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Abstract

IMPORTANCE—Significant controversy exists regarding whether physicians factor personal 

financial considerations into their clinical decision making. Within oncology, several 

reimbursement policies may incentivize physicians to increase health care use.

OBJECTIVE—To evaluate whether the financial incentives presented by oncology 

reimbursement policies affect physician practice patterns.
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EVIDENCE REVIEW—Studies evaluating an association between reimbursement incentives 

and changes in reimbursement policy on oncology care delivery were reviewed. Articles were 

identified systematically by searching PubMed/MEDLINE, Web of Science, Proquest Health 

Management, Econlit, and Business Source Premier. English-language articles focused on the 

US health care system that made empirical estimates of the association between a measurement 

of physician reimbursement/compensation and a measurement of delivery of cancer treatment 

services were included. The Risk of Bias in Non-Randomized Studies of Interventions tool was 

used to assess risk of bias. There were no date restrictions on the publications, and literature 

searches were finalized on February 14, 2018.

FINDINGS—Eighteen studies were included. All were observational cohort studies, and most had 

a moderate risk of bias. Heterogeneity of reimbursement policies and outcomes precluded meta-

analysis; therefore, a qualitative synthesis was performed. Most studies (15 of 18 [83%]) reported 

an association between reimbursement and care delivery consistent with physician responsiveness 

to financial incentives, although such an association was not identified in all studies. Findings 

consistently suggested that self-referral arrangements may increase use of radiotherapy and that 

profitability of systemic anticancer agents may affect physicians’ choice of drug. Findings were 

less conclusive as to whether profitability of systemic anticancer therapy affects the decision of 

whether to use any systemic therapy.

CONCLUSIONS AND RELEVANCE—To date, this study is the first systematic review of 

reimbursement policy and clinical care delivery in oncology. The findings suggest that some 

oncologists may, in certain circumstances, alter treatment recommendations based on personal 

revenue considerations. An implication of this finding is that value-based reimbursement policies 

may be a useful tool to better align physician incentives with patient need and increase the value of 

oncology care.

In the United States, physician compensation is commonly based on the fee-for-service 

model, in which physicians receive payment for each treatment rendered. Fee-for-service 

reimbursement may provide financial incentives for physicians to increase health care use, 

potentially leading to low-value and/or unnecessary care.1-7

Various alternative payment models have been proposed to replace the fee-for-service 

model, aiming to more closely align physician incentives with patient benefit. However, 

such changes have been unpopular with clinicians. Seventy-three percent of surveyed 

physicians preferred fee-for-service over other models,8 and specific reforms, such as 

bundled payments, were similarly unpopular (69% of surveyed physicians opposed).9 

Some opposition may be rooted inperceived financialrisk9: fee-for-service is perceived as 

representing guaranteed income, whereas payment tied to performance metrics is often 

perceived as uncertain. Physicians may also favour current reimbursement arrangements 

because they are skeptical of the rationale that compensation influences physician treatment 

recommendations or care delivery; a survey of primary care physicians found that only 3% 

believed that financial incentives might influence their practice patterns.10

The question of physician response to reimbursement incentives is particularly relevant to 

oncology because existing reimbursement policies may incentivize over use of services. For 

example, the Centers for Medicare & Medicaid Services formula for physician administered 
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Part B drugs makes reimbursement proportional to 

drugprice.Thispaymentmodelincentivizesoncologistsbothtoincreaseuseofsystemictherapyand

tousemoreexpensivedrugsover lower-costalternatives.11 The per-treatment reimbursement 

model forradiotherapyalsoincentivizestheuseofagreaternumberofradiation fractions and 

discourages implementation of shorter, hypofractionated treatment plans.12–14 In addition, 

co-ownership of medical imaging and radio therapy facilities results in profitable self-

referral arrangements within some practices, creating the financial incentive to increase use 

of these services.15

Prior literature reviews of financial incentives in healthcare have not focused on 

oncology.16–19 Therefore, although the aforementioned incentives are present in oncology 

care in the United States, whether they are associated with physician practice patterns has, 

to our knowledge, not been evaluated systematically. Alternative payment models intended 

to shift oncologists toward higher-value practices will be ineffective if oncologists do not, 

in actuality, respond to reimbursement incentives. We conducted a systematic review of the 

literature focused on empirically evaluating the question: do financial incentives present in 

US oncology care influence physician practice patterns and care delivery? The results of this 

systematic review are needed to inform future efforts at payment reform in oncology.

