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Purpose—Leaders in the oncology community are sounding a clarion call to promote “value” in 

cancer care decisions. Value in cancer care considers the clinical effectiveness, along with the 

costs, when selecting a treatment. To discuss possible solutions to the current obstacles to 

achieving value in the use of advanced technologies in oncology, the National Cancer Policy 

Forum of the National Academies of Sciences, Engineering, and Medicine held a workshop, 

“Appropriate Use of Advanced Technologies for Radiation Therapy and Surgery in Oncology” in 

July 2015. The present report summarizes the discussions related to radiation oncology.

Methods and Materials—The workshop convened stakeholders, including oncologists, 

researchers, payers, policymakers, and patients. Speakers presented on key themes, including the 

rationale for a value discussion on advanced technology use in radiation oncology, the generation 

of scientific evidence for value of advanced radiation technologies, the effect of both scientific 

evidence and “marketplace” (or economic) factors on the adoption of technologies, and newer 

approaches to improving value in the practice of radiation oncology. The presentations were 

followed by a panel discussion with dialogue among the stakeholders.

Results—Challenges to generating evidence for the value of advanced technologies include 

obtaining contemporary, prospective, randomized, and representative comparative effectiveness 

data. Proposed solutions include the use of prospective registry data; integrating radiation 

oncology treatment, outcomes, and quality benchmark data; and encouraging insurance coverage 

with evidence development. Challenges to improving value in practice include the slow adoption 

of higher value and the de-adoption of lower value treatments. The proposed solutions focused on 

engaging stakeholders in iterative, collaborative, and evidence-based efforts to define value and 

promote change in radiation oncology practice. Recent examples of ongoing or successful 

responses to the discussed challenges were provided.

Conclusions—Discussions of “value” have increased as a priority in the radiation oncology 

community. Practitioners in the radiation oncology community can play a critical role in 

promoting a value-oriented framework to approach radiation oncology treatment.

Introduction

Leaders in the oncology community are increasingly sounding a clarion call for promoting 

“value” in cancer care decisions—that is, to consider clinical effectiveness along with payer, 

societal, and patient costs when selecting a treatment (1–3). To better understand the current 

challenges to promoting value in the use of new device technologies in oncology, the 

National Cancer Policy Forum of the National Academies of Sciences, Engineering, and 

Medicine held a workshop, “Appropriate Use of Advanced Technologies for Radiation 

Therapy and Surgery in Oncology” in July 2015 (4).

Workshop participants included multiple stakeholders, including oncologists and 

representatives from research, payers, policymakers, and patients. At the workshop, speakers 

presented on the immense challenges posed by the need to measure effectiveness and the 

costs of radiation and surgical oncology treatment, in particular, as complex and expensive 

technologies continue to evolve. The presentations were followed by workshop dialogue 

sessions to elicit additional responses and potential solutions by stakeholders. Finally, a 

concluding session emphasized the increasing need to generate evidence for the value of 
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emerging technologies and opportunities for practitioners in the oncology community to 

engage with other stake-holders to measure, improve, and promote value in everyday 

oncology practice. The present report reflects the content of the presentations and 

discussions at the workshop regarding the practice of radiation oncology.

Value Proposition in Oncology: A New Discussion Surrounding Medical 

Device Technologies

Choosing high-value cancer treatment involves identifying and selecting treatments that will 

provide the best possible clinical outcomes and minimize costs to payers, patients, and 

society (2, 5–11). The need for a value discussion in radiation oncology has been prompted 

by the rapid uptake of, and large capital investments involved in, the implementation of new 

medical device treatment technologies in cancer care. Despite ongoing discussions on the 

value of new cancer drugs (eg, targeted agents), less attention has been given to new cancer 

treatment technologies in the form of medical devices (8, 9). Moreover, discussions on the 

value of new drugs are not completely translatable to the value of new device technologies in 

radiation and surgery. The distinct uptake, approval, and pricing patterns of new 

technologies in devices versus new drugs distinguish their value-based examination. 

