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Preface
In August 2013, the Centers for Medicare & Medicaid Services (CMS) issued a task order to The MITRE
Corporation (MITRE), operator of the CMS Alliance to Modernize Healthcare (CAMH) Federally Funded
Research and Development Center (FFRDC). The goal of this task order was to inform the development
of alternative payment models for specialty health care services. Claire Schreiber and Mary Kapp have
served as the Government Task Lead (GTL) for this work.
This report describes the results of a simulation analysis of a payment model for specialty oncology
services. The research addressed in this report was conducted in RAND Health, a division of the RAND
Corporation, under a subcontract to MITRE. A profile of RAND Health, abstracts of its publications, and
ordering information can be found at http://www.rand.org/health.
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Summary
This report describes the results of a simulation analysis of a payment model for specialty oncology
services that is being developed for possible testing by the Center for Medicare and Medicaid Innovation
at the Centers for Medicare & Medicaid Services (CMS). CMS asked The MITRE Corporation (MITRE),
operator of the CMS Alliance to Modernize Healthcare (CAMH) Federally Funded Research and
Development Center (FFRDC) and RAND to conduct simulation analyses to preview some of the possible
impacts of the payment model and to inform design decisions related to the model.

Data and Methods Used in the Simulation Analysis
The simulation analysis used an episode-level dataset based on Medicare fee-for-service (FFS) claims for
historical oncology episodes provided to Medicare FFS beneficiaries in 2010. Spending on those
historical episodes was inflated to 2016, which is the first year in which the proposed payment model
could be implemented. Under the proposed model, participating practices would continue to receive
FFS payments, would also receive per-beneficiary per-month (PBPM) care management payments for
episodes lasting up to six months, and would be eligible for performance-based payments based on perepisode spending for attributed episodes relative to a per-episode spending target. For the simulation
analysis, the care management payments were set at $160 PBPM; that amount has not yet been
finalized by CMS. RAND assumed that only practices providing 50 or more episodes of chemotherapy
treatment per year would consider participating and would be eligible to participate in the payment
model—these medium- and high-volume oncology practices account for 73 percent of all chemotherapy
episodes and 80 percent of total spending on chemotherapy episodes. Among those practices providing
50 or more episodes of treatment per year, 10 percent were assumed to participate in the payment
model. For participating practices, the simulation model was used to calculate care management
payments, a spending target, and actual spending, taking into account the fact that participating
practices have an incentive to reduce spending on attributed episodes. The simulation model was then
used to calculate performance-based payments, taking into account the practices’ behavioral response.

Conclusion
The simulation described in this report offers several insights into the proposed payment model for
oncology:
1. The care management payments used in the simulation analysis—$960 total per six-month
episode—represent only 4 percent of projected average total spending per episode (around
$27,000 in 2016), but they are large relative to the FFS revenues of participating oncology
practices, which are projected to be around $2,000 per oncology episode. By themselves, the
care management payments would increase physician practices’ Medicare revenues by roughly
50 percent on average. This represents a substantial new outlay for the Medicare program and a
substantial new source of revenues for oncology practices.
2. The use of performance-based payments requires the assignment of spending benchmarks, but
those benchmarks cannot reflect the desired counterfactual—i.e., spending per episode in the
absence of the payment model. Inaccuracies in benchmarks arise due to variation in individuals’
A product of the CMS Alliance to Modernize Healthcare
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health care spending that cannot be explained by case-mix adjusters. That unexplained variation
affects both the historical claims data used to set benchmarks and actual spending in the
performance period. As a result, the Medicare program will in some cases pay “noise bonuses”:
performance-based payments that are due to inaccurately low benchmarks rather than to
providers’ behavioral responses. The likelihood of noise bonuses would be reduced if the
payment model were limited to larger practices (e.g., 100 or more episodes).
3. For the Medicare program to break even, participating oncology practices would have to reduce
utilization and intensity by roughly 4 percent. (“Breaking even” in this case means that Medicare
spending per episode would be the same, with or without the payment model.) Based on
research on other similar payment models, a behavioral response of that magnitude may be
possible, but it is by no means certain.
4. The break-even point can be reduced—i.e., less of a behavioral response would be required for
the Medicare program to achieve savings—if the care management payments are reduced or if
the performance-based payments are reduced.
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1. Background
This report describes research related to the simulation of the possible effects of a payment model
for specialty oncology services. That payment model is being developed for possible testing by the
Center for Medicare and Medicaid Innovation at the Centers for Medicare & Medicaid Services (CMS).
This report builds on the methods and findings in a previous report on the design of an oncology
payment model by The MITRE Corporation (MITRE) and RAND (Huckfeldt et al., 2014; referred to
hereafter as the “Model Design Report”) that examined the design features of the oncology
payment model.
As described in the Model Design Report, episode-based payment, which aims to create incentives for
high-quality, low-cost care, has been identified as a promising alternative payment model for oncology
care (Bach, Mirkin, and Luke, 2011; McClellan et al., 2013). CMS has already implemented episodebased payment models in several settings. Under the Acute Care Episode (ACE) demonstration, which
was first implemented in 2009, physician-hospital organizations receive a single payment for surgical
episodes, including physician and facility services (Congressional Budget Office [CBO], 2012). As required
by the Affordable Care Act, CMS is implementing a voluntary Bundled Payment for Care Improvement
(BPCI) initiative, which expands on the ACE demonstration. Episode-based payments have also been
implemented nationally in Medicare for home health services and dialysis. Episode-based payment
systems can provide flexibility to health care providers to select among the most effective and efficient
treatment alternatives, including activities that are not currently reimbursed under Medicare payment
policies (Bach, Mirkin, and Luke, 2011). However, the model design also needs to ensure that highquality care is delivered and that beneficial treatments are not withheld from patients.
CMS asked MITRE and RAND to conduct analyses to inform design decisions related to an episode-based
oncology model for Medicare beneficiaries undergoing chemotherapy treatment for cancer. Based on
an analysis by the Moran Company of 2008–2009 Medicare claims data, McClellan et al. (2013) report
that chemotherapy and its administration account for approximately 20 percent of Medicare spending
on oncology care. The remaining 80 percent of spending includes surgery, radiation therapy, and
ongoing management and surveillance; spending in these areas was also studied as part of our analyses.

