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ARTICLE INFO ABSTRACT

Keywords: Introduction: There is an increasing incidence of cancer in older people, but limited data on radiotherapy uptake,
Geriatric oncology and in particular, radiotherapy utilisation (RTU) rates. The RTU rate for older adults with cancer may be lower
Radiotherapy

than recommended due to lower tolerance for radiotherapy as well as additional comorbidities, reduced life
expectancy and travel for treatment. Radiotherapy use must be aligned with best available, age-specific evidence
to ensure older adults with cancer receive optimal benefit without harms.

Materials and methods: A systematic review was conducted to synthesise the published data on the actual RTU
rate for patients with cancer as a function of age.

MEDLINE and EMBASE were systematically searched to identify relevant population-based and hospital-based
cohort studies on radiotherapy utilisation for all age groups, published in English, from 1 January 1990 to 1
July 2020. We focused on the following common cancers in older adults for which radiotherapy is recommended:
breast, prostate, lung, rectal cancer, glioblastoma multiforme (GBM), and cervical cancer. Age-specific radio-
therapy utilisation data were extracted and analysed as a narrative synthesis.

Results: From 2606 studies screened, 75 cohort and population-based studies were identified with age-specific
radiotherapy utilisation data. The total number of patients in the 75 studies was 4,792,138. The RTU rate
decreased with increasing age for all tumour sites analysed, except for patients receiving curative radiotherapy as
definitive treatment for prostate or cervical cancer. This reduction with increasing age was demonstrated in both
palliative and curative settings.

Discussion: There is a global reduction in radiotherapy utilisation with increasing age for most tumour sites. The
reduction in delivery of radiotherapy warrants further examination and evidence-based guidelines specific to this
population.

cancer

1. Introduction Data on radiotherapy utilisation in the geriatric oncology setting is

limited. Previous research by our group analysed population-based

There is an increasing incidence of cancer in older adults. Using
GLOBOCAN estimates, Pilleron et al. have predicted that in 2050, there
will be 6.9 million new cancers diagnosed in patients aged 80 years and
above [1]. This is in comparison to 2.3 million new cancers diagnosed in
the same age group in 2018. [1]. Radiotherapy is an important treat-
ment modality for this cohort of patients.
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cancer registry and radiotherapy data and demonstrated a marked
reduction in radiotherapy utilisation in patients aged 80+ years. Only
14% of patients in this cohort received radiotherapy within twelve
months of their cancer diagnosis compared to 28% of patients <80 years
of age [2].

Older adults with cancer are often excluded from randomised
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controlled trials that are then used to make decisions about them [3,4].
They are likely to have more comorbidities and more limited life ex-
pectancy, thus making the recommendation for radiotherapy more
clinically complex [5]. There are limited age-specific evidence-based
guidelines on radiotherapy for older adults with cancer [5-8]. In addi-
tion, for cancer sites where surgery is an alternative treatment modality,
older adults with cancer may be preferentially treated with radiotherapy
because of concerns regarding their tolerance of surgery (e.g., prostate
cancer, cervical cancer, and early lung cancer). This study aimed to
synthesise published data on the radiotherapy utilisation rate for cancer
patients as a function of age.

2. Material and methods
2.1. Eligibility criteria

This systematic review was registered with PROSPERO (University of
York; CRD42020184030) and conducted according to the PRISMA
guidelines (Fig. 1). Eligibility criteria were population- or hospital-based
cancer cohort studies, radiotherapy utilisation data by age group, full
text available, English language and publication 1 January 1990-1 July
2020. All age groups were included. Ethics approval was obtained from
the NSW cancer Institute Human Research Ethics Committee.

2.2. Information sources and search strategy
MEDLINE and EMBASE were searched in addition to reference lists of

included studies. The full search strategy may be viewed in the
Supplement.

4662 studies imported from
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l

2606 studies screened
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Fig. 1. PRISMA and Search strategy.
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2.3. Study selection and data collection

Articles were exported to Endnote X9.3.3 (Clarivate Analytics), du-
plicates were removed, and then were exported to Covidence software
(2021). Screening, full text eligibility and article selection was per-
formed by two independent reviewers (PM, LM). Conflicts were resolved
by discussion with a third reviewer (MA) as required. Data extracted
included tumour site, age-specific radiotherapy utilisation (RTU) rate,
calendar year(s), data source(s), country, number of patients, and study
design.

The modified Newcastle Ottawa Scoring system was used to assess
the quality of the studies and determine risk of bias [9,10].

Due to differing age categories across studies, a narrative synthesis
was performed. We present findings for the most common malignancies
(breast, rectal, lung, prostate, multiple sites, glioblastoma multiforme,
and cervical cancer). Definitive radiotherapy is curative intent radio-
therapy used as sole modality treatment (i.e., without surgery). Adju-
vant radiotherapy is defined as radiotherapy after surgery.

