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Health Services Research in brachytherapy: current understanding and future challenges

List of acronym

BT - Brachytherapy

BTU — Brachytherapy Utilisation rate

CEA — Cost-effectiveness analysis

CUA — Cost-utility analysis

EBRT — External Beam Radiotherapy

HDR — High Dose Rate

LDR — Low Dose Rate

NHS — National Health Service

NICE — National Institute of Health and Care Excellence
QALY — Quality Adjusted Life Year

RTU — Radiotherapy Utilisation RATE

TD-ABC — Time-Driven Activity-Based Costing

Introduction

Brachytherapy (BT) is an important treatment option for a range of cancer diagnoses.
Concerns are, however, frequently raised about falling availability of brachytherapy across
jurisdictions. Yet unlike in external beam radiotherapy (EBRT), there has been relatively little
work undertaken to understand its use from a health services perspective [1]. Such work is
crucial to determining the extent to which current services address the population need, what
the scale of this need is, what investment is required to deliver these interventions and finally,
whether this investment would offer value to the wider health service through the delivery
of increased population health. In this review we will discuss the current literature in this area

and highlight where further work is required.

Brachytherapy is an integral component of cancer guidelines, including the “Groupe Européen
de Curiethérapie” - European SocieTy for Radiotherapy and Oncology(GEC-ESTRO) [2], the
National Comprehensive Cancer Network (NCCN), USA [3-5], the American Brachytherapy
Society (ABS) [6-10], and Cancer Institute, New South Wales in Australia [11, 12]. Extensive
observational data and subsequent randomised studies support the use of brachytherapy in
the treatment of cervix and endometrial cancers [13-19]. Gill et al. found that in 7,654
patients receiving radiotherapy for advanced cervical cancer, overall survival was inferior with

IMRT/SBRT compared with a brachytherapy boost [20]. Similarly, for patients with early-stage



endometrial cancer, the PORTEC 2 trial demonstrated excellent local control with vaginal

brachytherapy versus external beam radiotherapy [16, 21].

Brachytherapy is also an important treatment option for patients with prostate cancer. Here,
randomised data supporting its use is more limited and spread more thinly across a more
heterogeneous population [19, 22, 23]. The ASCENDE-RT trial demonstrated a reduction in
biochemical failure for patients with intermediate and high-risk prostate cancer who received
a brachytherapy boost (low dose rate (LDR)) compared with dose escalated EBRT [22]. Hoskin
et al. also demonstrated an improvement in relapse free survival with a high dose rate (HDR)

boost for patients with localised prostate cancer [23].

In an era of increasingly conformal EBRT, in some centres, brachytherapy has been replaced
by image guided radiotherapy with intensity-modulated radiotherapy (IMRT), volumetric-arc
therapy (VMAT) or indeed, stereotactic techniques [5, 23-27]. Conversely, beyond these
major indications, brachytherapy (BT) is used, albeit less commonly for various other tumour
sites. These include: skin cancers; intraluminal brachytherapy for rectal cancer and
obstructive lung or localised oesophageal tumours; ocular tumours, head and neck cancers;
and post/intra operative partial breast irradiation (23, 24). Here, we will focus predominantly
on the most common brachytherapy indications. We will consider expected and observed
brachytherapy utilisation, the resources required to deliver BT and the evidence available to
assess its cost-effectiveness. Finally, we will discuss how research in these areas could be used

to ensure brachytherapy is available for all patients who require it.

Optimal Brachytherapy Utilisation Rates (BTU)

Evidence-based guidelines and epidemiological data have been used to estimate the
proportion of patients expected to benefit from receiving brachytherapy, providing an
optimal BT utilisation rate (BTU). The optimal BTU is defined by Thompson et al as the
‘proportion of patients that should have brachytherapy at least once during the course of

their illness’ [28-30].