Description of the Payment Model
CMS is developing an Oncology Care Model (OCM) that is intended to create financial incentives that will
promote high-quality care while reducing program expenditures. To be eligible to participate in OCM,
oncology practices would need to have certain capabilities, such as 24-hour access to a clinician and
electronic health records, and they would have to commit to participating in the model for up to five
years. CMS intends for other payers to participate in the payment model as well, so that participating
practices will face similar payment incentives for Medicare and non-Medicare patients. Participating
practices will be eligible for two additional payments for each episode of oncology care, in addition to
standard fee-for-service (FFS) payments:
1. Each practice will receive a per-beneficiary per-month (PBPM) care management fee for each
episode of chemotherapy. The care management payments are intended to support provision of
enhanced services and could be invested in additional staffing (such as patient navigators) and
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infrastructure (such as electronic health records) or in management and care coordination
services that are not separately billable under the physician fee schedule.
2. Practices will be eligible for performance-based payments if they have satisfactory quality
metrics and if their spending per chemotherapy episode falls below a target. The methodology
for assigning those spending targets has not been finalized. Practices’ participation in OCM
could be terminated by CMS after three years if they fail to demonstrate savings.
OCM will include two options for performance-based payments: “one-sided” and “two-sided.” Under
both options, each practice will be assigned a per-episode spending target. The one-sided option is
“upside only,” meaning that practices would receive performance-based payments if they meet quality
metrics and their actual spending falls below the target. Under the two-sided option, practices face
upside and downside financial risk, and they could receive performance-based payments or could be
liable for amounts owed to CMS if spending exceeds the target. For practices fully satisfying quality
benchmarks, the performance-based payments would equal 100 percent of the difference between
target spending and actual spending. OCM would include a ceiling on the possible performance-based
payments (e.g., performance-based payments would be capped at 20 percent of the spending target)
and, in the two-sided option, a limit on amounts owed to CMS. There are at least two rationales for
including those limits:
1. They reduce the financial risks of the payment model—both for the Medicare program and for
participating practices.
2. They somewhat dampen the incentives for practices to either stint on necessary care or select
an unusually healthy patient population.
CMS is continuing to refine the payment model, and some design features have not been finalized, such
as the method for assigning spending benchmarks to participating practices. To the extent possible, the
simulation modeling followed CMS’s description of the proposed model, although with several
simplifying assumptions. The simulation analysis only included Medicare patients, and so it does not
reflect participation by other payers or any possible impacts among non-Medicare patients. For the
simulation analysis, the model design features were as follows: Episodes of chemotherapy care began
with initiation of chemotherapy and ended six months later, and they included all Medicare-covered
services and prescription drugs provided in that window. Practices with Medicare FFS beneficiaries
initiating chemotherapy (as defined in the Model Design Report) for cancer were eligible for
participation. Although the proposed payment model would not include a minimum volume of oncology
episodes per se, for the simulation modeling we assumed that only practices with 50 or more oncology
episodes in a year would be eligible to participate. The simulation analysis focuses only on 2016—the
first performance year—and does not include any modeling of changes in behavior over time or
termination of OCM for practices that fail to demonstrate savings.
The simulation analysis included eight prevalent types of cancer: breast cancer, colorectal cancer,
leukemia, lung cancer, lymphoma, ovarian cancer, pancreatic cancer, and prostate cancer. As described
in the Model Design Report, episodes of chemotherapy treatment were attributed to physician group
practices using a prospective attribution rule that attributed each patient to the practice responsible for
the trigger chemotherapy claim (i.e., the claim that is used to identify the initiation of the chemotherapy
treatment episode). Each patient in the simulation had one six-month episode of chemotherapy. The
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services included in the episode included chemotherapy treatment and all other Medicare-covered
services provided to the patient during that six-month episode. The episode began with the start of
chemotherapy treatment and ended at six months or earlier if the patient died or disenrolled from the
FFS program.
The simulated payment model included a $160 monthly PBPM care management fee and one-sided
performance-based payments for practices with episode costs falling below a target. The amount of the
PBPM payments has not yet been finalized. However, $160 was used to simulate the effects of the
PBPM payments for the purposes of this report. In the simulation, we did not include specific quality
measures. Based on CMS’s description of the proposed model, we used the simplifying assumption that
participating practices received 90 percent of the potential performance-based payment, with the
remaining 10 percent representing payments withheld due to subpar performance on quality metrics.
In the simulation analysis, each practice was assigned a simulated spending benchmark based on its
historical costs per episode and a simple case-mix model that includes the patient’s age, state of
residence, dual status, and type of cancer. The approach to assigning benchmarks has not been finalized
by CMS and may include regional or national data on historical episode costs. In the one-sided option,
the spending target equals a benchmark minus 4 percent, while under the two-sided option the target
equals the benchmark minus 2.75 percent. Under the one-sided option, practices may receive
performance payments equal to 100 percent of the amount by which actual spending falls below the
target, while in the two-sided option practices keep or pay 100 percent of the difference between their
actual spending and their target. Under both options, performance-based payments (or amounts owed
by the practice under the two-sided model) were capped at 20 percent of the target. In addition to the
care management fee and the performance-based payments, the simulated payment model assumed
that all other FFS Medicare payments for services continued as usual.