3. Results

Seventy-five full text articles were included that reported age-
specific RTU rate data (see Table 1, supplementary appendix).

3.1. Study characteristics

Study sample size varied, with population-based studies generally
larger than hospital-based studies. The range for the population-based
studies was 562 to 398,074 patients and the range for the hospital-
based studies was 235 to 9863. Many different countries were repre-
sented including the USA, Canada, Australia, New Zealand, Scotland,
Italy, the Netherlands, Switzerland, Sweden, and Norway. Radiotherapy
utilisation was variably defined, and follow-up periods were tumour site
dependent. Different age categories were used when reporting age-
specific RTUs. Therefore, a pragmatic decision was made to synthesise
the data for <60 years, 60-69 years, 70-79 years, and 80+ years, where
possible.

The distribution of articles by tumour site was breast (n = 27),
prostate (n = 14), lung (n = 7), rectal (n = 7), multiple tumour sites (n =
7), Glioblastoma Multiforme (n = 8) and cervical cancer (n = 5). Select
representative studies are described below.

All studies received a Modified Newcastle Ottawa quality score of >
6 and thus were included in the analysis (see Table 2, Data Quality Table,
supplementary appendix).

3.2. Statistics
Due to study heterogeneity, a meta-analysis was not possible.

3.2.1. Breast cancer

The RTU rate decreased with increasing age across all studies and in
all jurisdictions (supplementary appendix and Fig. 2a-f). The largest study
including patients of all ages was published by Showalter et al. [11] This
US study analysed Surveillance, Epidemiology, and End Results program
(SEER) data from 194,860 patients with stage I breast cancer from 1998
to 2007. The RTU rate for all age groups in this study was 79.5% [11].
The RTU rate was >75% for all age groups except those aged 80+ years,
where it was 52% (p < 0.01) [11].

3.2.2. Lung cancer

Compared to patients with breast cancer, there are fewer data on
radiotherapy utilisation for older adults with lung cancer. The identified
studies demonstrated a reduction in RTU rate with increasing age
(Fig. 2b). However, for patients with stage I non-small cell lung cancer
(NSCLQ), the RTU rate increased with increasing age, possibly reflecting
the use of radiotherapy as a substitute for surgery.
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Fig. 2. Radiotherapy Utilisation vs Age.

In a New Zealand population-based cohort study of NSCLC of all
stages, Stevens et al. demonstrated a reduction in RTU rate from 58% in
patients aged <60 years to 20% in patients aged 80+ years [12].

In a Dutch study of the introduction of stereotactic radiotherapy in
patients aged 75+ years with stage I NSCLC, Palma et al. reported an
increase in RTU rate over three different time periods (1999-2001,
2002-2004, 2005-2007) [13]. The RTU rate increased from 26% to 32%
to 42% across the three different eras [13]. There was also a 12%
reduction in ‘no treatment’ (i.e., no radiotherapy or surgery) from 38%
to 26% over these time periods [13].

3.2.3. Prostate cancer

The relationship between RTU rate and age was different in the
curative versus the adjuvant setting for men with prostate cancer.
Curative radiotherapy is often used as an alternative to surgery in older
and frailer patients with prostate cancer, and we observed the curative
RTU rate to increase with increasing age. Fig. 2c demonstrates the
overall RTU (definitive and adjuvant) for patients with prostate cancer.
This shows an increase in RTU rate with increasing age until age 75-79
years.

Chen et al., in their 2004-2013 SEER database study of 398,074
patients with localised prostate cancer, demonstrated an increase in
curative radiotherapy with increasing age until age 80. The RTU
increased from 35.8% (70-74 years) to 41.0% (75-79 years) and then
decreased to 26.9% (80+ years) [14].

In the adjuvant setting, the RTU rate decreased with increasing age in
all studies. Kalbasi et al. assessed 130,681 patients from the 2004-2011
US National Cancer Database with non-metastatic prostate cancer
following surgery. The RTU rate was 8.9% for patients aged 65-79 years
and 5.5% in patients aged 79+ years [15].

3.2.4. Rectal cancer

The RTU rate for patients with rectal cancer decreased with
increasing age for all studies (Fig. 2d). The largest study of rectal cancer
patients was by Olsson et al. [16] This population-based cohort study
analysed 16,713 patients registered in the Swedish Rectal Cancer

Registry from 1995 to 2005. The RTU rate decreased from 63.8% (< 65
years) to 49.6% (66-79 years)to 14.6% for the oldest age group (80+
years) [16].