The team at the Collaboration for Cancer Outcomes Research and Evaluation (CCORE) in New
South Wales, Australia estimated the optimal BTU rate for patients with cervical, uterine and
prostate cancer,[28-30] identifying rates of 49% [28], 40% [29] 9.6% [30] respectively. These
estimates are, however, based on guidelines published more than 10 years ago and the stage
distribution seen in their local population. Further estimates of optimal BTU in India have
been used to explore the apparent deficiency of brachytherapy utilisation for cervical cancer.
Here an optimal BTU of 85% was assumed based on available information on stage
distribution [31]. It should be noted that there are limitations to the methodology for
calculating the optimal BTU given the limited high-level evidence for BT indications and
contraindications, lack of patient specific details (for patients with gynaecological
malignancies) and, importantly, patient treatment preferences (for patients with prostate
cancer). Beyond these major diagnoses, such uncertainties become even greater. For
example, in skin cancer, dosimetric considerations become crucial, making estimation of the
optimal BTU rate all but impossible. To our knowledge, optimal BTU has not been defined in
other jurisdictions. An ESTRO-HERO analysis of Radiotherapy Utilisation (RTU) for EBRT in
European countries [32] was performed by Borras et al, whilst a similar analysis of the BTU

has been deemed feasible yet too challenging based on the above listed reasons [33].

For patients with cervical cancer in low and middle-income countries, the health and
economic benefits have also been studied [34]. Rodin et al. demonstrated that 11.4 million
life years would be gained with radiotherapy services scaled up to provide the recommended
optimal RTU [35]. This estimate for the benefit of radiotherapy services (both EBRT and
brachytherapy) has been provided in the era of Human Papilloma Virus vaccination and
demonstrated the cost effectiveness of greater brachytherapy availability for cervix cancer in
low and middle-income countries [35]. The challenges of implementing this are not
inconsiderable with centralised services being more achievable to deliver but requiring
extensive networks to support identification and treatment of patients from across large

geographical areas with often limited transport infrastructure [31].

Observed Brachytherapy Utilisation Rates — Variation in practice



Few studies have reported observed BTU rates, with those addressing this question using
differing methodologies to calculate the BTU, making direct comparisons challenging. Table 1

presents the results of studies carried out in Europe, Australia, North America, Canada and

Korea.
Tumour site Brachytherapy Methodology
utilisation

Europe Gynaecological 1997-2002: 60.8% | Defined as the % cases

malignancies (UK) [36] receiving brachytherapy

according to tumour site

1997-2002:59.7%
(Spain)

Prostate 1997-2002:13.4% Defined as the % cases
(UK) receiving brachytherapy

according to tumour site

1997-2002:16.3%
(Spain)

All tumour sites 2018 (Belgium) Defined as the % cases
28% prostate seed receiving brachytherapy
. according to tumour site
implant
8% ocular BT
64% HDR/PDR BT
[37]
HDR/PDR:
45% vaginal dome
BT
22% intra-uterine
BT [37]

Australia — NSW Cervix 2003: 30% [28] Defined as the % of
patients receiving
brachytherapy  during
the course of their
illness

Endometrium 2003: 14% [29] Defined as the % of
patients receiving
brachytherapy  during
the course of their
illness

Prostate 2003: 3.9% [30] Defined as the % of
patients receiving
brachytherapy  during
the course of their
illness




United States of | Cervix 58% [13] Defined as the % of
America patients who receive
brachytherapy in
addition to external

beam radiotherapy
Cervix 96.7% to 86.1% | Defined as the % of
(from 2004 to 2011) patients receiving
[20] brachytherapy as
opposed to IMRT/SABR

as their boost

Prostate 27.6% and 10.8% | Defined as the % of

(intermediate and
high risk)

respectively [38]

patients who receive
brachytherapy in
addition to external

beam radiotherapy

Prostate

20% brachytherapy
alone

14% with
brachytherapy and
EBRT [39]

Defined as the % of
patients that received
brachytherapy

Canada - Quebec

All tumour sites

4829 treatments in
2019 (compared to
3930in 2011) [40]

