/or
chemotherapy. It also offers a means of
palliating symptoms when cure is no
longer possible. It is estimated that
50–60% of all cancer patients will receive
RT at some time during the course of
their disease.3

The therapeutic benefit of RT derives
from the induction of DNA damage and
cellular death in tissues exposed to ion-
izing radiation.4 Treatment is common-
ly administered in the form of
high-energy photons and electrons,
delivered using a linear accelerator
(external beam RT). Treatment typically
requires four to seven weeks of daily
therapy. At select centres, heavy particle

beams (e.g., protons, neutrons) are
used.5–6 Alternatively, RT can be deliv-
ered using radioactive sources
(brachytherapy) placed within a cavity
(intracavitary) or within the tumour itself
(interstitial). Brachytherapy may be
delivered over several minutes (high-
dose-rate, or HDR) or several days (low-
dose-rate, or LDR). 

General Issues and Concerns
Although RT is highly effective, multiple
studies have noted that aged cancer
patients are less likely to receive RT than
younger patients.7–9 This is due in part to
the fact that older cancer patients are less
likely to undergo any treatment, irre-
spective of their disease extent.10–11 Other
contributing factors include misappre-
hensions about radiation toxicity, myths
and biases about its use in older adults,
and barriers arising from social or cogni-
tive issues. 

Toxicity
RT is often thought to be poorly toler-
ated or too toxic for older adults. 
However, as is discussed below, the pre-
ponderance of published data do not
support the view that toxicity is more
frequent or severe in older patients. The
decision to give (or withhold) RT should
instead be based on the health and per-
formance status of the patient.9–11 Stud-
ies specifically comparing outcomes
across age groups have generally shown
equivalent outcomes following RT for
young and old patients when equivalent
treatment is given.12–14 Older adults
have also been noted to be able to com-
plete treatment as often as younger
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patients,15–19 even combined modality
protocols.20–21 

Myths and Biases
Myths regarding the use of RT in older
adults are additional barriers. These
patients and/or their providers may
consider RT a “treatment of last resort”
or believe that once cancer is diag-
nosed, it is “too late.”22 However, RT
frequently offers the only curative
approach when surgery is not possi-
ble.22 Older patients are often consid-
ered to be less compliant with RT, when

quite the opposite is true.22 Tumours 
in aged patients are also sometimes 
considered less aggressive, when 
in fact data suggest that they 
can present with more aggressive 
disease.23–25

Social Considerations
Multiple social factors provide further
barriers to RT. Older adults who drive
are four times more likely to undergo
RT than those who depend on others
for transportation.9 Unfortunately, one-
third of cancer patients over 65 (and
two-thirds over 85) are dependent on
others for transportation.26 Moreover,
patients who live alone (namely, a
quarter of older cancer patients) are less
likely to undergo RT.26 Admission to a
long-term care facility to facilitate daily
transportation for RT may be particu-
larly helpful for older patients who are
otherwise unable to obtain transporta-
tion to and from the clinic.

Cognitive and Functional Status
Impaired functional and cognitive sta-
tus have been shown to be major factors
predicting failure to receive RT in older
adults.9 While clearly a prolonged treat-
ment course would be inappropriate in

a patient with severely compromised
cognitive or functional status, mild-to-
moderate impairments should not be
considered a contraindication. Patients
with minor cognitive deficits such as
memory loss may benefit from writing
down or repeating instructions.27 Help-
ing patients anticipate potential seque-
lae, and encouraging them to discuss
their concerns and feelings openly, are
important quality-of-life aspects of
treating aging cancer patients as well.27

Published Studies 
In this section, published studies focus-
ing on the older patient in a number of
tumours sites treated with RT are pre-
sented. In addition to the sites discussed
below, RT may be used to treat a num-
ber of tumours and conditions preva-
lent in older adults, including skin
cancer, macular degeneration, hetero-
topic ossification, and in-stent resteno-
sis in patients with coronary artery
disease. 

