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Value-based health care – what does it mean for radiotherapy?
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What constitutes value?

If our aim is value-based radiotherapy, we must first under-
stand and agree what constitutes value.

Generally speaking, value refers to importance, usefulness
or (monetary) worth, i.e., determines the relationship
between a good or service and the price paid or asked for
[1]. In various disciplines – sociology, business management,
economics – different views exist: Although aspects regard-
ing utility and monetary exchange are crucial, value is also
influenced by cultural and social contexts and connected to
experience [2]. In behavioral economics, the ‘prospect theory’
describes that perceived value may differ when decisions are
made under conditions of potential benefits or losses, which
may be relevant for patients in non-curative situations [3].
This introduces subjectivity, as the desirability of a good or
service and what is considered a fair price may vary with its
specific properties, the person concerned, the specific situ-
ation, the external circumstances.

In the above, value refers to what one wants to pay or
give up to obtain something, not to what it actually costs. In
health care, however, cost has been introduced into the
value equation: ‘An assessed health benefit relative to the
cost’. The Institute of Medicine proposed an even broader
definition, considering six elements of valuable health and
cancer care: safety, effectiveness, patient-centeredness, time-
liness, efficiency, equity [4,5]. Others have included yet other
aspects, with societal implications beyond patients’ value,
such as accessibility, quality, acceptability, affordability, social
significance, emotional and spiritual meaning [6,7]. The
National Institute for Health and Clinical Excellence provides
the most operational definition: ‘The value of a treatment is
based on scientific value judgments, including a clinical and
an economic evaluation, and social value judgments, includ-
ing considerations of efficiency and effectiveness’ [6].

A balance between outcomes and costs

We will use the definition of Michael Porter: ‘Value is defined
as the health outcomes – that matter most to patients –
achieved per dollar spent’, i.e., an equation with outcomes in

the numerator and costs in the denominator [8]. As such,
value and economic evaluation can be regarded as two sides
of the same coin, both with two dimensions crucial to guide
societal decision-making on acceptability and affordability of
new healthcare interventions [6,8,9]. But while economic
evaluations strictly compare two treatments and provide an
absolute value measure, the incremental cost-effectiveness
ratio [9,10], Porters value equation is a cost-consequence
analysis, with outcomes and costs being evaluated but not
aggregated into a single measure [8,10].

The value of a good or service depends on one’s willing-
ness to trade for something else that has value. It does not
necessarily include a monetary aspect [11]. Let’s take the
case of radiotherapy for locally advanced lung cancer: The
disease extent and patients’ comorbidities will be critical in
making the choice, in ‘valuing’ between a potentially curative
multimodality approach, with risk of serious side effects, and
palliative radiotherapy, with limited toxicity but without
chance of long-term survival. Based on such considerations,
it has been questioned whether it is correct to define value
as Porter did, including costs [8,10]. Assuming we accept his
definition, changes in both the numerator and denominator
can improve value, although they often are not independent.
If, for example, advanced radiotherapy results in better out-
come through decreased toxicity, healthcare costs subse-
quent to treatment are expected to decrease. Likewise, more
efficient radiotherapy may not only lower the costs, but also
improve local control, quality-of-life and survival, as in stereo-
tactic body radiotherapy for lung cancer [12,13].

Economists believe that consumers are ‘utility maximisers’
by nature, always choosing the good or service which best
satisfies their needs for the lowest cost [14]. Cancer patients
may not follow this rationale: Beyond a balanced evaluation
of risks and benefits, demands for particular treatments may
be driven by hope, even when facing a high likelihood of
side effects or limited benefits [15,16]. Defining optimal value
for healthcare customers – patients undergoing radiotherapy,
but by extension the society as a whole – is therefore not a
trivial exercise. Which outcome offered by radiotherapy inno-
vations matters most to patients, and what are the associ-
ated costs, during treatment, and in the years thereafter?
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Accurate costs are crucial in determining the value of
healthcare – and radiotherapy – interventions, but consistent
evidence is limited and confusion remains between the costs
borne by healthcare providers and the price paid by patients
or insurers [14,17–19]. Time-driven activity-based costing
(TD-ABC), proposed to optimize healthcare costing [19], has
been applied to radiotherapy, in real life as in theoretical
models [19–24]. The ESTRO-HERO (Health Economics in
Radiation Oncology) TD-ABC cost-accounting model can pro-
vide insight into the actual resources consumed in the radio-
therapy care pathway, in the associated costs and in
radiotherapy resources and costs embedded in the broader
multidisciplinary environment [25]. Porter indeed defines
costs as ‘the total costs involved in the full cycle of care for
the patient’s medical condition’; hence, to optimize value,
one should reduce the total costs of cancer care, not just
those of individual treatments or services [8,26,27].

