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a b s t r a c t

Background: The population benefit of radiotherapy for gynaecological cancer (GC) if evidence-based
guidelines were routinely followed is not known. This study’s aim was to address this.
Methods: Decision trees were utilised to estimate benefit. Radiotherapy alone (RT) benefit was the abso-
lute proportional benefit of radiotherapy over no radiotherapy for radical indications, and over surgery
alone for adjuvant indications. Chemoradiotherapy (CRT) benefit was the absolute incremental benefit
of concurrent chemotherapy and RT over RT alone. Citation databases were systematically queried for
the highest level of evidence defining 5-year Local Control (LC), and 2-year and 5-year Overall Survival
(OS) benefit. Meta-analysis was performed if there were multiple sources of the same evidence level.
Deterministic and probabilistic sensitivity analysis was performed.
Findings: Guidelines supported 22 radiotherapy indications, of which 8 were for CRT. 21% of all GC had an
adjuvant or curative radiotherapy indication. The absolute estimated population-based 5-year LC and OS
benefits of RT, if all patients were treated according to guidelines, were: endometrial cancer LC 5.7% (95%
CI (3.5%,8.2%)), OS 2.3% (1.2%,3.4%), ovarian cancer (nil), vulval cancer LC 10.0% (1.6%,18.2%), OS 8.5%
(0.5%,15.9%). Combined with prior estimates for cervical cancer, RT benefits for all GC were LC 9.0%
(7.8%,10.3%), OS 4.6% (3.8%,5.4%). The incremental benefit of CRT for all GC was LC 0.7% (0.4%,0.9%), OS
0.5% (0.2%,0.8%). Benefits were distinct from the contribution of other modalities. The model was robust
in sensitivity analysis. Most radiotherapy benefit was irreplaceable by other modalities.
Interpretation: Radiotherapy provides important and irreplaceable LC and OS benefits for GC when
optimally utilised. The population model provided a robust means for estimating this benefit.

� 2016 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 120 (2016) 370–377

Radiotherapy plays an important role in the management of
gynaecological cancer (GC). It would be valuable to know what the
benefit of radiotherapy is in the population of patients with gynae-
cological cancer if all patients were treated according to evidence-
based guidelines. This would assist in modelling the impact of
underutilisation of radiotherapy and calculating the benefits if
resources were planned according to evidence-based need [1–3].
It would also provide inputs for economic analyses of radiotherapy

for GC, and a tool for planning for optimal radiotherapy service
provision [4].

In this study, the population benefit of radiotherapy when used
according to GC guidelines was investigated. This builds on previous
work on breast cancer and cervical cancer [5,6]. Using a standardised
methodology, 2-year and 5-year overall survival and 5-year local con-
trolbenefitsof radiotherapywill beestimated.The incrementalbenefit
of chemoradiation over radiation alone for GC will also be estimated.
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Panel 1. Research in context.

Evidence before this study
The population benefit of external beam radiotherapy

when used according to guidelines is largely unknown. Stud-
ies published in the past decade have considered only breast
cancer and cervical cancer. We systematically queried
PubMed and Medline databases with the terms ‘gynecologi-
cal’, ‘gynaecological’, ‘cancer’, ‘radiotherapy’, ‘population’,
‘benefit’ 1946-November Week 3, 2015. Some studies
reported on population outcomes for specific gynaecological
cancer indications. None addressed outcomes with
guideline-based use of radiotherapy for the entire population
of gynaecological cancer patients.

Added value of this study
Our study is the first to describe population benefits of a

population-based radiotherapy programme for gynaecologi-
cal cancer patients. We used a decision tree model describing
the proportional incidence of external beam radiotherapy
indications in the Australian population with guideline-
based use of radiotherapy. We considered 2-year and 5-year
overall survival and 5-year local control. The incremental
benefit of chemoradiation over radiotherapy alone was
separately estimated. Absolute proportional benefits were
determined based on a systematic review, providing an
estimate of the proportion of the population deriving a
benefit specifically from radiotherapy. We found that about
one in ten women with gynaecological cancer will derive a
5-year local control benefit from optimally utilised radiother-
apy, and one in twenty a 5-year overall survival benefit.
The contribution of radiotherapy to gynaecological cancer
outcomes was largely irreplaceable by other modalities
(e.g. surgery, chemotherapy).