Specifically, the uptake of new technologies by practitioners is generally much more rapid 

than that for drugs, in part because of the less-stringent federal approval process for medical 

devices (which include new radiation and surgical technologies) (10, 11). Although the US 

Food and Drug Administration requires evidence from clinical efficacy trials to approve 

drugs, the requirements for devices differ. Efficacy trials are not necessarily required; rather, 

approval testing focuses on the technological characteristics and mechanisms of operation 

(12). Regarding pricing, the prices for drugs in the United States are set by the 

manufacturers. The prices for devices are also set by the manufacturers; however, another 

price is set by the payers for the procedure delivered using the device. The differences in the 

drug versus device life-cycle also influence the price. Thus, drugs typically begin under 

patent protection, and their prices tend to decline sharply after the patents expire and 

generics enter the market (13, 14). However, this does not occur for devices. Instead, devices 

are replaced over time after a large capital investment by providers because of depreciation 

or obsoleteness. The unique characteristics of technology uptake contribute to the 

knowledge gap in our understanding of the value of these new technologies. In particular, in 

radiation and surgical oncology, this knowledge gap is set to widen under the pressures of 

accelerated uptake, large capital investments, and constant pressure to replace devices with 

ever newer technologies.

Increasing Costs of New Technologies in Radiation Oncology

We need a value discussion specific to radiation oncology in part because of its overall 

trajectory of treatment costs, considered an outlier relative to the cost trajectory for other 

specialties (15). An important driver of the documented high growth rate in Medicare 

expenditures for radiation oncology has been the increasing use of advanced radiation 

technologies, accompanied by the increased costs of care to payers, society, and patients 

(16). These radiation costs still represent a fraction of the overall substantial costs of cancer 
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care. Historically, the specialty of radiation oncology experienced major advancement 

during the past 2 decades, advancing from the era of “2-dimensional” radiation treatment to 

3-dimensional (3D) conformal radiation planning and treatment, intensity modulated 

radiation treatment (IMRT), image guidance (and the alternative radiation treatment 

strategies that such technology affords, including hypofractionation), respiratory motion 

management, magnetic resonance linear accelerator, volumetric arc therapy, stereotactic 

radiosurgery or stereotactic ablative radiation therapy, and proton therapy. A previous 

workshop sponsored by the National Cancer Institute in 2013 highlighted the plethora of 

emerging technologies in radiation oncology and reviewed the associated challenges in 

implementing and evaluating new technologies and techniques (17).

New technologies and techniques in radiation oncology represent increasingly sophisticated 

means of tumor visualization, radiation beam targeting, treatment plan computing power, 

and treatment delivery. The goal of achieving a better therapeutic ratio—through 

increasingly conformal tumor targeting and minimizing normal tissue toxicity—is the 

scientific and clinical driver behind such advancements. However, the potentially greater 

costs of using these technologies have placed the use of advanced radiation technologies at 

the center of the discussions of value in cancer care. The 2013 National Cancer Institute–

sponsored workshop did not have a primary focus on the value discussions surrounding 

emerging technologies in radiation oncology; thus, the reported workshop represents a 

logical next step in the dialogue among radiation oncologists and other stakeholders.

The rapid uptake and widespread diffusion of new radiation technologies inevitably present 

a unique source of financial strain for patients, who assume a portion of the overall 

economic burden. In the current value-based era of care, awareness of the implications of 

such financial strains on cancer patients and their families, who face high out-of-pocket 

expenses for cancer treatment, is increasing (18–21).

The estimates of overall out-of-pocket expenses after diagnosis vary; however, such 

expenses can be as high as $5000 to $18,000 (20–23). Until recently, longstanding cultural 

attitudes about cancer and resistance to considering cancer care costs have contributed to 

barriers toward achieving value in cancer care. For example, a strongly held belief among 

some patients and providers has been to pursue all available treatments, even those with little 

to no expected survival benefit, regardless of the financial consequences (24). Also, the 

societal expectation has been that costs for end-of-life cancer care would be unavoidably 

high. Today this is no longer the case. Not only have the costs of cancer care continued to 

increase, but the documented financial burdens for cancer survivors have included 

bankruptcy, foregoing spending on other necessary medications or food, declines in quality 

of life, and potentially worse health outcomes, including overall survival (18–20, 25–29). 