Similar complexity holds for capturing near- and long-
term outcome [8]. Value being multidimensional, one out-
come measure can by no means give a true representation
of the results of a healthcare intervention. This is especially
true for cancer care. Although it is commonly accepted that
oncology innovations should aim for patients to live longer
and better [6,28], various tumor types and stages will define
different sets of multidimensional outcomes, together defin-
ing patient benefit. In addition, risk factors and comorbid-
ities, patient circumstances and preferences, as healthcare
system characteristics and capabilities, may impact the rela-
tive importance of these outcomes.

Although radiotherapy should be seen in the broader
context of cancer care, it is useful to elaborate what may
best capture patient outcome during and after radiotherapy.
Porter defined health outcomes in a three-tiered hierarchy,
each with two levels. While top tiers are generally most
important, lower levels or tiers may become more relevant
depending of the patients or interventions [8]. Figure 1 illus-
trates how this structure could apply to radiotherapy.

Tier 1 considers the ‘health status achieved or retained’.
‘Survival’ is included as first-level outcome, being a funda-
mental goal, not in the least for cancer patients [8]. It may,
however, not be optimal for loco-regional cancer treatments,
especially if patients experience prolonged survival, the tech-
nology itself and concurrent treatments evolve over time,
and the multimodality approach makes it difficult to associ-
ate survival with one specific treatment [29–32]. Moreover,
maximizing survival may not be the most important object-
ive for all patients. Hence, the second level: ‘the degree of
health or recovery achieved or retained’, which includes
quality-adjusted survival, and radiotherapy-specific endpoints
such as functional status or organ sparing [8].

Tier 2 relates outcomes to the ‘process of recovery’,
including ‘the time required to achieve recovery’ and ‘the
disutility of the care or treatment process’ [8]. Avoidance of
treatment interruptions would apply here, as would shorter
overall treatment time and lower treatment burden, with
possibly quicker return to previous activities. The second
level would include radiotherapy-related acute toxicity [30].

Tier 3, the ‘sustainability of health’, encompasses
‘recurrences of the original disease or longer-term complica-
tions’, and ‘new health problems created as a consequence
of treatment’ [8]. For radiotherapy, endpoints such as long-
term local control or organ-specific progression-free survival,
sustained functional status and late side effects, should be
considered here [30,31].

Even if included in lower tiers, side effects – especially
long term – and how they impact on health-related quality-
of-life, are crucial in the evaluation of new radiotherapy
treatments, techniques and technologies [8,30]. Symptoms,
side effects and quality-of-life should therefore be incorpo-
rated in the assessment of any radiotherapy innovation and
best measured by directly asking patients about their experi-
ence through patient-reported outcomes (PRO), thus quanti-
fying value from a patient perspective [14,33,34].

Multiple roads to evidence

It is undisputable that efficacy remains best to provide
unbiased outcome under ideal conditions. Yet, the design
and reporting of randomized controlled trials (RCT) may ren-
der their results of lesser relevance to clinical practice.
Patient selection to conform to strict inclusion criteria, for
example, may hamper external validity and applicability, and
overlook the need for personalized, not population-based,
outcomes [35,36]. RCTs represent a specific challenge in
radiotherapy due to the large scope of innovations involved.
This is reflected in a mere 2% of radiotherapy research being
devoted to RCTs [37]. While new treatments investigating
altered fractionation or drug-radiotherapy combinations
should favor RCTs, other innovations, such as new position-
ing devices, may require less stringent appraisal. Moreover,
high upfront capital investments and rapid incremental evo-
lution in software and hardware may hamper RCTs as the
sole methodology to evaluate new radiotherapy technologies
[29–31].

Blended evidence generation is therefore needed [29–31].
One novel method is the model-based approach applying
parallel proton- and photon-planning. Based on personalized
estimates of predicted long-term toxicity, patients are allo-
cated to one technology or the other and subsequently fol-
lowed in a standardized manner [38–40]. Although
developed for evidence generation in particle therapy, this
approach could also be used to appraise other emerging
technologies [38,41].

To facilitate data capture across Europe, ESTRO and the
European Organization for Research and Treatment of Cancer
(EORTC) have bundled the forces of a large group of profes-
sionals with the know-how and infrastructure to perform
large-scale oncology research in the E2-RADIatE (EORTC-
ESTRO RADiotherapy Infrastructure for Europe) initiative. E2-
RADIatE has the ambition to be an efficient research frame-
work for radiation oncology, generating robust real-world
evidence (RWE) on the role of radiotherapy in cancer treat-
ment by supporting multiple prospective cohort studies [42].