Report Overview
Simulation modeling can assist in the development of payment models by assessing the impacts of
various design features. The simulation model integrates three types of information:
1. historical data on spending on chemotherapy episodes, including the variation in spending
across episodes and physician practices;
2. the model design features, converted into parameters that can be entered into the simulation
model; and
3. the range of likely behavioral responses, based on evidence from the literature.
However, because the evidence available to inform potential behavioral responses is limited, the
simulation results here focus on a simple set of potential behavioral responses and outcomes.
The simulation focuses on predicting Medicare spending under the payment model scenarios. We do
not simulate other potential outcomes, such as changes in patient health outcomes.
This report is organized as follows. In Chapter 2, we describe the construction of an episode-level
“baseline” dataset that reflects our projection of spending patterns for chemotherapy episodes in 2016
in the absence of the payment model. In Chapter 3, we describe the methods for simulating provider
participation, behavioral responses to the payment model, and Medicare program payments. In Chapter
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4, we summarize some of the evidence from the literature on the range of possible behavioral responses
to the payment model. In Chapter 5, we summarize the key outputs of the simulation model—simulated
total spending on chemotherapy episodes and simulated oncology practice revenues—using different
combinations of model design features and assumed behavioral responses. In Chapter 6, we present the
results of alternative model designs. In Chapter 7, we provide conclusions.
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2. Construction of an Episode-Level “Baseline” Dataset
As the basis for the simulation modeling, we created an episode-level dataset based on all episodes of
chemotherapy initiation for Medicare beneficiaries in 2010 for the eight targeted types of cancer, as
described in the Model Design Report (Huckfeldt et al., 2014). We used the first chemotherapy drug
claim in 2010 (with no prior claims within six months) as the marker of the initiation of an episode of
care. For the simulation, episodes terminated six months after initiation or earlier if the beneficiary died.
That episode length was chosen in consultation with CMS, taking into account RAND’s analysis of the
patterns of spending over time relative to initiation of chemotherapy episodes. The Model Design
Report describes many other options for terminating episodes and explores some of the implications of
using episodes of different lengths. The dataset included information on the beneficiary’s demographics
and location of residence, the type of cancer (based on International Classification of Diseases, Ninth
Revision [ICD-9] primary diagnosis codes reported on claims), actual spending on the episode, and the
attributed practice, with spending amounts inflated to 2016. That episode-level dataset is referred to as
the “baseline,” meaning that it represents our projection of the patterns of treatment and spending on
oncology episodes in the absence of the proposed payment model. The baseline dataset did not include
some pieces of information that CMS would use to implement the payment model, such as measures of
beneficiary health status and comorbidity and measures of oncology practice characteristics and quality
of care. The simulated effects of the payment model are calculated by comparing simulated treatment
and spending patterns against this baseline.

Data Sources
The primary data source for the baseline dataset was Medicare claims data from the Chronic Conditions
Warehouse (CCW) for 100 percent of Medicare FFS beneficiaries in 2009–2012. We used claims data for
all types of Medicare covered services, including the Carrier, 1 Medicare Provider Analysis and Review
(MedPAR), Outpatient, Durable Medical Equipment (DME), Home Health, Hospice, and Part D files. We
also used the Master Beneficiary Summary File as a source of information on beneficiary demographic
characteristics and Medicare eligibility.
In practice, all cancer types will be included in the oncology payment model, although the less-prevalent
cancers may be excluded from the calculation of performance payments. The simulation model only
included episodes assigned to one of eight prevalent types of cancer (see Table 2.2). Each episode was
attributed to a physician and a physician practice as described in the Model Design Report. We used Tax
Identification Numbers (TINs) to identify physician group practices.

Spending Categories
For the purposes of the simulation model, spending was grouped into 11 categories, shown in Table 2.1.
Spending in each of those categories was inflated from 2010 to 2016 using a category-specific inflation
factor (see the appendix for details). The spending categories also varied in the share of total spending

1

The Carrier file comprises claims for services rendered by noninstitutional providers.
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that was treated as net revenue to the attributed oncology practice (also shown in Table 2.1). Those
simulated physician practice revenues are used as a rough benchmark for comparison with the proposed
new revenue sources under the payment model. All of the revenues from administration of
chemotherapy were treated as revenues to the physician practice, as were revenues from evaluation
and management (E&M) services provided by the attributed practice. For non–Part D chemotherapy, 6
percent of total spending was treated as revenues to the physician practice, which reflects Medicare’s 6percent markup to the average sales price for physician-administered drugs. For the remaining
categories, none of the spending was treated as revenue to the physician practice.
Table 2.1. Spending Categories in the Episode-Level Dataset
Spending Category

Inflation Factor
(2010 to 2016)

Share of
Spending
Treated as
Revenue to the
Attributed
Practice

Mean Spending per
Episode (2016)

Mean Physician
Practice Revenue
per Episode (2016)

Chemotherapy, office-based

1.35

6%

$5,054

$303

Administration of office-based
chemotherapy

1.06

100%

$483

$483

Chemotherapy, hospital
outpatient or DME

1.35

6%

$2,699

$162

Chemotherapy, Part D

1.35

0%

$766

$0

Administration of chemotherapy,
hospital outpatient

1.22

100%

$377

$377

Evaluation and management by
attributed physician practice

1.06

100%

$450

$450

Professional services provided
by non-attributed practices

1.06

0%

$3,088

$0

Emergency department visits
(facility fee)

1.22

0%

$204

$0

Hospital inpatient and outpatient
services (other than emergency
department)

1.15

0%

$8,086

$0

Radiation therapy

1.22

0%

$2,477

$0

All other services (hospice,
skilled nursing, home health,
etc.)

1.02

0%

$2,957

$0

All

n/a

6.7%

$26,641

$1,776

SOURCE: Authors’ analysis. The inflation factors are calculated from Bureau of Labor Statistics Producer Price
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Indices, extrapolating 2010–2014 price growth from to 2016. The spending amounts are calculated from the episodelevel baseline dataset.

The simulation model has the capability to allow each of these spending categories to be impacted
differently by the payment model. In practice, the evidence in the literature is not sufficiently finegrained to support separate estimated effects for each of those spending categories.