Defined as the number
of brachytherapy
treatments

Korea

Cervix

84%
(2005) — 78% (2013)
[41]

Defined as the
‘proportion of patients
who
brachytherapy
those who
curative EBRT’

received
among
received

Table 1: Global Radiotherapy utilisation

Health economics in Brachytherapy

Cost-effectiveness analyses (CEA) aim to assess the cost of delivering a desired outcome,
measured in the natural unit of the outcome (e.g. toxicity spared at one year). With the
incorporation of survival and quality of life data, the cost to deliver an extra quality adjusted
life year (QALY) can be determined (cost-utility analysis (CUA)). The use of the QALY measure
in the latter means the value (cost per QALY) of the intervention can be considered in the
context of the wider healthcare budget where the opportunity cost of investment is likely to
lie outside of cancer care. This enables the decision maker to determine if investment in a
novel intervention would be expected to deliver greater health benefit within a finite
healthcare budget [42]. In both cases the threshold for reimbursement will vary between

healthcare jurisdictions, in line with the expected health benefit delivered by the resources

foregone within the system [43].




From this it is clear that information informing not only the clinical benefits of brachytherapy,
but also the costs, are needed to deliver such analyses. Whilst in the health technology
appraisal of pharmaceuticals the cost of the drug is the principle element, with a modest
contribution from delivery, the cost of radiotherapy is more challenging to determine. Here
commonly, and appropriately, costs are based on reimbursement tariffs [44] however,
reimbursement tariffs may include incentives to drive clinical practise and may not align with
provider expenditure [45, 46]. As such, further valuable information may be gained by

understanding the costs to the provider.

Resource planning and cost estimation

Time-Driven Activity Based Costing (TD-ABC) has been widely used to determine the provider-
level cost of EBRT [47, 48]. This approach identifies all activities contributing to a treatment
course, the resources required to deliver each one and its necessary time and resource cost
[49]. With BT delivery requiring a highly specialized team, personnel has been identified as
both the main resource requirement and determinant of brachytherapy cost for both breast
and prostate cancer; it accounts for at least half of the total treatment cost [50-52]. Estimating
the personnel costs can, however, be challenging; high training requirements for
brachytherapy may be expected to result in a significant learning curve effect with additional
cost associated with training and accreditation [53]. Beyond this, equipment costs are none
the less significant, with these including both disposable items (the second largest share of
treatment cost in HDR and LDR, between one third to almost half of the total cost) and
significant capital investment [51, 52]. Theatre space costs may vary greatly across settings;
whether being dedicated for BT or shared within a general hospital, the cost per minute will
be greatly influenced by idle capacity. As such, estimating an overall cost, even within a single
jurisdiction, is challenging due to varying approaches, patient volumes, the learning curve and
centralisation of services. Understanding this is, however, crucial to both service planning and

health economic analyses.

From the provider perspective fixed, upfront capital costs and semi-variable staff costs are
critical. Where the volume of BT is limited due to small, or indeed, uncertain numbers of
referrals these provider costs will persist in the medium to long-term irrespective of activity.

These may act as a barrier to investment and BT delivery, particularly where it is perceived



that a lower reimbursement is available as compared to EBRT [1, 46]. Further, whilst in the
UK the profitability of service delivery is not routinely considered, this is not true universally

[54]. TD-ABC can inform a business case for brachytherapy.

Cost-effectiveness

The limitations of both clinical effectiveness and cost data have been outlined above,
however, both are required for cost-effectiveness analyses (CEA). Literature searches
(including search terms “brachytherapy” and cost-effect*”) identified a limited number of
cost-effectiveness studies, conducted in various jurisdictions for a range of clinical indications.
Of the 32 primary studies, 24 originated in North America and seven in Europe, of which two
(CUAs in rectal and breast cancer) took an NHS perspective [55, 56]. Studies considered
prostate (nine), breast (eight), cervix (three), endometrial (three) and oesophageal (three)
cancers with others assessing infrequent and investigational indications. Whilst a majority of
studies were CUA/CEA’s (28/32), unfortunately even amongst cost-utility analyses, study
qguality was often limited with parametric inaccuracies seen in some studies (e.g. expert
consensus for costs incorporated rather than available reimbursement tariff), standard of
care regimens not always aligning to best practise and limited studies reporting in line with
consensus guidelines [57]. Additionally, there was a heavy reliance on observational data and

expert consensus resulting in a significant risk of bias.