Accordingly, patients have now become key stakeholders in the discussion of how to 

incorporate the value proposition in radiation oncology, in particular, what constitutes the 

appropriate use of advanced technologies in the practice of radiation oncology (Fig. 1).
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Clinical Evidence, Evidentiary Gaps, and Future Horizons for Research

In this section of the workshop, the participants examined clinical research questions and the 

approaches currently used to address the evidentiary gaps regarding the comparative 

effectiveness and value of 2 illustrative technologies, IMRT and proton therapy. The uptake 

of these radiation treatment technologies and the ongoing barriers to developing the 

evidence to evaluate the effectiveness and value of these technologies were discussed.

Use of IMRT

The uptake of IMRT has steadily increased during the past decade but has shown signs of 

reaching a plateau analogous to the end segment of the proposed S-shaped uptake curve for 

new technologies (14, 30) (Fig. 2). This steady uptake pattern reflects the widely accepted 

dosimetric benefits of IMRT and the advent of routine reimbursement for IMRT. When used 

appropriately, IMRT allows for more conformal radiation treatment, with corresponding 

dosimetric benefits to tumors and normal tissues. The challenge in ongoing studies has been 

to prove whether these dosimetric benefits translate into improvements in clinically 

meaningful outcomes. Randomized data comparing the clinical outcomes for IMRT versus 

2-dimensional or 3D therapy have been difficult to obtain, mostly because they require large 

numbers of patients and long follow-up times to demonstrate clinical benefit. Therefore, the 

rapid uptake of IMRT into the everyday practice of treating many disease sites was not 

necessarily based on comprehensive randomized data with long-term clinical outcomes such 

as cancer control or long-term organ function. Rather, this uptake often relied on consensus 

among practitioners on the dosimetric benefits achieved by IMRT. Nevertheless, several 

early randomized studies of IMRT were successfully conducted. For example, in 1 

multicenter randomized trial of patients with breast cancer, a simple form of IMRT resulted 

in significant reductions in moist desquamation compared with a 2-dimensional standard 

wedge technique (31). For patients with head and neck cancer, IMRT was associated with a 

lower risk of xerostomia and improved overall quality of life throughout a 2-year follow-up 

period (32). However, equipoise is now difficult to achieve for new randomized studies 

seeking to accrue and evaluate the long-term outcomes of IMRT, in part, owing to its 

saturated uptake.

To overcome the challenges of a lack of equipoise, nonrandomized studies can provide 

secondary, single-institution, administrative, or other observational comparative 

effectiveness data—for example, the nonrandomized comparisons of patients with prostate 

cancer treated with IMRT versus 3D therapy have demonstrated reductions in 

gastrointestinal toxicity and hip fractures from IMRT, benefits generally accepted in clinical 

practice (33–35). Workshop participants underscored 3 persistent challenges to successful 

comparative effectiveness radiation oncology research. First, from a scientific perspective, a 

need exists to advance the study designs and platforms for data collection on the 

comparative effectiveness of newer radiation technologies outside the idealized randomized 

trial setting. Second, from the perspective of the community of stakeholders, a need exists 

for consensus on the approach to then judge the comparative effectiveness data and translate 

these findings into guidelines for appropriate use of technologies. Third, from the 

perspective of value assessment, an ongoing need exists to evaluate the costs of care from 
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societal and patient standpoints. Ongoing comparative effectiveness research on IMRT is 

still necessary, including the effect of related advances such as optimized inverse planning, 

image-guided treatment planning and delivery, and complex quality assurance on its value.

Proton therapy

In contrast to IMRT, the uptake of proton radiation therapy appears only to have begun, with 

the curve of development recently increasing in a roughly exponential fashion—with <20 

operating centers and ≥11 in development in the United States and 42 worldwide (Fig. 2). In 

countries with centralized allocation of health care resources, the rate of uptake has been 

substantially slower than that in the United States. For example, only 2 proton centers have 

been established in the United Kingdom. As a technology, proton therapy has the potential to 

produce incremental improvements in dosimetry compared with IMRT for numerous 

anatomic disease sites. However, the cost implications have been disproportionately 

challenging, with substantially greater installation and operational costs—approximately $20 

to $30 million for a single gantry. With these higher costs, demonstrating the comparative 

effectiveness of proton therapy is also a priority for research.