3.2.5. Glioblastoma multiforme

The RTU rate decreased with increasing age in all studies (Fig. Ze).
Gulati et al., in their Norwegian Cancer Registry study, analysed 2890
patients from 1998 to 2008 [17]. The RTU rate for patients aged 75 +
years was 31.4%, and 52.8% for patients aged 66-74 years [17]. Higher
RTU rates were observed in the US SEER database study by Scott et al. of
2836 patients from 1993 to 2005 [18]. The RTU rate for patients aged
70+ years was 64.1% and 81.1% for patients aged 50-70 years [18].

3.2.6. Cervical cancer

In the definitive setting, the RTU rate increased with increasing age
(Fig. 2f). The largest cervical cancer study included in this systematic
review was a 1988-2005 US SEER database study by Sharma et al. of
28,902 patients with all disease stages [19]. The RTU for patients un-
dergoing definitive radiotherapy was 51.3% for patients aged 70-79
years and 60.7% for patients aged 80+ years [19]. Tyldesley et al., in
their Ontario Cancer Registry study, also demonstrated an RTU rate of
63.1% for ages 65-74 years and 46.5% for patients aged 75+ years [20].

In comparison, for patients in the adjuvant setting, Trifiletti et al.
reported a reduction in RTU with increasing age in their review of 5947
patients from the 2002-2012 US National Cancer Database [21]. The
RTU rate was 50.5% for patients aged 50-59 years and 42.6% for pa-
tients aged 69+ years [21].

3.2.7. Pdlliative radiotherapy

Palliative radiotherapy utilisation rates were reported in some arti-
cles [22-29]. The RTU rate decreased with increasing age for palliative
treatments in all reported studies. Murphy et al. demonstrated a
reduction in palliative radiotherapy for patients with stage IV breast,
lung, prostate, and colorectal cancer [29]. The RTU rate decreased from
52% in patients aged 60-69 years to 22% in patients aged 85+ years.
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4. Discussion

This systematic review has demonstrated reductions in the RTU rate
for common tumour sites and an increase in the RTU rate for other
tumour sites. The RTU rate was not stable with increasing age. The
following tumour sites were associated with a reduction in the RTU rate
with increasing age: breast, lung, rectum, and glioblastoma. The pro-
portion of prostate and cervical cancer cases receiving radiotherapy in
the adjuvant setting decreased with age. The RTU rate decreased with
increasing age for patients receiving palliative treatment (as defined by
radiotherapy for management of symptoms in patients with metastatic
disease or radiotherapy in patients that are not suitable candidates for
curative radiotherapy). Alternatively, patients undergoing definitive
radiotherapy for treatment of prostate and cervical cancer (in substitute
for surgery) were associated with an increase in RTU rate with
increasing age.

Therefore, the proportion of cases receiving radiotherapy in the
curative setting increased with increasing age where radiotherapy is
used as a substitute for surgery (prostate cancer and cervical cancer).
The increase in the RTU rate is likely to be due to the reduction in fitness
or suitability for surgery, or non-acceptance by the patient of a surgery
recommendation.

The previous optimal RTU benchmarks developed by the Collabo-
ration for Cancer Outcomes, Research and Evaluation (CCORE) have
estimated the optimal RTU for breast cancer (83%), lung (76%), prostate
(60%), rectal (61%), GBM (100%), and cervical cancer (58%) [30-36]
when all age groups are combined. Fig. 2a-f display the RTU rates
identified in this review for the different tumour sites. For patients aged
80+ years, only the cervical cancer RTU rate achieves the optimal RTU
rate as previously benchmarked. Therefore, there is a concern for other
studied cancer sites that the actual RTU rate is less than the optimal RTU
rate.

The reduction in radiotherapy utilisation with increasing age may be
due to many different factors. These factors may include physician and
patient biases, comorbidities, suitability and fitness for treatment, and
limited social supports [37]. It is however stated on the International
Geriatric Oncology Guidelines (SIOG) that cancer treatment decisions
should not be based on age alone [38-40].

In the current era with modern technology and improvements in the
precision and accuracy of radiotherapy, the side effect profile of treat-
ment is much lower than historically [41]. There is also a reduction in
the length of the treatment course required for many tumour sites. For
example, for older adults with early-stage lung cancer, there is
increasing evidence to support the use of stereotactic radiotherapy [42].
Stereotactic lung radiotherapy requires fewer sessional attendances and
treatment may be completed within two weeks. Palma et al. showed an
increasing proportion of older adults receiving cancer treatment for
early-stage disease following the introduction of stereotactic treatment
[13]. There is also an improvement in local control and less toxicity
when compared to a conventional course of radiotherapy delivered over
six weeks [43]. In an institutional study by Haasbeek et al. of 193 pa-
tients aged 75+ undergoing stereotactic radiotherapy treatment for
stage INSCLC, only one patient did not complete the course of treatment
[44].