Brachytherapy cost-effectiveness varied across indications and jurisdictions. Based only on
cost-utility analyses, the considered brachytherapy approaches were reported to be cost-
effective in studies looking at gynaecological indications and a majority of those in prostate
cancer whilst the results in breast cancer were considerably more mixed. Three systematic
reviews considered the cost-effectiveness of brachytherapy in prostate cancer, concluding
that limited data existed to address their specific questions [58-60]. As such, whilst a small
number of subjectively strong studies exist, it is not possible to draw a firm conclusion about
the cost-effectiveness of brachytherapy for any specific indication, much less to make any

general statement of cost-effectiveness.



This challenge is further exacerbated by the diversity of decision problems considered and
the jurisdiction specific nature of cost-effectiveness analyses. This latter is particularly
problematic due to the widely differing costs of treatment and follow-up, differing
methodological approaches to CEA, and varying willingness to pay thresholds accepted across
jurisdictions [61]. Extrapolation of cost-effectiveness results between jurisdictions cannot be
justified without careful consideration of these differences. Indeed, in the context of
brachytherapy, where the practicalities of source replacement may influence the installed
technology (e.g. Iridium-192 versus Cobalt-60), particularly in low and middle income

countries, such differences can be further magnified [62].

Beyond the limitations to cost-effectiveness analyses detailed above it is also challenging to
determine the relevance of these results for individual services and countries; centralisation
of services, not possible across all jurisdictions, may result in economies of scale dramatically
shifting the cost, and thus cost-effectiveness, of brachytherapy in any given indication [31].
Such centralisation may enable implementation, but the risk of inequitable access needs to
be minimised through robust collaborative networks, sharing resources for the benefit of
patients dispersed across a wide geographical area. This approach has been highlighted in

India and may be of relevance across jurisdictions from the whole of the income scale [31].

Centralisation and economies of scale are not only relevant when considering the cost-
effectiveness of new services but also in optimising, extending and modifying existing ones.
The studies identified here have appropriately taken a payer perspective with a minority
incorporating provider-level cost. Scenario analyses incorporating the latter may, however,
be informative; the marginal cost of treatment within existing capacity will differ considerably
from that of implementation requiring further capital investment [63]. This is particularly
important given that in many jurisdictions the financial case for brachytherapy investment
will be made at a provider level, necessitating that any financial case recognises this

perspective alongside that of the wider health service.

The question of whose perspective should be taken has also been highlighted where patient
costs have been considered; a single treatment visit is undoubtedly more convenient and less

costly for the patient than attending for multiple EBRT fractions (although as ultra-



hypofractionation of EBRT becomes more widely accepted this difference diminishes) [64].
Additionally, a patient perspective may also be required in the valuation of quality of life. The
approach taken to this varies between jurisdictions. In England the National Institute of
Health and Care Excellence (NICE) defines the value attributed to each health state (and thus
the calculation of QALYs) based on how a representative national population value these
health states [65]. Where the side-effect profiles of the different interventions vary widely,
these average values may not be a good representation of what each individual wishes to
prioritise. As such, where the interventions offer similar net health benefit it maybe
appropriate to provide access to all options, supported by a shared-decision making

approach.