Similar to IMRT, obtaining scientific data on the potential benefits of proton therapy has 

proved to be a persistent challenge, especially the sought-after level 1 evidence to quantify 

clinical benefits and identify the most appropriate indications for proton therapy. A few 

indications for proton treatment have been agreed on by consensus. For example, most 

oncologists consider pediatric cancer to be the best indication for proton therapy. This is 

because of the physical characteristics of particle beams, which allow the practitioner to 

reduce or eliminate an unnecessary exit dose to the normal tissues beyond the target volume. 

Children are uniquely sensitive to radiation, which has profound effects on their physical 

and intellectual growth and development and increases the risk of radiation-induced second 

cancer. Globally, the radiation oncology community supports pediatric cancer as an 

appropriate indication for proton therapy (36–40). For adults, the generally accepted 

indications are fewer, and most are for relatively rare conditions, such as high-dose radiation 

for skull base tumors, eye tumors, and spinal and sacral tumors. Little consensus has been 

reached for using proton therapy for more common types of cancer in adults. Evidence 

directly comparing the effectiveness of proton versus photon treatment is still evolving. The 

current evidence on the comparative effectiveness of protons is still dominated by 

retrospective and single-institution studies. Moreover, the aggregate follow-up time has been 

relatively short and the number of treated patients much lower relative to IMRT, generally 

because of the limited number of facilities with proton capabilities. Nevertheless, 

prospective studies, several randomized, have been proposed or are ongoing for common 

types of cancer, such as cancer of the prostate, breast, head and neck, lung, and central 

nervous system.

Evidentiary gaps in comparative effectiveness research on advanced radiation oncology 
technologies

Obtaining data on comparative effectiveness is critical for promoting the appropriate use of 

advanced radiation technologies. Although the importance of obtaining this evidence is well 

understood, no agreement has been reached regarding how to overcome the practical 
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challenges of generating it. The randomized clinical trial has been the accepted reference 

standard for comparative data (41–43). In reality, however, both the accrual and the follow-

up time for such trials can be long, which can compromise the application of the trial results, 

owing to shifts in indications or even outright outdating of existing technologies by the time 

the trials have been concluded. Furthermore, the need to evaluate long-term outcomes and 

late effects can be difficult to assess with rapidly changing technologies. Translating clinical 

trial results to actual clinical practice can be complicated by heterogeneity in patient 

characteristics (such as anatomy) (44), rendering technologies such as IMRT or proton 

therapy unlikely to be equally effective in all circumstances. Downstream clinical benefits 

could be further modified by other characteristics such as age, the presence of comorbid 

conditions, performance and functional status, life expectancy, and competing risks (45). 

Clinical trials alone might not provide sufficient data to fully explain how these modifying 

characteristics affect the comparative effectiveness of various forms of radiation therapy.

Thus, other study designs have been used to compare the effectiveness of new technologies 

in terms of disease outcomes and toxicity. For example, retrospective population-based and 

administrative data studies are popular nonrandomized approaches to address comparative 

effectiveness questions. The use of Surveillance, Epidemiology, and End Results (SEER)–

Medicare data is a typical example. The detailed clinical data available in the SEER registry 

(eg, tumor type, disease stage, patient demographics, pathologic characteristics, and 

survival) are coupled with data on treatment, health care usage, and Medicare reimbursement 

as a measure of cost gleaned from the Medicare claims data. However, such retrospective 

studies can have several weaknesses (46). First among these weaknesses is the possibility of 

unmeasured confounding masking the independent contributions of meaningful differences 

in treatment effectiveness versus the effects of underlying characteristics of the physicians, 

facilities, or patients adopting the new technologies (47). Second, surrogate variables are 

often used as covariates or outcomes, because some clinical details might not be 

ascertainable from secondary data sets. Third, temporal factors are difficult to disentangle. 

The recent use of advanced technologies versus previous use of conventional treatment can 

contribute to unmeasured differences in patient, tumor, and quality of care factors according 

to the treatment era. Therefore, the strength of comparative effectiveness studies is in 

providing a body of consistent findings, with large administrative and population data 

providing complementary information to detailed single-institution or dosimetric studies and 

randomized trial data.

Future horizons in comparative effectiveness research

The discussion in this future horizons section sought to discuss solutions to address 

evidentiary gaps. Prospective registry studies represent a developing strategy to advance 

comparative effectiveness research in radiation oncology. In the current state, however, such 

studies have been limited by the existence of “siloed” radiation oncology data elements (Fig. 