Methods

Search Strategy

We conducted a systematic literature search of 5 databases: PubMed/MEDLINE, Web 

of Science, Proquest Health Management, Econlit, and Business Source Premier. There 

were no date restrictions. The search strategy contained 3 core components, linked using 

the AND operator: financial incentives (eg, reimbursement, incentives, fee for service, 

physician self-referral), physician behaviour (eg, practice patterns, physicians; physician’s 
role), and oncology (eg, oncology, chemotherapy, antineoplastic). The search was developed 

for PubMed/MEDLINE and then adapted for each of the other 4 databases by mapping 

these search terms to additional controlled vocabulary and subject heading terminology. All 

searches were finalized on February 14, 2018. Full details of all search terms can be found in 

the eAppendix in the Supplement.

Study Selection

Results from all 5 database searches were downloaded into a reference management tool 

(Covidence, Veritas Health Innovation Ltd). After deduplication, titles and abstracts were 

screened independently by 2 reviewers (A.P.M., J.S.R., E.P., or D.R.). Disagreements were 

adjudicated by group consensus. All studies deemed eligible during title and abstract 

screening underwent full-text review by 2 independent reviewers (A.P.M., J.S.R., E.P., or 

D.R.); disagreements regarding inclusion were resolved by group consensus. Studies were 

eligible for inclusion if they (1) were published in English, (2) focused on the US health 

care system, (3) had full text available, (4) were empirical, peer-reviewed experimental or 

observational studies (eg, were not reviews, letters, case series, or practice guidelines), (5) 

studied physician reimbursement/compensation as the primary exposure of interest in 1 or 

more analyses, (6) studied an outcome that was a direct measurement of delivery of specific 
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cancer treatment services (eg, not a measure of opinion or of health care spending), (7) 

contained a specific measure of contrast of the association of reimbursement/compensation 

with that outcome, and (8) focused on patients with cancer.

Data Abstraction

A standardized template was used to extract data on study characteristics (analytic period, 

study design, geographic location, funding source), experimental question (cohort eligibility 

and size, control group definition, type of reimbursement incentive analyzed, outcome), and 

results (outcome, type of effect measure, point estimates and 95% CIs or P values [where 

available]), and author’s stated conclusions. Data from each study were extracted by paired 

team members, with any disagreements subsequently resolved through discussion.

Risk of Bias Assessment

The Risk of Bias in Non-Randomized Studies of Interventions (ROBINS-I) tool20 was used 

to assess risk of bias (ROB). Each study was assessed on several domains individually and 

then provided an overall ROB. In accordance with ROBINS-I guidelines, the overall ROB 

score was as least as high as the highest-risk individual domain for each study. Possible 

scores were unclear, low, moderate, high, and critical. Owing to the characteristics of the 

studies in our sample, the ROB in the domains classification of interventions and deviations 

from intended interventions was assessed to below for all studies and therefore omitted from 

our results for brevity. The ROB for each study was assessed by paired team members, with 

any disagreements subsequently resolved through discussion. Studies assessed as having 

critical ROB were determined to be unable to contribute meaningfully to the understanding 

of reimbursement incentives in oncology practice and therefore were not included in the 

primary evidence synthesis. Studies assessed as critical ROB are listed in the eAppendix in 

the Supplement, along with justification for exclusion.