For patients undergoing curative intent radiotherapy as definitive
treatment (that is, without surgery), the RTU rate increases with age
near to the benchmark recommendation. Our review demonstrates this
is well documented for patients with prostate cancer, cervical cancer,
and, more recently, is being seen in early-stage lung cancer following the
introduction of stereotactic lung radiotherapy. The exception to this is a
reduction in RTU rate with age for patients undergoing radiotherapy for
a GBM, where there is evidence of less benefit in the 60+ age group [45].

In the definitive setting, radiotherapy is an alternative treatment
option to surgery for the older cohort of patients. Outcomes are thought
to be equivalent for patients undergoing radiotherapy or surgery for
prostate cancer [46]. For patients with cervical cancer, there are
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randomised data to support treatment equivalence [47]. The radio-
therapy utilisation rate is therefore higher in the curative intent setting
for lung, prostate, and cervical cancer, as demonstrated in Fig. 2b, d, and
f.

For patients with a brain tumour (GBM) there is evidence for a
shorter course of radiotherapy delivered over three weeks [7]. The
reduction in RTU rate with increasing age in this cohort of patients is
partly explained by the reduction in clinical benefit with age as seen in
the initial malignant glioma recursive partitioning studies [45]. More
recent studies, including a SEER database study of 2836 patients aged
70+ years and a randomised study from France of 86 patients aged 70+
years, have demonstrated an overall survival benefit with radiotherapy
[18,48].

Our review has established that radiotherapy utilisation rate de-
creases with increasing age when radiotherapy is used in the adjuvant
setting. This reduction in adjuvant treatment may be due to multiple
factors. One such factor may be referral bias. Ong et al., in their retro-
spective cohort study of 158 patients with stage II/III rectal cancer or
stage III colon cancer at the Ottawa Hospital, found that only 67% of
patients aged 75+ years were referred for a radiation and/or medical
oncology consultation versus 95% in patients aged <75 years [49].
Dawe et al., in their retrospective Ontario study of 61,646 patients, re-
ported that the proportion of radiation oncology referrals for patients
with NSCLC decreased with increasing age for all stages except for pa-
tients with stage I disease [50]. Only 52% of patients aged 70+ years
were referred for a radiation oncology consultation versus 70% of pa-
tients aged <70 years.

Patients may elect not to proceed with radiotherapy due to concerns
with the length of treatment required (usually several weeks). There are,
however, randomised data to support shorter treatment schedules in
multiple tumour sites including, for breast and rectal cancer treatment
[51-53]. For these tumour sites, the RTU rate decreases from age 70+
years (Fig. 2a and d). The reduction in the length of treatment may allow
more patients to proceed with radiotherapy, as the number of sessional
attendances required is no longer a barrier to radiotherapy.

4.1. Implications for practice and research

From this research, there is evidence that for older adults, there is a
shortfall between optimal and actual radiotherapy utilisation across all
tumour sites except for cervical cancer [54]. Therefore, there is a need to
develop age-specific optimal benchmarks. The benefit of radiotherapy
for local control and survival across multiple tumour sites has been well
established [30-32,34,55-57], indicating that omission of radiotherapy
may be detrimental to patient care. However, data on the benefits of
radiotherapy specific to the older cohorts are generally lacking. There is
a need for further research in this area to determine the age- specific
clinical decision making and, furthermore, whether these age-specific
utilisation rates are clinically appropriate.

4.2. Strengths and limitations

The strength of this study is that this is the largest study to review
radiotherapy practice by age and tumour site. A meta-analysis was not
possible due to the use of different age categories by the original studies.
Study limitations include a lack of data on the reasons why there was a
reduction in RTU with increasing age. Little evidence exists to determine
whether this is clinician or patient decision-making related or a com-
bination of the two. The way radiotherapy may or may not be discussed
with patients is not consistently recorded. It is possible that some de-
cisions to omit radiotherapy are entirely appropriate when considering
patient’s comorbidities and recurrence risk.

5. Conclusion

Overall, the RTU decreases with increasing age for patients with
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breast cancer, colorectal cancer, lung cancer, and GBM and increases for
patients with cervical cancer and prostate cancer. Further work is
required to ensure appropriate utilisation of radiotherapy, to assess the
gap between actual and optimal radiotherapy utilisation rates, and to
determine whether the reduction represents underutilisation of radio-
therapy or appropriate reduction treatment for older adults who may not
be suitable candidates for radiotherapy based on comorbidities, toler-
ance of treatment, and estimated life expectancy. Radiotherapy recom-
mendations should not be based on age alone.
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