Breast Cancer
Older breast cancer patients are less
likely to undergo surgery and more
likely to receive RT alone.28 When sur-
gery is performed, however, they are
less likely than younger women to
receive adjuvant RT,29 despite its proven
benefits.30–32 In a review of 128 stage I-
II patients, Kantorowitz et al. found that
adjuvant RT was delivered in 82% of
women age <60 versus 40% of those
>60.33 The percentage receiving RT ages
60–70, <70, and >80 were 45%, 36%, and
24%, respectively. Withholding RT
increased the risk of tumour recurrence,
with recurrence in 46%, 38% and 20% of
patients age 60–70, >70, and >80 years,
respectively. Corresponding rates were
0%, 6%, and 0% in patients treated with
adjuvant RT.

Most investigators have not
observed worse toxicity18,34 or cosme-
sis35–36 in older breast cancer patients
treated with RT. However, some have
reported worse cosmesis37 and shoulder
mobility.38 Interestingly, the risk of
brachial plexopathy may decrease with
increasing age.39

Figure 1 A. Gamma Knife Unit. Courtesy of Elekta Corporation, Stockholm, Sweden.

Figure 1B. Head ring used for stereotactic radio-
surgery. During treatment, the ring is secured to
the treatment couch to minimize patient move-
ment. Courtesy of John M. Buatti, M.D., Univer-
sity of Iowa, Iowa City, IA.



Genitourinary Tumours
Multiple investigators have noted no cor-
relation between advanced age and rec-
tal or bladder sequelae in irradiated
prostate cancer patients.40–42 Liu et al.
found that maximal symptoms may
develop earlier in older men, but the
severity and frequency are similar, except
for mild urinary dysfunction.43 Results of
treatment and quality of life studies are,
however, generally similar for older and
younger men,44 supporting the use of RT
in the older prostate cancer patients.45

Aggressive combined modality
approaches have been shown to be well
tolerated in appropriately selected aged
bladder cancer patients.20–21,46–47 In med-
ically inoperable or locally advanced
patients, favourable results have been
reported in those older patients treated
with chemoradiotherapy alone.47–48

Lung Cancer
Schild et al. evaluated outcomes in 246
locally advanced non-small-cell lung can-
cer (NSCLC) patients undergoing aggres-
sive chemoradiotherapy.49 While toxicity
(predominantly hematologic) was more
common in patients age >70, survival
rates were equivalent, supporting the use
of aggressive approaches in appropriate-
ly selected older patients. Others have
noted that RT alone50–51 or combined with
weekly taxotere52 is well-tolerated in older
patients. Radiation pneumonitis is not
more likely in older adults, but when it
does occur, it may be more severe.53–54

Poor surgical candidates with early stage
disease may be safely irradiated with cur-
ative intent.55

Gastrointestinal Cancers
Two investigators have found that RT is
well tolerated and effective in older
esophageal cancer patients.56–57 In rectal
cancer patients, most studies do not show
a correlation between age and frequency
or severity of toxicity, including long-term
function.58–59 Despite this, and improved
outcomes associated with adjuvant 5-flu-
orouracil and RT,60–61 increasing age is
associated with decreased utilization of
adjuvant combined modality therapies for
stage II–III rectal cancer.62

Central Nervous System
Excellent control and low adverse seque-
lae rates following RT have been report-
ed in multiple series, comprised
predominantly of aged patients.63–64 In
glioblastoma multiforme (GBM), out-
come is worse in older patients, particu-
larly those with a poor performance
status,65 supporting the use of support-
ive care alone. Increasing attention is
focused on short-course RT regimens in
older GBM patients.66 However,
improved outcomes have been reported
in older patients with a good perform-
ance status following aggressive com-
bined treatment.67 Though most sequelae
rates are similar, older patients may show
slower cognitive improvement following
cranial RT.68

Head and Neck Tumours
In a review of oropharyngeal cancer
patients, Chin et al. noted that although
aging patients are able to tolerate RT
with outcomes similar to younger
patients, older patients are often pre-
scribed and receive lower doses, regard-
less of their disease extent.16 Pignon and
coworkers examined a cohort of 1,307
patients with head and neck cancer,
including 408 patients over age 65. No
differences were observed across age
groups in survival, acute mucosal 
reactions, or weight loss, suggesting 
that age per se should not be 
considered in the therapeutic decision 
process.69 Others have reached similar 
conclusions.17,70