Results

eFigure 1 in the Supplement provides details on the study selection process in accordance 

with Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 

guidelines. A total of 5693 studies were identified in our database searches. Of these, 

45 were accepted for full-text review for eligibility, and 20 studies were found to be 

ineligible; reasons for ineligibility are detailed in the eAppendix and the specific ineligible 

studies are detailed in eTable 1 in the Supplement. The remaining 25 studies underwent 

data extraction and ROB assessment; 7 were determined to have critical ROB, leaving 18 

studies for inclusion in the evidence synthesis.21–38 Because of heterogeneity in analytic 

questions, study designs, and effect measures, we did not perform a quantitative synthesis 

(meta-analysis) of any outcome but instead performed a qualitative synthesis.

Study characteristics and findings are summarized in eTable 2 in the Supplement. We 

found that each of the included studies addressed the question of reimbursement incentives 

in oncology through 1 of 3 broadly defined approaches: (1) by analyzing situations in 

which physicians received different compensation for the same treatment or in which 2 

or more similar treatments resulted in different compensation at a given point in time, (2) 
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by analyzing practice structure and/or self-referral arrangements for oncology services, or 

(3) by analyzing physician behavior in response to changing reimbursement for oncology 

services over time. Owing to the similarities among the studies within each experimental 

approach, the studies were grouped accordingly in both eTable 2 in the Supplement and in 

the evidence synthesis herein.

Risk of Bias

The Figure summarizes the ROB assessment of the 18 included studies. No study had 

lower than a moderate overall ROB because of the moderate or greater ROB owing to 

confounding in nonrandomized studies. Fourteen of the 18 studies (78%) were assessed as 

having moderate ROB.21–23,25,27–30,32–34,36–38 Four of the 18 studies (22%) were assessed 

as having high overall ROB, most commonly because of confounding or selection of the 

reported result.24,26,31,35 Low ROB because of participant selection was common, as many 

included studies used broad and uniformly applied claims-based criteria within large data 

sets. Unclear ROB owing to missing data was also common, as the frequency of missing 

data elements was not explicitly mentioned in several studies. The assessment of 2 domains 

(classification of interventions and deviations from intended interventions) showed a low 

risk of bias for all studies; those results are not shown. ROB assessment for studies with 

critical overall ROB can be found in the eAppendix in the Supplement.

Study Characteristics

Fifteen of the 18 studies were published in 2010 or later, and only 1 study was published 

before 2000. Prostate cancer was the most common cancer type, being the focus of 7 studies 
24,28–31,36,37; 4 studies included multiple cancer types,22,25,26,383 focused on breast cancer, 
21,23,27 2 on lung cancer,32,33 1 on bladder cancer,38 and 1 on colorectal35 cancer.Patient 

sample sizes ranged from 1787 to 878 923.

Five studies approached the question of reimbursement incentives by analysing differential 

compensation between physicians or treatments at a given time.21–25 Three of these studies 

used differences in Medicare reimbursement based on local carrier payment rates to estimate 

the association between treatment profitability and use,21,22,24 1 study analyzed physician 

use of different anticancer agents with respect to reimbursement for each agent,23 and 1 

compared cancer treatment between health care systems that did vs did not qualify for 

the 340B drug discount.25 Five studies focused on the incentives created by self-referral 

for radiotherapy or delivery of radiotherapy in freestanding facilities.26–30 Eight studies 

analysed use of services as physician compensation for services changed overtime31–38; 

all but 2 of these studies35,38 analyzed changes in compensation for drug administration 

resulting from the Medicare Modernization Act of 2003 (MMA).

Findings

Studies of Differential Compensation Between Physicians or Treatments—Five 

studies analyzed differential compensation between physicians or treatments at a given 

point in time.21–25 Of these, 4 studies with moderate ROB found that physicians respond 

to reimbursement incentives by preferentially using more-profitable treatments over less-
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profitable treatments21–23,25;1 study with high ROB found no evidence of such a response 

(eTable 2 in the Supplement).24

One study found evidence that physician reimbursement may be associated with the surgical 

approach to breast cancer.21 Physicians were more likely to use breast-conserving therapy 

plus adjuvant radiotherapy instead of mastectomy alone when either their reimbursement 

for breast-conserving therapy was higher or their reimbursement for mastectomy was lower. 