Description of Episodes Used in the Simulation Analysis
The episode-level dataset includes 330,647 oncology episodes, with a mean baseline spending per
episode in 2016 of $26,641 (Table 2.2). Prostate cancer and breast cancer are by far the most common,
and least expensive, types of cancers. Prostate cancer, in particular, stands out for its low mean
spending per episode ($12,968) and its very low mean physician practice revenue per episode ($353).
Table 2.2. Cancer Types Included in the Simulation Modeling
Cancer Type

Number of Episodes

Mean Spending (2016)

Mean Physician
Practice Revenue
(2016)

Breast cancer

79,700

$17,720

$1,163

Colorectal cancer

30,223

$41,192

$3,737

Leukemia

13,856

$44,847

$2,919

Lung cancer

51,913

$40,193

$2,743

Lymphoma

30,666

$45,558

$3,404

Ovarian cancer

10,235

$30,007

$2,833

Pancreatic cancer

9,329

$40,883

$3,025

Prostate cancer

104,725

$12,968

$353

All

330,647

$26,641

$1,776

NOTES: Spending is inflated to 2016. For detailed definitions of cancer types, see the Model Design Report.
SOURCE: Authors’ analysis of the episode-level baseline dataset.

We used the number of chemotherapy episodes as a measure of the volume of the physician group’s
oncology practice. As will be discussed in more detail below, volume plays two important roles in the
payment model:
1. Practices with only a handful of oncology episodes are likely not to be true oncology practices.
Based on RAND’s analysis of practice characteristics and volume of oncology episodes, practices
with low volumes (fewer than 50 episodes) tend to be either primary care or urology practices,
whereas practices with moderate or high volumes tend to be oncology practices. Primary care
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practices or urology practices may initiate a handful of oncology episodes, but those practices
may be less likely to participate in the oncology payment model.
2. Oncology volume also matters because it is more difficult to make an accurate comparison of
actual per-episode spending versus benchmarks in practices with lower volume. That difficulty
reflects the fact that medical spending varies widely from episode to episode, even within a
single practice, due to “sampling error”: variation in individuals’ health care utilization and
spending that is impossible to account for fully in a case-mix model. Under the one-sided
payment model, sampling error in setting benchmarks and measuring actual performance can
result in performance-based payments, even in the absence of any “true” savings (meaning a
reduction in utilization that results from the practice participating in the model). Under the twosided payment model, sampling error creates financial risks for participating practices as well.
As shown in Table 2.3, over 70 percent of practices with attributed oncology episodes had fewer than
five attributed episodes in 2010. Many of these low-volume practices are likely not true oncology
practices, and these practices only accounted for 6 percent of all episodes and only 4 percent of all
chemotherapy spending. Most episodes of chemotherapy were provided by practices with moderate
volume, meaning those providing between 50 and 999 oncology episodes. Although only about 5
percent of practices provided 100 or more episodes, those higher-volume practices accounted for the
majority of all episodes and spending.
Table 2.3. Distribution of Oncology Practice Volume
Number of
Episodes
Provided by
Practice

Number of
Practices
(share of
practices)

Number of
Episodes (share
of episodes)

Cumulative
Share of
Episodes

Spending
(millions, 2016,
share of total
spending)

Cumulative
Share of
Spending

Mean
Spending
per Episode

<5

13,726 (71%)

20,167 (6%)

6%

332 (4%)

4%

$16,454

5–9

1,524 (8%)

10,019 (3%)

9%

178 (2%)

6%

$17,759

10–19

1,250 (6%)

17,185 (5%)

14%

353 (4%)

10%

$20,514

20–49

1,281 (7%)

40,562 (12%)

27%

922 (10%)

20%

$22,719

50–99

759 (4%)

54,400 (16%)

43%

1,422 (16%)

36%

$26,134

100–249

560 (3%)

85,792 (26%)

69%

2,484 (28%)

65%

$28,956

250–999

212 (1%)

83,982 (25%)

94%

2,507 (28%)

93%

$29,857

1,000+

10 (<1%)

18,540 (6%)

100%

612 (7%)

100%

$32,993

19,322 (100%)

330,647 (100%)

All

8,809 (100%)

$26,641

NOTES: “Practices” are defined by the attributed TIN (see Model Design Report).
SOURCE: Authors’ analysis of the episode-level baseline dataset.
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3. Structure of the Simulation Model
For each episode, we simulate a spending amount in 2016, the formula for which is shown in the
appendix. The first step in the simulation is to assign a per-episode spending benchmark to each
practice. The next step is simulating whether each practice participates in the model. That participation
decision reflects the practice’s volume of oncology episodes. In a sensitivity test, the probability of
participation is modeled as an increasing function of the generosity of the per-episode spending
benchmark; this sensitivity test reflects a situation in which practices know, or can anticipate, that their
benchmarks are overstated. Once the participation decision has been simulated, we then simulate the
behavioral response (i.e., the change, if any, in the utilization of services as a result of participating in
the model), the care management payment, and the performance-based payment. The care
management payment is the simplest to model: It equals $160 multiplied by the number of months in
the episode, up to six.

Simulating Performance-Based Payments
The performance-based payment is simulated based on each practice’s per-episode spending target and
its actual per-episode spending, taking into account the care management payment and any behavioral
response. The comparison of actual and target spending is based on practice-level average spending per
episode, not episode by episode. The payment model allows practices to select either a one-sided
option (upside only) or a two-sided option beginning in year three of the model (upside and downside,
meaning that practices can earn performance payments or owe the Medicare program). Our simulation
modeling only incorporates the one-sided option, based on RAND’s assessment that few practices will
elect the two-sided option. Electing the two-sided option can increase the performance-based payments
by up to 1.25 percent of the target (i.e., the difference between 4 percent and 2.75 percent), but it also
puts the practice at risk for paying up to 20 percent of the target back to CMS. For many practices, 20
percent of the spending target—i.e., the amount potentially owed to CMS—would exceed their
Medicare FFS revenues from providing oncology care. Practices would only elect the two-sided option if
they were very confident that their spending would fall below the target. We do not expect that many
practices would feel that level of confidence, due to the high degree of variability in spending on
chemotherapy episodes, the large amounts potentially owed, and due to the uneven experience with
new payment models documented in the literature.
A simulated performance-based payment per episode was calculated for each practice:

(eq. 1)