3). To compare the effectiveness of different technologies or treatment approaches, 

information must be gathered from the electronic medical record, treatment planning system, 

record and verify system, and even financial records to help assess the costs. Despite an 

abundance of potentially available information on treatment delivery, toxicity, and outcomes 

from these data sources, no well-established, disseminated system is yet available to 
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integrate these elements. Even more challenging, in practicality, such data need to be 

extracted from a unique data structure (Digital Imaging and Communications in Medicine 

for radiation therapy [48]) from a variety of software options (eg, MOSAIQ and ARIA) from 

multiple vendors. Thus, the availability of “big data” alone does not address the need for 

data integration. Meaningful comparisons among treatments cannot be completed without 

addressing these data siloes, especially when the aim is to develop externally valid evidence 

representative of more than a single practice or institution.

At a national level, infrastructures are also needed to integrate radiation oncology data such 

that quality and outcomes can be benchmarked and evaluated in practice. An early example 

of such an initiative is the National Radiation Oncology Registry. The experience with the 

National Radiation Oncology Registry highlighted extraordinary real-life obstacles to 

operationalizing this concept, including achieving comprehensive inclusion of a large 

number of patients from different institutions and facilities into a single database, functional 

infrastructural integration of multiple electronic data sources, a user-friendly interface for 

data collection, and flexible ascertainment for evolving clinically meaningful and 

informative variables (49, 50). Relevant ongoing efforts to more broadly integrate oncology 

data include the statewide Michigan Radiation Oncology Quality Consortium effort; 

PCORnet (National Patient-Centered Clinical Research Network), which focuses on 

harnessing patient-centered outcomes data (51); MDEpiNET (Medical Device Epidemiology 

Network Initiative), which focuses on building a national medical device evaluation system; 

and CancerLinQ, a national effort to establish a learning oncology system (52). Although 

these examples show promise, they still represent relatively early efforts to integrate data in 

a truly seamless interface. If such efforts succeed, the primary benefit will be the 

development of an inclusive, “learning” health care system. Novel data fields could be 

actively ascertained as needs, indications, usage, and, even, early results as the use of new 

technologies evolve. Integrated prospective registry studies have the potential to address a 

knowledge gap that is distinct from (and complementary to) the answers that can be obtained 

from randomized clinical trials alone.

Another benefit of data captured outside the clinical trial setting is the potential to reflect 

actual community practice—moving beyond the understanding of efficacy to understanding 

true effectiveness. When advanced technology is disseminated into usual care, another 

important benchmark to ascertain is systematic quality assurance data collection across 

radiation oncology practice settings. The radiation oncology community of practitioners, 

including clinicians, radiation therapists, and medical physicists, is demonstrating an 

increasing awareness and investment in quality benchmarking (53). The scientific 

community certainly has a role in collecting data; professional societies can also participate 

by accreditation and evidence-based guidelines. Patients, too, as a community, can 

contribute their voice by providing patient-centered, patient-reported data (54).

Marketplace Factors and Technology Adoption

In reality, clinical considerations have not been the sole driver of technology usage. 

Workshop participants also discussed how “marketplace” factors interact with both payers 

and providers and how these interactions influence the use of advanced technology. The use 
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of advanced radiation technology has inevitably affected expenditures in radiation oncology. 

IMRT is a prime example, given its uptake and saturation in daily radiation oncology 

practice. Medicare expenditures for IMRT have been estimated at about $200,000,000 in 

2002 and ≤$800,000,000 in 2010, and those expenses were in large part responsible for the 

increasing cost of radiation therapy during that period (16). Costs are projected to plateau, in 

part, as payers influence the price of radiation treatment delivery, including IMRT delivery 

(55). Additionally, practitioners have sought to improve the efficiency of delivering IMRT 

and streamline computation costs to improve the efficiency gains and profit margins. The 

skill sets and team knowledge needed to use this technology have become increasingly 

refined and diffused and are now relatively accessible to most radiation oncology teams. 

More saturated usage and efficient service delivery might also positively contribute to 

stabilizing the projected cost trends associated with IMRT in the future.