However, the same study did not find a statistically significant increase in breast-conserving 

therapy without adjuvant radio therapy in association with the same reimbursement 

differences.

Three studies found that reimbursement did not appear to be associated with the decision 

of whether to administer systemic therapy; the prevalence of systemic therapy was similar 

between patients treated by higher-reimbursed vs lower-reimbursed physicians 22,24 and 

between those treated by 340B vs non-340B health care systems.25 However, conditional on 

the receipt of systemic therapy, 2 studies identified a preference for more highly reimbursed 

treatment options,22,23 and 1 study identified a preference for administering treatment in the 

more profitable hospital out patient setting compared with the office setting.25

Studies of Practice Structure and Self-referral Practices—Five studies focused 

on the reimbursement incentives created by self-referral practices or practice structure—

specifically, the delivery of radiotherapy in freestanding radiotherapy centers.26–30 Of these, 

4studies with moderate ROB27–30 and 1study with high ROB26 found that physicians are 

more likely to use radio therapy when they or their practices profited through self-referral 

for radiotherapy or when practicing in freestanding facilities.

Two studies compared practice patterns in freestanding 

radiotherapyfacilitieswiththoseinnon-freestandingfacilities.26,27 Freestanding treatment 

facilities bill for both technical and professional fees and are more likely to be physician 

owned and involved in self-referral arrangements, resulting in a greater personal financial 

incentive to use treatments with substantial technical billing, such as intensity-modulated 

radiotherapy (IMRT).15,39,40 Freestanding facilities were associated with both a greater 

likelihood of receiving anyradiotherapy26 and with increased use of the more highly 

reimbursed treatment of IMRT over conventional radiotherapy.27

Three studies compared prostate cancer treatment between urology practices that were 

self-referring for radiotherapy and those that were not.28–30 Many urology practices are 

able to bill for radio therapy services by using the in-office referral exception to the 

Stark law.15,41 Two studies found that self-referral for radio therapy was associated with 

increased use of IMRT28,29; 1 study found that self-referral was associated with both 

receipt of any active therapy (radiotherapy, surgery, cryotherapy, or androgen deprivation 

therapy) and with receipt of radiotherapy specifically. 30One study found that the increase 

in radiotherapy associated with self-referral may replace other prostate cancer treatment 

modalities, observing a reduction in prostatectomy and a nonsignificant reduction in use of 

androgen deprivation therapy (ADT).28
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Studies of Changes in Reimbursement for Oncology Services Over Time—
Eight studies analyzed changes in physician compensation for services over time.31–38 

Of these, 4 studies with moderate ROB32–34,38 and 2 studies with high ROB31,35 found 

evidence of physician response to reimbursement incentives; 2 studies with moderate ROB 

did not find evidence of response to incentives.36,37

Three of these studies examined the use of ADT for prostate cancer during a period in 

which treatment became less profitable because of implementation of the MMA. Of these, 2 

studies found that the use of ADT in non–clinically indicated settings declined after MMA 

implementation 31,37; 1 of these studies also analysed the use of clinically indicated ADT 

over the same period and found that it did not decrease. 31However, 2 of these studies 

hypothesized that if this decline is due to physician response to reimbursement incentives, 

then a greater decline would be observed in private practice, where physician compensation 

is more closely tied to billing,42 compared with academic practice. Neither study found 

evidence that the observed decline in use of ADT in non–clinically indicated settings was 

greater in private practice than in academic practice.36,37

By examining the use of specific drugs that experienced different adjustments in 

reimbursement after MMA implementation, 1 study found that physicians decreased their 