Gynecologic Malignancies
Studies of irradiated cervical cancer
patients have generally shown equiva-
lent likelihood of survival, pelvic 
recurrence, and toxicity across age
groups.71–77 The higher prevalence of
comorbidities in older cervical cancer
patients tends to explain differences in
tolerance of RT, and equivalent treat-
ments lead to equivalent outcomes irre-
spective of age alone.76 Of note,
investigators who have reported high-
er complication rates have treated 
with unconventional fractionation
schemes.78

Some79 but not all80 studies have
suggested that aged endometrial cancer
patients undergoing RT have worse out-
comes compared to younger women.
Age has been associated with an
increased risk of RT-related sequelae.81 Of
note, older endometrial cancer patients
have more adverse pathologic fea-
tures25,79 and are at risk for pelvic recur-
rence following surgery alone.25

Adjuvant RT lowers this risk25 and is
indicated in older patients with adverse
pathologic features. Medically inopera-
ble patients can receive definitive RT; in
these women, disease-free survival
appears to be comparable in older and
younger patients.82

Other Malignancies
Age has been associated with worse
prognosis in Hodgkin’s disease 
following RT in some83 but not all84

studies. However, older patients able to
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Figure 2A. Anterior-posterior radiograph of the
pelvis in a patient treated with LDR permanent
prostate brachytherapy, illustrating seeds within
the prostate gland. Courtesy of Douglas A. Kelly,
M.D., Cancer Treatment Centers of America, Tulsa,
OK.

Figure 2B. High-dose-rate prostate brachytherapy.
Needles are inserted transperineally under ultra-
sound guidance and after-loaded with HDR Ir192.
Courtesy of Douglas A. Kelly, M.D., Cancer Treat-
ment Centers of America, Tulsa, OK.
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tolerate definitive RT have relatively high
survival rates.83 Connors et al. studied 78
non-Hodgkin’s lymphoma patients
(median age, 64 years) and concluded
that RT was highly successful with
acceptable toxicity.85 A study of 20 older
African patients with Kaposi’s sarcoma
showed that RT was associated with
excellent symptomatic relief with 
minimal side effects.86

Special RT Procedures
Stereotactic Radiosurgery
Stereotactic Radiosurgery (SRS) is a
specialized external beam technique
whereby a large, single dose of radia-
tion is delivered to a small, intracranial
volume with high precision. Treatment
is administered with either a dedicat-
ed Cobalt-60 unit (Gamma Knife, Elek-
ta Corporation, Stockholm, Sweden)
(Figure 1A) or a modified linear 

accelerator. Multiple beams (or arcs)
conform the dose to the target
lesion(s); rapid-dose falloff results in
sparing of surrounding normal tissues.
Immobilization is ensured with the aid
of surgical pins in the patient’s skull 
or with a relocatable head frame 
(Figure 1B). 

SRS is an appealing approach in
older adults as it provides a less invasive
alternative to surgery. Excellent control
rates with low toxicity have been report-
ed in many brain tumours undergoing
SRS.87–89 SRS also provides an effective,
low risk, non-invasive means of treating
metastatic lesions in patients with lung,
breast, and other malignancies, with con-
trol rates in most series exceeding
85%.90–92 SRS may be used alone or as a
“boost” in conjunction with whole brain
RT.93 Recent interest has focused on its
use in extracranial sites, including the
lung94 and spine.95

Prostate Brachytherapy
Prostate brachytherapy is a form of
interstitial brachytherapy that involves
the placement of radioactive “seeds”
(I125 or Pd103) within the prostate
gland. Seeds with a short half-life can be
placed permanently, delivering 
treatment as they decay. Prostate
brachytherapy is an important treat-
ment modality in the older adults, for it
provides an alternative to both surgery
and external beam RT. Reported control
rates have been comparable to both sur-
gery and external beam RT in early
stage patients, with low rates of toxici-
ty96–98 apart from transient acute blad-
der symptoms.99

In the past, prostate brachytherapy
was an invasive procedure with seeds
placed under direct vision at the time of
pelvic lymphadenectomy. Results were
disappointing, however, due to inade-
quate coverage of the prostate. Today,
seeds are placed using a transperineal
approach under transrectal ultrasound
guidance, ensuring accurate positioning
and improved dose coverage (Figure
2A). Some centres perform prostate
brachytherapy using HDR techniques
(Figure 2B).100 

Figure 3A. MammoSite Radiation Therapy System. Courtesy of Proxima Therapeutics, Alpharetta, GA.