The downside to marketplace influences on technology diffusion is the potential for 

financially motivated, rather than clinically appropriate, decision-making, which can lead to 

overusage of expensive technologies and increase health care spending without associated 

improvements in patient outcomes. Provider ownership with self-referral is 1 example, and 

links between provider ownership and the disproportionate adoption of IMRT have been 

documented in studies of men with prostate cancer (56, 57). The debate surrounding 

provider ownership in radiation oncology has raised awareness concerning the risk that 

reimbursement mechanisms can create perverse financial incentives for promoting 

potentially inappropriate adoption of expensive technology. Furthermore, although financial 

incentives can hasten the adoption of expensive technologies, they could also become 

barriers to the de-adoption of low-value practices. One example discussed was the uptake of 

hypofractionated breast radiation treatment, a lower-cost treatment option for appropriately 

selected patients with early-stage breast cancer compared with conventionally fractionated 

radiation (58–60). Despite established evidence that hypofractionated breast radiation 

therapy can provide excellent tumor control and an excellent toxicity profile, its uptake and 

the concomitant de-adoption of conventionally fractionated therapy in the United States has 

been surprisingly slow—increasing only from a usage rate of 11% in 2008 to 35% in 2013 

within a cohort of appropriately selected patients in 1 population study (61). The lack of 

financial incentives to change practice in this case has been postulated as a contributing 

factor (62, 63). These examples illustrate the need in radiation oncology to promote 

incentives, not simply for adopting the newest treatments, but rather, for adopting high-value 

treatments and de-adopting lower value approaches.

Defining, Measuring, Promoting, and Improving Value

The goal of this workshop section was to introduce paradigms, approaches, and newer 

solutions for promoting and improving value in radiation oncology.

Defining value for radiation oncologists

Value in health care has been traditionally conceptualized as outcomes divided by costs, 

quantified over the entire cycle of care (4). A special consideration in the use of this basic 

conceptual model for radiation oncologists is in the definition of the “cycle of care” (Fig. 4). 
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The acute cycle of care for radiation treatment typically lasts 2 to 7 weeks; however, this is 

not the only relevant care cycle. When assessing the potential harm/benefit tradeoff of 

radiation treatment, radiation oncologists usually consider the entire continuum of cancer 

survivorship, from the cancer diagnosis to death, with or without active cancer. The health 

benefits from radiation can persist for years or decades; therefore, radiation oncologists are 

interested in the benefits that last beyond the initial local remission, which can be assessed 

within weeks of treatment. In contrast, both acute and long-term toxic effects are significant 

risks to consider, and long-term toxicity affecting the cardiovascular or cerebrovascular 

systems, neurocognitive function, sexual function, and risk of second malignancies can also 

affect overall survival, patient functional status, and quality of life in the long term. A 

patient’s life expectancy also has a prominent role in affecting the relative risks and benefits. 

Therefore, this “cycle of care” makes quantifying the value of treatment exceptionally 

challenging in radiation oncology.

Another challenge for comparing the value of radiation treatment with alternatives is the 

multiplicity of treatment choices and modalities. For example, treatment scenarios for 

comparison could include treatment versus no treatment (eg, definitive radiation vs active 

surveillance for prostate cancer), radiation versus another local treatment (eg, breast-

conserving surgery with adjuvant radiation vs mastectomy alone for breast cancer), or 

radiation in lieu of additional systemic treatment (eg, shorter course chemotherapy plus 

consolidative radiation vs additional cycles of chemotherapy for Hodgkin lymphoma). The 

radiation treatment itself can also vary in terms of treatment schedule (eg, hypofractionation 

vs standard fractionation) and technique (eg, brachytherapy vs external beam radiation) or 

technology (eg, 3D vs IMRT). Nuanced examination of the multiple combinations of 

tradeoffs for short- and long-term disease outcomes, treatment toxicity, and the cost of these 

numerous options is difficult, often requiring an extraordinary size and breadth of the study 

sample to provide adequate statistical power for all the comparisons required for 

comprehensive comparative effectiveness studies.

Measuring value

Approaches to evaluate value in radiation oncology are evolving. Weighing the available 

published evidence on treatment outcomes is only an initial step in the evaluation process. 