use of drugs that showed the greatest declines in profitability.32 Another study found that 

after MMA implementation, patients dying of cancer were less likely to receive systemic 

therapy within the last 30 days of life.34

Several studies examined reimbursement changes other than the MMA. One study found 

that physicians used less irinotecan after the drug’s patent protection expired and a lower-

cost, less profitable generic alternative became available.35 Another study found a significant 

increase in office-based cystoscopic procedures following an increase in reimbursement 

for procedures performed in the office setting and the absence of a coincident change in 

procedures performed in the hospital or ambulatory surgery settings, where reimbursement 

did not change.38

Studies With Critical ROB—Seven studies that met eligibility criteria were found 

to have critical ROB, and therefore were not included in our evidence synthesis.43–49 

Three of these examined changes in use of erythropoiesis-stimulating agents following 

a Medicare coverage restriction,46–48 2 examined the use of ADT for prostate cancer 

after implementation of the MMA,43,44 and 2 examined practice patterns within oncology 

clinician groups after the implementation of new payment models.45,49 Results of these 

studies and rationale for critical ROB assessment are reported in the eAppendix in the 

Supplement.

Discussion

To our knowledge, this is the first systematic literature review on physician response 

to financial incentives in oncology practice. This study extends previous knowledge by 

including research from biomedical, economic, and health care management disciplines and 

by conducting a broad systematic search to identify studies with different analytic questions, 
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approaches, and outcomes. The findings of this review suggest that there is a somewhat 

limited body of research on physician reimbursement in oncology, but that most studies have 

found that reimbursement incentives are associated to some degree with the care received by 

patients with cancer in the United States.

Previous systematic reviews of physician responsiveness to financial incentives have focused 

on the primary care setting17,18 or thenon-USsetting.19 Moreover, much of the reviewed 

literature on financial incentives to physicians has focused on payment and incentive 

programs specifically intended to modify physician behavior (eg, pay for performance 

arrangements intended to increase use of particular primary care services or of high-value 

drug prescribing).17,19 In contrast, in this review we included both the intended and 

unintended consequences of payment structures already in place, rather than only programs 

designed to modify physician practice. We believe that this approach offers new insight 

into physician reimbursement. Not only can physician payment be considered a tool to 

drive practice improvement, but the consequences of payment policies not intended to alter 

clinical practice should also be carefully considered.

The idea that physicians may change their practice in response to financial incentives has 

ethical as well as practical implications. The American Medical Association Code of Ethics 

statement on conflicts of interest in medicine states that physicians may never“ place their 

own financial interests above the welfare of their patients,” and that this principle implies 

that they“ should not provide wasteful and unnecessary treatment that may cause needless 

expense solely for the physician’s financial benefit or for the benefit of a hospital or other 

healthcare organization with which the physician is affiliated.”50 Physicians may therefore 

be resistant to many of the findings included in this review, as the evidence of treatment 

in response to financial considerations may be perceived as a violation of ethical practice. 

Physicians have historically expressed skepticism that their individual practice could be 

influenced by financial considerations.10

Despite this skepticism, this review suggests that some physicians may be responsive to 

financial incentives in specific settings within the practice of oncology. Although existing 

ethical standards prohibit physicians from allowing personal financial gain to influence 

treatment decisions, it appears such ethical standards alone may be insufficient to constrain 

physician behavior. Given what we know from the psychological an deconomic sciences 

about the powerful role of incentives in shaping human behavior,51 expecting physicians 

to practice blind to incentives is unrealistic. The reimbursement incentives of cancer 

treatment may be particularly strong for physicians and practices facing financial hardship 

and attempting to remain solvent in the current landscape of health system consolidation 

and sequester-era reimbursement cuts.11 Certainly, a broader discussion of the ethical 

justification of physician response to financial incentives is warranted within the medical 

community.