Figure 3B. An illustration of the MammoSite device within a lumpectomy cavity in a patient under-
going breast conservation. Courtesy of Proxima Therapeutics, Alpharetta, GA.



MammoSite®
MammoSite® (Proxima Therapeutics,
Alpharetta, GA) is an intracavitary
brachytherapy approach whereby treat-
ment is delivered to the lumpectomy 
cavity in women undergoing breast-con-
serving surgery (Figure 3A). At surgery,
a balloon catheter is placed within the
lumpectomy cavity. Once in place, the
balloon is inflated and a HDR Ir192
source is inserted, delivering treatment in
a few minutes, typically twice daily over
five days (Figure 3B). 

MammoSite® is an appealing
approach in the older breast cancer
patient since it avoids a protracted
course of external beam RT. Treatment
is also delivered directly to the lumpec-
tomy site, minimizing exposure of sur-
rounding normal tissues (and thus
potential sequelae). While initial pub-
lished reports have been promis-
ing,101–103 most include small numbers
with short follow-up times. Larger,
prospective trials are needed to assess
the full benefits and risks of this
approach, in particular the risk of
tumour recurrences elsewhere in the
breast. 

Intensity-Modulated Radiation 
Therapy 
Intensity-modulated RT (IMRT) is a
novel approach to the planning and

delivery of RT. Unlike conventional RT,
IMRT conforms the prescription dose to
the shape of the target tissues in three
dimensions, thereby reducing the vol-
ume of normal tissues exposed to high
doses. Using an “inverse” planning
process, modulated beams are designed
using sophisticated computerized opti-
mization software. When cast into the
patient, highly conformal dose distribu-
tions are achieved. 

Until recently, IMRT was performed
at only a few centres. With the prolifera-
tion of commercial systems, IMRT is now
widely available.104 Multiple investiga-
tors have demonstrated the benefit of
IMRT planning in nearly all tumour sites.
Outcome studies have been promising,
including in tumours common in older
adults, e.g., brain,105 prostate,106 head and
neck,107 and gynecologic108 tumours.
Example IMRT plans are shown in 
Figures 4 and 5.

IMRT has considerable potential in
older adults. Sparing of normal tissues
may reduce the risk and severity of RT-
related toxicities, improving patient qual-

ity of life. Highly conformal plans may
also allow the safe delivery of higher than
conventional doses, improving tumour
control.106 IMRT may also allow treat-
ment courses to be shortened without
increasing toxicity.109–110

Conclusion
RT is beneficial and generally well-toler-
ated in the aging. However, these
patients encounter particular barriers to
receiving RT in many clinical situations
when it is appropriate. Awareness of
these issues is an important aspect of car-
ing for the older cancer patient. Newer
therapeutic technologies may also pro-
vide a means to circumvent some of
these barriers and improve these
patients’ quality of life. 
Due to the number of references accompany-
ing this article, we were unable to publish
the complete reference list in print.
Please find the complete reference list online
at www.geriatricsandaging.ca 
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Figure 4. Axial computerized tomography slice illustrating an IMRT plan in a patient with prostate
cancer. Note that the high-dose isodose curves conform to the shape of the prostate, sparing the
rectum and reducing the risk of proctitis and rectal bleeding. Courtesy of Douglas A. Kelly, M.D.,
Cancer Treatment Centers of America, Tulsa, OK.

Figure 5. IMRT dose distribution superimposed
on an axial computerized tomography slice of a
patient with head and neck cancer. High-dose
isodose lines conform to the target tissues,
reducing dose to the bilateral parotid glands and
the risk of xerostomia. Courtesy of James
Mogavero, Long Island Jewish Medical Center,
New Hyde Park, NY.
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