Measures of value include simultaneous assessments of multiple tiers of clinical and health 

care value, health system value, and societal value (Fig. 5). In oncology, disease control 

(which includes both survival [overall and progression-free survival] and tumor control) is 

the most basic conceptualization of outcome. Beyond this, toxicity, quality of life, quality-

adjusted life year, and functional status outcomes, including measures of time to functional 

recovery, treatment discontinuation, and morbidity (eg, the need for inpatient hospitalization 

or feeding tube placement), are also relevant. These considerations move beyond basic 

survival measures to address the sustainability of health in the long term. Simultaneously, 

health system value considers multiple tiers of system measures, including quality, structure, 

process, patient experience, and costs. The costs are also multifaceted, represented by the 

costs that are charged or reimbursed to the payer, costs to the health care provider, and costs 

to the patient. Concurrent consideration of the multiple tiers of societal value includes 

assessing the indirect costs of morbidity and mortality from disease and its treatment, as 
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measured by lost wages and lost productivity. Together, these outcome and cost measures 

can then be translated into a cost-effectiveness metric of a new technology compared with an 

alternative technology (3). The cost-effectiveness of a new technology compared with an 

alternative technology (often the current standard of care) can be measured as either the 

incremental cost-effectiveness ratio or net benefits. The incremental cost-effectiveness ratio 

quantifies the additional costs required to achieve 1 unit of improvement in effectiveness 

from the new technology. Thus, a technology is considered to be cost-effective if the 

incremental cost-effectiveness ratio is less than the threshold value of societal willingness to 

pay (eg, $100,000 per quality-adjusted life year). The net benefit is calculated as follows: 

(societal willingness to pay multiplied by incremental effectiveness minus the incremental 

costs). Thus, a new technology is deemed more cost-effective if the net benefit is positive.

The evaluative process of assessing multiple tiers of care, system, and societal value is 

complex and evolving, given the need to consider the medical system and societal issues, 

along with clinical evidence to determine a net benefit. Involving stakeholders is an 

important component of this process (64, 65). The California Technology Assessment 

Forum was discussed as an innovative example of a program that uses a community forum 

approach as a solution for engaging stakeholders. Stake-holders, including practitioners, 

engage in the process of examining both the strength and the quality of the scientific 

evidence on the effectiveness of interventions to apply this evidence toward improving 

quality and value of care (64).

Additional points were discussed regarding solutions to the problem of defining and 

measuring the value of radiation oncology treatment technologies. Importantly, tradeoffs 

between multiple stakeholder perspectives still need to be reconciled to promote adoption of 

high-value technologies and dissuade the use of low-value technologies in daily practice. 

Practitioners in the radiation oncology community have a primary responsibility to uphold 

“care” value; however, practitioners cannot avoid acknowledging the multiple stakeholder 

perspectives on the value horizon. Although the concept of value to payers tends to reflect 

both comparative clinical effectiveness and budget impact, the concept of value for health 

care providers and manufacturers tends to reflect clinical effectiveness, additional theoretical 

or much longer term benefits, the intrinsic value of the availability of multiple treatment 

options, and return on investment. A proposed reconciliation of these views would be for 

payers to increase transparency, consistency, and focus on balancing long-term benefits and 

costs in their conception of value. Thus, providers and manufacturers would view 

affordability as a mutual and immediate imperative. Stakeholders would ideally seek a 

model in which payers, providers, and patients work together to establish a treatment’s value 

and to define the most appropriate clinical scenarios for the use of advanced technologies. 

This approach involves using iterative deliberations among stakeholders to reach the 

overarching goal of achieving evidence-based use of high-value technologies and dissuading 

the use of low-value technologies in daily practice (66). An illustration of this proposed 

solution exemplified is the Massachusetts Radiation Oncology Physicians Advisory Council 

and Blue Cross Blue Shield of Massachusetts collaborative effort to define standards for 

IMRT use in that state. The collaboration was associated with positive outcomes such as 

radiation treatment-related cost savings and improved efficiency in the insurance appeal 

process (66).
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Improving value