This review highlights gaps in the literature. Most of the identified studies of systemic 

therapies analyzed past policy changes or payment models that are no longer in effect. The 

incentives present in the current, post-MMA “buy and bill” model are understudied and 

warrant further investigation, especially in light of the high prices of many targeted and 
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immunotherapy drugs. We identified several studies of radiotherapy that analysed receipt 

of any radiation or IMRT as the primary treatment outcome. The number of treatment 

fractions administered is another decision where financial considerations may be important, 

and should also receive further investigation.

Limitations

This study has limitations related to its scope. To maintain our focus on reimbursement 

incentives, we excluded studies comparing oncology practice patterns between different 

health care systems. Such comparisons would be limited by the many differences between 

health care systems other than payment structure that may contribute to practice changes 

(our rationale for exclusion), such as differences in institutional formularies, peer effects,52 

physician training,53 payer mix,54 and other variables known to affect cancer treatment; 

however, these studies may still provide additional insights into oncology reimbursement, 

which have been omitted from this review. Our findings should not be taken to imply 

that financial motivation is the only—or even a predominant—factor influencing physician 

practice in oncology. Many of the included studies found evidence that other factors 

appropriately drive treatment decisions, such as strength of clinical evidence for a 

treatment23 or patient disease characteristics.21 Our conclusions may be affected by 

publication bias if negative or null studies of reimbursement incentives in oncology were 

less likely to be published than positive ones. No included study had low ROB, owing to 

their observational, retrospective design; however, studies of reimbursement policies with 

low ROB (eg, randomized studies) may not be feasible.

We excluded 7 studies because of critical ROB. If included, these studies would have been 

unlikely to significantly affect the overall conclusions. Three of these studies analyzed 

the use of erythropoiesis-stimulating agents after a Medicare coverage change (each of 

which observed the hypothesized declines),46–48 2 studied ADT for prostate cancer after 

implementation of the MMA(both of which observed the hypothesized declines),43,44 and 

2 others studied the implementation of alternative payment models within small oncology 

health care networks (neither of which observed statistically significant changes in practice 

patterns in their overall analyses).45,49

Conclusions

From a practical standpoint, this review suggests that oncology reimbursement policy may 

beauseful mechanism by which to improve care quality and disincentivize over use and 

identifies several specific areas where in such policy action may be warranted. The literature 

suggests that self-referral for radiation oncology services is associated with increased 

use.26–30 Changing these practices, as advocated by the American Society for Radiation 

Oncology, may therefore result in both lower health care spending and prevention of 

adverse effects from potentially inappropriate treatment.15 Changes in surgical fees may 

result in Changes in the volume of procedures performed 21,38 and should be considered 

carefully in light of medical necessity and the potential to result in both undertreatment 

and overtreatment. In addition, evidence that higher reimbursement may lead oncologists 

to favour higher-priced anticancer agents 23,32,35 and use systemic therapy in potentially 
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harmful settings 34 provides a rationale to decouple reimbursement from drug price, such 

as under the Center for Medicare & Medicaid Innovation pilot proposal on Part B drug 

payment.55
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Key Points

Question

Do the financial incentives within oncology reimbursement affect physicians’ practice 

patterns?

Findings

In this systematic review of 18 studies that evaluated physicians’ response to 

reimbursement incentives across various clinical settings, most studies found evidence 

of an association between reimbursement incentives and delivery of cancer care. The 

ability to self-refer for radiation oncology services was associated with increased use of 

radiotherapy, and greater profitability of an anticancer drug was associated with increased 

use of that drug.

Meaning

How oncology care is reimbursed may affect clinical care delivery.

Mitchell et al. Page 14

JAMA Oncol. Author manuscript; available in PMC 2023 June 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure. 
Risk of Bias Assessment of Included Studies, Performed Using the Risk of Bias in Non-

Randomized Studies of Interventions Tool

The assessment of risk of bias domains classification of interventions and deviations from 

intended interventions indicated a low risk of bias for all studies and are not shown.
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