RWE can also be extracted from registries or administra-
tive datasets [29]. While it may overcome some of the
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described challenges of radiotherapy research, additional val-
idation and methodological work may be needed. Moreover,
RWE should not be seen in isolation, but as part of a multifa-
ceted, practice-oriented approach to clinical effectiveness
research. Complementing other data sources, RWE may gen-
erate hypotheses for clinical trials, translate efficacy into
effectiveness representative of actual practice and patient
populations, and allow for data capture over a long-term
perspective [43,44].

Future perspectives for value-based
radiation oncology

Ever-rising cancer care costs have triggered interest in
value-based oncology, with value frameworks specifically
developed to appraise value in oncology. The ESMO
Magnitude of Clinical Benefit Scale, ASCO Value Framework
and NCCN Blocks have been extensively discussed concern-
ing their development, methodologies used and results
generated. Although it has been argued that these frame-
works vary in value assessment of specific drugs and do
not truly capture value to support population-level deci-
sion-making, their merit lies in proposing strict methodolo-
gies evaluating outcome, all or not in combination with
costs, and in putting value on the international oncology
agenda [7,45–48].

Initially developed for drugs, these frameworks are
inappropriate for value assessment of non-systemic cancer
treatments [30]: They do not capture the most relevant out-
comes and are not easily applicable to the multitude of radi-
ation and surgical oncology interventions. In addition,
limited patient focus and involvement, evidence generated
by clinical trials only and insufficient cost evaluation have all
been mentioned as points of concern [30].

Defining core endpoints [49–55] and a value scale for
loco-regional oncology through multistakeholder collabor-
ation is imperative [30], considering following aspects:

1. intervention types: stepwise versus incremental techno-
logical innovations;

2. evidence levels beyond RCTs, considering requirements
per intervention type [38–40,43];

3. intervention intent, determining endpoints and relevant
clinical improvement;

4. endpoint categorization in survival-related endpoints;
functional outcomes, acute and late toxicity and compli-
cations; economic and operational endpoints including
resource use, costs and quality.

Economic endpoints should formally be included, crucial
as they are to guide societal decisions on acceptability
and affordability of new treatments. Data generation and
capture can be facilitated by dedicated tools and infra-
structure (e.g., ESTRO-HERO TD-ABC, E2-RADIatE) [6,25,42].
Likewise, operational and quality endpoints are critical in
radiation oncology [30]: procedural volume, professional
qualification and expertise, availability and diversity of
high-tech medical devices, learning curves following the
rapid evolution of techniques and technologies may all
impact outcome. Including aspects of the Donabedian
model, i.e., structure and process indicators, along with
outcomes, should therefore be considered for a value scale
for radiation oncology [14].

Finally, value frameworks should address unmet medical
need and timely access to promising new treatments. They
should be flexible in clinical endpoints, data generation and
integration of new evidence, practice patterns and medical
progress as well as incorporate patient preferences. In the
present rigid data capture environment, this is hardly achiev-
able. However, broader integration of data available in vari-
ous healthcare and insurance registries, along with better
interoperability of radiotherapy-specific IT networks, should
in time allow a flexible framework combining data from clin-
ical trials, dedicated infrastructures and real life [56].

TTier Dimension
Possible radiotherapy
outcome measures

Tier 1 
Health Status Achieved  

or Retained 

Survival 
survival 
quality-adjusted survival 

lortnoclacol

Degree of Health/Recovery 
func�onal status 
organ-preserva�on 

Tier 2 
Process of Recovery

Time to Recovery and Return  
to Normal Ac�vi�es 

�me to tumour control 
treatment interrup�ons 

emittnemtaertllarevo
Disu�lity of the Care  

or Treatment Process 
pa�ent burden 
acute radiotherapy toxicity 

Tier 3 
Sustainability of Health

Sustainability of Health/Recovery 
and Nature of Recurrence 

long-term tumour control 
organ-specific PFS* 
sustained func�onal status 

Long-term Consequences 
of Therapy

late side-effects 
secondary malignancy 

*PFS: progression-free survival 

Figure 1. Three-tiered outcome hierarchy applied to radiation oncology.
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In conclusion, value-based healthcare has gained interest,
yet multiple questions remain, not in the least in the context
of radiation oncology. Issues regarding endpoints and evi-
dence generation required to value new radiotherapy treat-
ments, techniques and technologies should be addressed
through multistakeholder collaboration, including the
patients’ perspective.
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