Where
equals the per-episode target spending for practice j
ceiling is a limit on the upside performance-based payment as a percent of the target
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floor is a limit on the downside performance-based amounts owed as a percent of the target
share is the share of the “savings” (or excess spending) that is paid to the practice (or owed by
the practice)

is the ratio of actual per-episode spending by practice j to target per-episode spending for
practice j
discount is a minimum share by which actual spending per episode must fall below the target
before attributing savings to the practice.
Based on CMS’s descriptions of the proposed model and the assumption that all practices would elect
the one-sided option, RAND assigned ceiling a value of 0.2, floor a value of 0 (i.e., no downside), share a
value of 0.9 (reflecting the assumption that 90 percent of participating practices receive a 100 percent
performance payment and 10 percent are deemed ineligible to receive a performance payment), and
discount a value of 0.04.
One of the key steps in the simulation analysis is assigning target spending per episode to each practice,
targ j. We assumed that each practice will be assigned a spending target based on the complexity of the
cases and patients it treats in the performance year (“case mix”) and on the actual case mix and
costs of patients treated by that practice during an earlier historical period. That spending target will be
used to determine performance-based payments.

Assignment of a Simulated per-Episode Spending Target to Each
Practice
Our approach to simulating the per-episode spending target for each practice was to begin with actual
spending per episode in 2016 (i.e., 2010 spending inflated to 2016) for each practice and then apply a
“forecast error.” The forecast error is included to account for the fact that projecting health care
spending is inevitably imprecise, particularly for small populations. Each practice’s costs per episode—
both in the baseline historical period and in the performance period—will include substantial sampling
error, due to the high degree of underlying variability in health care spending on individuals receiving
chemotherapy.
In the one-sided option, forecast errors will tend to raise Medicare spending; for a discussion of this
general phenomenon, see the Congressional Budget Office (1999). In the one-sided option, Medicare
will make performance-based payments to practices with overestimated targets but will not recoup any
amounts from practices with underestimated targets. In the two-sided option, forecast errors will not
tend to raise or lower Medicare spending, but they will create financial risks for participating practices.
Our approach to simulating the forecast error is described in more detail in the appendix. Briefly, we
randomly split each practice’s episodes from 2010 into two roughly equally sized groups and then
measured the practice’s estimated case-mix-adjusted historical costs for those two groups of patients.
By assumption, the practice applied the same practice patterns and drew from the same patient pool for
those two groups of patients—in statistical terms, they are two independent samples from the same
population. Therefore, we used the differences between estimated per-episode practice costs for those
A product of the CMS Alliance to Modernize Healthcare

10

Specialty Payment Model Opportunities and Assessment: Oncology Simulation Report

two groups to simulate the forecast error. This approach does not reflect how CMS will actually calculate
benchmarks in practice, but it is useful for quantifying the range of magnitude of the forecast errors and
their impacts on Medicare spending.
Figure 3.1 illustrates the distribution of simulated forecast errors in setting practice-level per-episode
spending targets and the relationship between those errors and the practice’s volume of oncology
episodes. Forecast errors vary widely, especially for practices with lower volumes of oncology episodes.
Among practices with 50 or more episodes—i.e., those assumed to be large enough to participate in the
model—two groups are highlighted in the outlined boxes in the figure. The first group of practices
receives unearned “noise” bonuses, meaning that the forecast error overestimates their actual spending
by an amount large enough that they would be eligible for performance-based payments even if they
did nothing to reduce spending. The second group of practices would not receive earned bonuses,
meaning that the forecast error underestimates their actual spending by an amount large enough that
they may be ineligible to receive a performance-based payment even if they reduce spending
substantially (i.e., enough to offset the case management payments and achieve an additional 4 percent
in savings). Among practices providing 50 or more episodes, 11 percent of practices receive “noise”
bonuses and a similar share would not receive earned bonuses. In the two-sided option, every
participating practice would be impacted by forecast errors—they would either increase the
performance-based payments received by the practice or decrease the amounts owed to Medicare by
the practice.
CMS is continuing to develop the methodology for assigning benchmarks, and there are several
approaches that might reduce forecast errors. Unfortunately, none is perfect. One approach is to use
multiple years of historical spending data for each practice. This approach increases the number of
episodes used in the calculations of historical spending, but it does not address the fact that spending in
the performance year will inevitably include noise due to random variation in patients’ medical needs
that cannot be captured in a case-mix adjustment system. Including multiple years of historical data also
introduces a new source of error due to extrapolation of spending trends over longer periods of time.
Another approach is to blend each practice’s historical spending with historical spending from other
practices that are located in the same region or are similar in some other way. The blended approach
could substantially dampen the sampling error in the measurement of historical spending per episode,
but there will still be sampling error in spending in the performance year. Blending may also introduce
biases if the practices used in the blend tend to be systematically more or less costly than the
participating practices. For example, practices that are unusually efficient or that treat an unusually
healthy patient population may be the ones that choose to participate in the payment model.
One major potential source of forecast error is a divergence between projected and actual trends in
inflation in spending per episode. Practices would, almost certainly, prefer to be informed of a fixed
spending benchmark for each type of episode in advance of deciding whether to participate in the
payment model. But fixing the benchmark well in advance of the performance period makes the
payment model highly vulnerable to errors in inflation forecasts, which have the potential to be large
relative to discount factor. The CMS Office of the Actuary (2011) has analyzed the accuracy of its
projections of national health expenditures from 1997 through 2009 and found a mean absolute error in
projected annual growth rates of around 1 percent, with even larger mean absolute errors in projections
of prescription drug spending. Overprojections of that magnitude, if compounded over three or four
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years, could result in large numbers of practices receiving performance bonuses even if they do nothing
to reduce spending on the episodes they provide. Furthermore, for reasons that are not fully
understood, annual growth in Medicare spending per beneficiary since 2010 has been several
percentage points lower than projections by analysts at CMS and CBO. This surprisingly slow growth
demonstrates the possibility that projected spending trends may be significantly overstated. Given the
difficulties in projecting spending trends, even over relatively short periods, one alternative is to assign
benchmarks to each practice after they have committed to participate but before the performance
period; that approach would shorten the period over which inflation is projected and, therefore, the
potential magnitude of inflation-based forecast error. A second alternative is not to provide practices
with spending benchmarks before they decide to participate and only calculate benchmarks after the
performance period is over to reflect actual inflation. This option minimizes errors in inflation forecasts
but introduces delays in the calculation and distribution of performance payments, and it creates
substantial uncertainty for practices and turns the benchmarks into moving targets.
Figure 3.1. Simulated Errors in Spending Targets: Implications for Bonuses in One-Sided Option