Discussion
Concerns have been raised by many groups about variation in brachytherapy utilisation and,

in places, a lack of brachytherapy utilisation [1, 13, 31, 38]. One reason for this discrepancy
between expected and observed utilisation may be the perceived costs of a brachytherapy
program. Limited randomised data exist informing the clinical benefits of brachytherapy, yet
it is time and resource intensive. In addition, technological advancement in EBRT presents
evolving competition to brachytherapy making the case for investment more uncertain. All of

these uncertainties are exacerbated by a paucity of health services research in this area.

Concern about the financial and infrastructure requirements of brachytherapy mirror those
of workforce planning and availability. A review paper by Banerjee et al. on brachytherapy in
India highlights the technical personnel requirements and the importance of brachytherapy
specific training and educational opportunities, including fellowship courses and the
establishment of a Brachytherapy Society [66]. A more recent study in Australia and New
Zealand echoes their concerns, highlighting the limited brachytherapy training available to
radiation oncologists across their nations [67] whilst these issues have also been identified
for trainee medical physicists [68]. Evidencing the need to address these concerns is
challenging without a clear understanding of expected and observed demand. Furthermore,
there is a cost implication of these training courses. Building on collaborations, both with and
between jurisdictions, to support training in brachytherapy may help to mitigate these

concerns.
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The challenges of ensuring adequate training for the brachytherapy workforce will expand as
the number of brachytherapy indications increases. Increasing evidence supports the use of
brachytherapy for organ preservation in rectal cancer and for palliation in oesophageal
cancer, whilst its use in head and neck cancers and ocular disease can also deliver
preservation of function [69-71]. Access in these settings is, however, very variable and often
limited irrespective of health jurisdiction [72]. This may in part reflect limitations of the
evidence base. For example, in rectal cancer the role of brachytherapy has historically been
limited to patients where frailty or co-morbidity prevents resection. However, as the wider
role of radiotherapy in organ preservation gains greater evidence and the demographics of
an aging population impact services, the role of brachytherapy in rectal cancer may well
increase [73]. Understanding the demand for these less frequent indications will be crucial to

ensuring equity of access.

It is clear that further health services research is required to reduce the uncertainties that
may limit investment in brachytherapy and better inform workforce planning. In the first
instance, modelling of the optimal utilisation rate across jurisdictions should be considered
to determine population level need now and in the future. These should incorporate a range
of “acceptable” levels of utilisation, particularly for novel indications and in diagnoses where
uncertainty exists, to enable recognition of preference sensitive care. Extending beyond this,
and in line with the Brachy-HERO project, there is then a need to understand how
brachytherapy is used currently. Existing routine datasets maybe used where available,
supplemented by prospective audits and clinician surveys, as are underway currently
(personal communication with Peter Niehoff). The challenges to capturing these data are
even greater in low and low-middle income countries where the burden of disease is
considerably larger [74, 75]. Strengthening the existing networks of brachytherapy
professionals both nationally and internationally is urgently required to support this work in

addition to addressing the training requirements mentioned previously [66].

Beyond this, where observed utilisation is found to fall short of optimal utilisation, there is a
need to determine which diagnoses are driving this discrepancy and consider qualitative

studies to better understand its causes. Integrating the optimal BTU models, with observed
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utilisation rates and greater understanding of the causes of any discrepancy can then deliver
clear understanding of the extent to which further investment in brachytherapy may improve
utilisation and indeed, consider how utilisation may be expected to change over time with
varying cancer incidence patterns. By supplementing these analyses with jurisdiction specific
TD-ABC studies it is then possible to deliver a detailed understanding of the workforce and
finance required to increase brachytherapy utilisation to an acceptable level. For new
indications, the costs derived from these studies, combined with randomised data, can then
inform cost-effectiveness analyses, providing decision-makers with the necessary information

to determine the appropriateness of further investment.

Conclusion

Health services research can help to identify the expected level of need for brachytherapy,
enable comparisons with existing utilisation and inform the costs and cost-effectiveness of
aligning utilisation to modelled demand. In all of these areas, work in brachytherapy lags
behind that in EBRT. Further work is urgently needed to redress this balance and ensure

greater availability of BT where appropriate.
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