However, the slow adoption of high-value treatments and de-adoption of low-value 

treatments tends to be a more common experience (61). This finding contrasts with the rapid 

uptake of new technology in radiation oncology (67). To address this problem, workshop 

participants discussed approaches to optimize adoption/de-adoption, emphasizing the shared 

responsibilities of multiple stakeholders. The radiation oncology community’s continued 

engagement in high-quality comparative effectiveness research is foundational to value-

based treatment adoption/de-adoption in everyday radiation oncology practice. When the 

data are not yet available for newly evolving techniques, payers in particular can help to 

advance the science of evaluating new technologies. Although federal agencies continue to 

allot funds to support such science, resources are limited (68). However, the large—often 

massive—initial investment for new technologies that must be recouped by the institutions 

places practitioners in a development trap: developing evidence for comparative 

effectiveness with no reimbursement is difficult; however, the absence of evidence makes 

justifying reimbursement difficult. Yet an institution that invests in technology is compelled 

to provide supporting evidence for the technology’s indications and effectiveness. What 

begins to be lost in this cyclical trap is the impetus to generate unbiased data to advance the 

value perspective on new and developing technologies.

Can practitioners, institutions, and the scientific community partner with payers as 

stakeholders to accept a shared risk inherent in the venture to establish the value of new 

technologies? Such a venture requires generating best evidence in a setting of considerable 

pressure to avoid the inefficient use of health care dollars for treatments that might or might 

not be beneficial. Insurance coverage with evidence development was one solution discussed 

in this section for overcoming the economic development trap. This strategy would provide 

an opportunity for practicing radiation oncologists to engage proactively and collaboratively 

with payers. Quite simply, coverage denial threatens accrual to the very studies required to 

provide the evidence for or against the use of new technologies. Consistent payer 

reimbursement for treatment as a part of an evaluative study would support evidence 

development and help to justify either appropriate adoption or de-adoption of a new therapy 

(69). Clinicians and investigators engaging payers in the early stages of study design could 

help to enlist payer support (70).

Care pathways, treatment guidelines, and value initiatives from professional societies (eg, 

the “Choosing Wisely” campaign [71]) can serve as a vehicle to help disseminate evidence 

and therefore enable value-based choices. Another developing solution to improve value is 

to increase price transparency (72, 73). This strategy seeks to: (1) engage patients in the 

process of assessing a treatment’s value from a patient-centered perspective by helping 

patients understand the cost implications of treatment selection; and (2) reduce existing 

asymmetry in information—typically the provider and the patient do not have the same 

information about the components of care, especially on the cost and quality of treatment. 

Addressing this asymmetry could empower patients to seek high-value treatment choices. 

Level 1 data on the price transparency approach are eagerly awaited.

Increasingly, extrinsic payer and policy factors seek to create incentives or disincentives for 

practitioners as a solution to improve value in care (eg, through quality benchmark 
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incentives and pay-for-performance and usage management and coverage policies). Moving 

from an encounter-based fee-for-service payment model to a value-based reimbursement 

model is still an evolutionary process. The main caution is to avoid unintended consequences 

of these forces—the possibility that structural changes could slow clinical care or impede 

access to beneficial treatments. The goal is to provide information and to share decision-

making, with providers engaging in empowering patients to take an active role in the 

adoption or de-adoption of practices through their preferences. Collectively, such approaches 

can signal to both market and practitioners a need for different and better innovations.

Conclusions

Discussions of “value” have risen as a priority in the radiation oncology community, driven 

to the forefront by multiple forces. Practitioners in the radiation oncology community can 

have several critical roles in promoting value, by supporting the ongoing need to generate 

evidence for the comparative value of radiation treatment options, empowering patients by 

promoting a patient-centered approach in evaluating treatment value, and partnering with 

other stakeholders to adopt or de-adopt treatments using a value-oriented framework. The 

increasing costs of health care—and, in radiation oncology, the increasing expense of ever-

advancing technologies—have prompted a societal imperative to examine value. The 2016 

American Society for Radiation Oncology annual scientific meeting theme, “Enhancing 

Value, Improving Outcomes” (74) and other recent workshops on the value of radiation 

treatment (75, 76) have demonstrated that this value discussion is permeating the 

consciousness of the radiation oncology community.
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Fig. 1. 
Stakeholders in the discussion of value in oncology.
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Fig. 2. 
S-shaped curve representing the uptake of new technologies.
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Fig. 3. 
The challenge of “siloed” data elements.
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Fig. 4. 
Value in care defined for the radiation oncologist.
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Fig. 5. 
Health care value, system value, and societal value.
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