Simulation of Participation Decision
We assumed that participation in the payment model is voluntary. To simulate participation in the
model, we first assumed that the very smallest practices (those providing fewer than 50 chemotherapy
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episodes) would not participate. Those small practices are not true oncology practices in many cases,
they would likely face difficulties in meeting the practice capability requirements, and they would likely
perceive the potential benefits from participating to be small relative to the administrative effort
required to participate.
Among practices providing 50 or more episodes, we assumed a participation rate of 10 percent, with
practices drawn randomly; that participation rate was chosen to be roughly consistent with assumptions
in CMS’s internal planning documents. The actual participation rate could be significantly higher or
lower, depending, in part, on details of the payment model that have not yet been finalized. In a
sensitivity test, we assumed instead that the probability of participating would be positively related to
the forecast error—in other words, practices whose spending target was overstated were assumed to be
more likely to participate. Practices might be able to anticipate that benchmarks will be overstated if, for
example, those benchmarks are based on a blend of the practice’s own historical costs and local average
costs, and the practice tends to treat a relatively uncomplicated set of patients.
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4. Evidence from the Literature on the Range of Possible
Behavioral Responses
There are four lines of research findings that can help inform our expectations regarding the possible
impacts of participation in the payment model on total spending (Table 4.1):
1. patient-centered medical homes (PCMHs);
2. oncology treatment guidelines or “clinical pathways” for treatment of specific types of cancer;
3. episode-based payments for oncology; and
4. shared savings models and accountable care organizations.
The proposed payment model for oncology combines some of the elements of a PCMH and a shared
savings model. Although the payment model does not incorporate a requirement that participating
practices adhere to clinical pathways, experience with those programs offers some insight into the range
of possible responses under the proposed model.
Table 4.1. Key Studies to Inform Modeling of Behavioral Responses
Study Types
PCMH

Study Description
PCMH

Friedberg et al. (2014)

Setting: 32 voluntarily enrolling
primary care practices.

Fifield et al. (2013)

Setting: 18 volunteer primary care
practices.

PCMH

Estimated impact on total spending:
increases of 8–9% in total,
depending on the year (not
Intervention: technical assistance and statistically significant).
bonus payments for achieving
National Committee for Quality
Assurance PCMH recognition.

Intervention: “tailored practice
redesign support” and per member
per month bonus payments.
Werner et al. (2013)

Study Results

Setting: 8 invited primary care
practices in New Jersey.
Intervention: infrastructure funding, a
care management fee, quality- and
utilization-based performance
payments.
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“There was no cost savings
observed on any cost-of-care
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increase of 2% (not statistically
significant).
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Study Types
Maeng et al. (2012)

Study Description

Study Results

Setting: 43 primary care clinics in the
Geisenger system.

Estimated impact on total spending:
Decreases from 3% to 11%,
depending on the statistical model
and the patient’s exposure to the
PCMH.

Intervention: clinics converted to
PCMH between 2006 and 2010;
changes include care management
and pay-for-performance
reimbursement.
Reid et al. (2010)

Setting: one Seattle clinic chosen as a
“proof of concept” by Group Health
Cooperative.

Estimated impact on total spending:
decrease of 2% (marginally
statistically significant).

Intervention: “a whole-practice
transformation,” including increased
staffing and new care management
practices.
Paustian et al. (2014)

Setting: primary care practices in
Michigan.
Intervention: practices increased
PCMH capabilities from 2009 to 2010.

Oncology “pathways”
Kreys et al. (2013)

Estimated impact on total spending
(full vs. no capabilities): decrease of
8 percent for adults (marginally
statistically significant), and an
increase of 8% for children
(marginally statistically significant).

Oncology “pathways”

Oncology “pathways”

Setting: oncologists volunteering to
participate in a pathways program run
by CareFirst BlueCross BlueShield of
Maryland.

Estimated impacts: savings of
around $6,500 per patient treated,
calculated by comparing actual
spending against projected trend.

Intervention: participating practices
received increased fees based on
compliance.
Hoverman et al. (2011)

Setting: oncologists in the US
Oncology network, or treating patients
in the MedStat MarketScan database.
Retrospective observational study (no
intervention).

Neubauer et al. (2010)

Setting: 8 oncology practices treating
non-small-cell lung cancer.
Retrospective observational study (no
intervention).

Episode-based payments for
oncology

Episode-based payments for oncology
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Study Types
Newcomer et al. (2014)

Study Description
Setting: 5 oncology groups
volunteering to participate in a 3-year
pilot operated by UnitedHealthcare.
Intervention: Episode-based payments
for case management, predefined
chemotherapy regimens, and
chemotherapy drugs paid at average
sales price (ASP): ASP+0%.

Shared savings
Vats et al. (2013)

Estimated differences in spending
(patients treated in the pilot versus
predicted FFS costs): reduction of
34% in overall costs, but increase of
179% in chemotherapy drug costs.

Shared savings

Shared savings

Setting: 3 volunteer primary care
practices.

Estimated impact on total spending:
decreases of 6–8%, depending on
the year (not statistically significant).

Intervention: Stipends for practice
reform, switch from FFS to bundled
payments for episodes of care with
performance bonuses.
L&M Policy Research (2013)

Study Results

Setting: 32 Medicare Pioneer
accountable care organizations
(ACOs).

Estimated impact on total spending:
decrease of 2%.

Intervention: ACOs became eligible for
performance-based shared savings.
SOURCE: Authors’ analysis.