Implications of all the available evidence
Radiotherapy provides important and irreplaceable contri-

butions to gynaecological cancer outcomes when optimally
utilised. The modest incremental benefit of chemoradiation
over radiotherapy alone emphasises that appropriately deliv-
ered radiotherapy is fundamental to combined modality
treatment benefits. Efforts should be made to ensure
adequate access to radiotherapy as part of national gynaeco-
logical cancer programmes.

Methods

Definitions of benefit

Benefits were estimated for all gynaecological cancers
representing 2% or more of all GC incident in Australia (ovarian,
endometrial, vulval and cervical cancer) [7]. Results for cervical
cancer were previously reported and are included in this report
in summary only [6].

The external beam radiotherapy alone (RT) benefit was defined as
the absolute benefit of RT compared to no treatment for radical
radiotherapy indications. Given historic data indicating extremely
poor long-term survival for most untreated cancers, the radical
RT benefit was considered as equal to the survival of patients trea-
ted with RT [8]. For the poor performance status group of inopera-
ble endometrial cancer requiring radical radiotherapy, competing
risks were considered. For adjuvant indications, the RT benefit
was that of adjuvant radiotherapy over surgery alone.

The chemoradiation (CRT) benefit was the absolute benefit of
chemotherapy given concurrently with radiation, over the benefit
of RT alone.

5-year actuarial local control (LC) and 2-year and 5-year overall
survival (OS) benefits of RT and CRT were estimated in order to
determine the overall population radiotherapy benefit. Benefits

of brachytherapy alone and palliative or quality of life benefits
were not considered.

A separate analysis was performed to estimate the irreplaceable
benefit of radiotherapy for GC. An indication for radiotherapy was
defined as irreplaceable if there was no standard of practice alterna-
tive to the radiotherapy indication. In the case where surgery was
an accepted alternative and that surgery was followed by adjuvant
radiotherapy according to guidelines, the adjuvant radiotherapy
benefit was taken as the irreplaceable benefit.

Systematic review of evidence for radiotherapy benefit

A systematic review was performed to identify the highest level
of evidence defining radiotherapy benefits for each indication. The
National Health and Medical Research Council (NHMRC) levels of
evidence were utilised [9]. Consideration was given to risk of bias,
and generalisability to population outcomes. Appendix 1 describes
the generic form of the search strategy. A keyword-based search
within Ovid was utilised. This allowed simultaneous query of
multiple electronic citation databases: Medline, EMBase and all
Ovid evidence-based medicine sources. Publicly available
population-based outcomes data from SEER were also queried. To
ensure completeness, hand searches of key article reference lists
were performed. Key articles were queried in Pubmed to identify
related articles, and GoogleTM Scholar keyword searches were
performed. In cases where more than one appropriate source of
the same level of evidence was identified, a meta-analysis was per-
formed. Searches covered the literature December 1990 to August
2015 for vulval and endometrial cancer. Benefit estimates from
previously developed cervical cancer models were utilised [6].

Calculation of radiotherapy population benefit

TreeAgeTM Pro 2008 software was used in the development and
assessment of the population models. Decision trees were devel-
oped, pictorially representing the overall population of GC consid-
ered in the analysis. This study built on models developed by
Delaney et al. [2,10,11]. FIGO 1988 endometrial cancer staging
was utilised in order to maintain compatibility with the many clin-
ical trials and observational studies reported in this convention.

Each branch in the decision tree represented a certain clinical
characteristic or treatment decision point involved in sub-
dividing patients into specific subgroups with a specific indication
for radiotherapy. The diagram flows from left to right with
subgroups defined on the right. In some cases where further subdi-
visions were needed to define distinct subgroups, international
evidence-based guidelines (Appendix 2) and epidemiological data
were utilised to extend the models, as previously described [12,13].

Radiotherapy benefits were associated with each radiotherapy
indication. The population benefit of radiotherapy was determined
by first multiplying the proportion of patients in the whole
population with an indication by the proportional indication
benefit. These products were then summed for the population
benefit estimate. The RT population benefit thus provided an
estimate of the additional proportion of patients in the whole
population achieving a benefit (for example overall survival), due
to guideline-based RT, compared with no RT.

Statistical analysis

Meta-analysis
Using Review Manager software version 5.1, a generic inverse

variance meta-analysis method was used in cases where there
was more than one source of the same level of evidence defining
benefit. Standard errors were calculated, where necessary, from
survival curves. In these cases, a previously developed method
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