In general, the evidence from the literature offers only limited guidance as to what to expect under the
proposed payment model. Based on the results from the PCMH interventions, it seems unlikely that
offering care management fees for qualifying practices will, by itself, produce significant savings. But the
results of the pathways interventions suggest that there are some opportunities for practices to choose
lower-cost chemotherapy regimens. And the results from the shared savings interventions suggest that
financial incentives, which are similar to the performance-based payments in the proposed oncology
model, can result in savings, albeit modest. Two factors in the proposed model strengthen participating
practices’ financial incentives to achieve savings:
1. the opportunity to earn performance-based payments, which can be sizeable relative to the
practice’s overall revenues; and
2. the potential loss of care management payments if a practice’s participation is terminated by
CMS because it fails to demonstrate savings.
But, at the same time, the care management payments in the proposed model are large enough that
they may encourage participation by practices that do not intend to attempt to earn performance-based
payments.
Because the evidence is limited, for all of our simulated spending results we present three sets of
simulated outcomes using three different assumed behavioral responses: “no behavior,” meaning no
change in the quantity and intensity of services provided, and “5-percent reduction” and “10-percent
reduction,” meaning that the quantity and intensity of all services is reduced proportionally across all
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service categories by those amounts. Ideally, the simulation model would incorporate service category–
specific behavioral responses, but the evidence was inadequate to justify that level of granularity.
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5. Simulated Spending Impacts
In Figure 5.1, we present the simulated total Medicare spending on episodes of chemotherapy
provided by participating practices. Three scenarios are reported: “no behavior” (i.e., oncology practices
do not change the quantity or intensity of services provided in response to participating in the model),
“5-percent reduction” (i.e., oncology practices reduce the quantity and/or intensity of services in a way
that results in 5-percent lower Medicare FFS spending for the episode), and “10-percent reduction.”
Under the no-behavior scenario, we estimate that total spending is increased by 4 percent, which
reflects the fact that all participating oncology practices are receiving care management payments and
some are receiving “noise bonuses,” as described previously. Of the 4-percent increase in total spending
in the no-behavior scenario, 90 percent is due to care management payments and the other 10 percent
is due to noise (i.e., unearned) bonuses. In the 5-percent-reduction scenario, total spending is slightly
below the baseline, indicating that the program has broken even. Total spending in the 10-percentreduction scenario is about 5 percent lower than baseline spending.
Figure 5.1. Medicare Spending on Chemotherapy Episodes Provided by Participating Practices

SOURCE: Authors’ analysis.
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Although the simulated impacts of the payment model on total spending are fairly modest—ranging
from +4 percent to -5 percent—the payment model would have a different and much more significant
impact on the revenues of participating physician practices. The larger relative impact on physician
practice revenues reflects the fact that physician revenues only represent around 7 percent of total
spending on chemotherapy episodes. As shown in Figure 5.2, total revenues to physician practices
increase substantially under all three behavioral scenarios, due both to the care management payments
and the performance-based payments. Consistent with the goals of the proposed payment model, the
total revenues to the practice increase with larger behavioral responses, which indicates that the
increase in performance-based payments more than offset the loss in FFS revenues to the practice.
Figure 5.2. Simulated Medicare Revenues at Participating Practices

SOURCE: Authors’ analysis.

Overall, simulated revenues to participating physician practices would increase by over 50 percent,
from around $2,000 to $3,000, but that aggregate figure masks a very wide distribution among
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practices. 2 As shown in Figure 5.3, there is a large concentration of practices that would experience an
increase in revenues between 20 percent and 60 percent. But there is also a very long right tail, meaning
that for a few practices, their revenues would double, triple, or increase even more. These very large
changes in revenues occur partly because some practices have very low revenues in the baseline and
some practices receive very large simulated performance payments.
Figure 5.3. Distribution of Simulated Changes in Practice-Level Revenues

SOURCE: Authors’ analysis.

2

Including all practices, mean projected physician practice revenues per episode are $1,776 in 2016. Mean
projected physician practice revenues per episode are higher—$1,989—if the analysis is limited to practices
providing 50 or more episodes. The difference between those means reflects the fact that low-volume practices
tend to receive lower revenues per episode than high-volume practices.
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6. Alternative Model Designs and Participation Assumptions
To explore the implications of alternative model designs, we ran the simulation model using four
alternative designs:
1. a minimum practice volume of 100 episodes (rather than the assumed effective minimum of 50
episodes);
2. a performance-based payment share of 50 percent (rather than 100 percent);
3. a 10-percent ceiling on the performance-based payment (rather than 20 percent); and
4. a monthly care management payment of $80 (rather than $160).
Increasing the minimum practice volume reduces the potential for payment of “noise bonuses,” while
the second and third alternatives would reduce both “noise bonuses” and earned performance
payments (meaning payments due to reductions in utilization and/or intensity). For each of those
alternatives, total spending and physician practice revenues were simulated using three behavioral
responses: no behavior, 5-percent reduction, and 10-percent reduction.
As shown in Table 6.1, each of the alternative designs reduces the “break-even” point, meaning that a
smaller behavioral response would be required in order for total spending to be equal to or less than
under baseline. Reducing the care management payment to $80 has the largest impact (the break-even
point drops from 3.8-percent savings to 2.2-percent savings), while increasing the minimum practice
volume to 100 has the second-largest impact (the break-even point drops from 3.8-percent savings to
3.4-percent savings).
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Table 6.1. Alternative Model Designs
Minimum PerformanceCeiling on
Care
Practice
Based
Performance- Management
Volume
Payment
Based
Payment per
(number of
Share
Payment
Month
episodes)
50

90%

20%

$160

BreakEven
Point 3

3.8%

(base case)

100

50

50

3

90%

45%

90%

20%

20%

10%

$160

$160

$160

3.4%

3.5%

3.7%

Behavioral
Response

Simulated
Impact on
Total
Spending

Simulated
Impact on
Physician
Practice
Revenues

No behavior

3.5%

51.3%

5%
reduction

–1.1%

51.6%

10%
reduction

–5.1%

62.1%

No behavior

3.3%

47.5%

5%
reduction

–1.5%

46.0%

10%
reduction

–5.6%

54.4%

No behavior

3.3%

48.8%

5%
reduction

–1.5%

46.5%

10%
reduction

–5.9%

49.3%

No behavior

3.5%

51.0%

5%
reduction

–1.2%

50.7%

10%
reduction

–5.3%

59.1%

The break-even point is the size of the behavioral response that corresponds to the payment model having no
impact on total spending, where the behavioral response is an across-the-board reduction in utilization.
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Minimum PerformanceCeiling on
Care
Practice
Based
Performance- Management
Volume
Payment
Based
Payment per
(number of
Share
Payment
Month
episodes)
50

90%

20%

$80

BreakEven
Point 3

2.2%

Behavioral
Response

Simulated
Impact on
Total
Spending

Simulated
Impact on
Physician
Practice
Revenues

No behavior

2.0%

29.6%

5%
reduction

–2.5%

31.7%

10%
reduction

–5.9%

50.6%

SOURCE: Authors’ analysis.

Selective Participation
In the base case, the simulation model assumes random practice participation, meaning that practices
have an equal probability of participating regardless of their spending target. Physician practices with
relatively high benchmarks may have a higher probability of participating, if they can anticipate that
those benchmarks will be relatively high. In practice, it is unlikely that practices will have access to the
data and the analytical resources required to predict their benchmarks before they choose to
participate. Practices may, however, be able to anticipate that benchmarks will be relatively high if the
inflation factors that are applied to historical spending are excessive or if benchmarks incorporate
region-level average spending patterns that differ predictably from the practice’s own patterns.
To illustrate the sensitivity of the findings to selective participation, the simulation model was run
applying a higher probability of participation to practices with benchmarks that are high relative to their
actual spending (Table 6.2). In this sensitivity test, practices whose benchmarks are overstated by 10
percent are around twice as likely to participate as practices whose benchmarks are understated by 10
percent. The selective participation assumption increases the break-even point, as expected, but the
magnitude of the change is relatively small. This indicates that the takeaways from the simulation
modeling are not an artifact of the random participation assumption.
Table 6.2. Selective Participation
Participation

Random
(base case)

4

Break-Even
Point 4

3.8%

Behavioral
Response

Simulated
Impact on Total
Spending

Simulated Impact
on Physician
Practice
Revenues

No behavior

3.5%

51.3%

5% reduction

–1.1%

51.6%

The break-even point is the size of the behavioral response that corresponds to the payment model having no
impact on total spending, where the behavioral response is an across-the-board reduction in utilization.
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Participation

Break-Even
Point 4

Behavioral
Response

Simulated
Impact on Total
Spending

Simulated Impact
on Physician
Practice
Revenues

–5.1%

62.1%

3.7%

54.0%

5% reduction

–0.8%

56.4%

10% reduction

–4.5%

70.2%

10% reduction
Selective (practices with higher
benchmarks more likely to participate)

4.1%

No behavior

SOURCE: Authors’ analysis.
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7. Conclusion
The simulation described in this report offers several insights into the proposed payment model for
oncology.
1. The proposed care management payments are large relative to oncology practices’ FFS
revenues. The proposed care management payments will equal $960 in 2016 for a full six-month
episode, compared to average estimated physician practice revenues per episode in that year of
around $2,000 and total spending per episode of around $27,000. By themselves, therefore, the
care management payments would increase physician practices’ Medicare revenues by roughly
50 percent on average and would increase total Medicare spending by 4 percent.
2. The use of performance-based payments requires the comparison of spending benchmarks and
actual spending; both of those spending amounts are subject to sampling error, and benchmarks
may also be subject to errors in forecasted trends and other biases. Those sources of error can
be lessened in a number of ways by, for example, applying sophisticated case-mix adjustment,
by using multiple years of historical data, or by blending a practice’s historical costs with
regional or national episode cost data. But the counterfactual—i.e., a participating practice’s
spending per episode if it had not participated—is fundamentally unobservable. Inaccuracies in
the benchmarks, combined with one-sided performance payments, mean that the Medicare
program will in some cases pay “noise bonuses”—performance-based payments that are due to
inaccurately low benchmarks rather than to providers’ behavioral responses. The likelihood of
noise bonuses would be reduced if the payment model were limited to larger practices.
3. For the Medicare program to break even, participating oncology practices would have to reduce
utilization and intensity by roughly 4 percent. “Breaking even” means that Medicare spending
per episode is the same with the payment model, including the care management payments and
performance-based payments, as it is without the payment model. Based on research on other
similar payment models, a behavioral response of that magnitude may be possible, but is by no
means certain.
4. The break-even point can be reduced—i.e., less of a behavioral response would be required for
the Medicare program to achieve savings—if the care management payments were reduced or
if the performance-based payments were reduced.
The introduction of a new payment model for oncology may have several possible unintended
consequences that are not included in the simulation model but are potentially important. One
possibility is that oncologists participating in the payment model might increase the number of episodes
of treatment they initiate due to of the availability of sizeable care management payments and
performance-based payments. That type of “demand inducement” response to changes in payments for
oncology has been demonstrated in other contexts (Jacobson et al., 2010; Colla et al., 2012; Elliot et al.,
2010). Another possible response is “cherry picking,” meaning that practices seek to treat patients who
are relatively healthy and whose course of treatment is less intensive than is typical in order to receive
performance-based payments. The use of case-mix adjustment in the calculation of performance-based
payments can mitigate the incentive to engage in cherry picking. Another possible response is stinting,
meaning switching patients to less expensive, but inappropriate, treatment regimens, or recommending
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against clinically beneficial services, in order to receive performance-based payments. CMS has
proposed tracking quality metrics as part of the payment model. Conditioning performance-based
payments on adequate performance on those metrics can mitigate the risk of stinting.
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Appendix
Inflating Spending from 2010 to 2016
To inflate spending, we applied the following formula:

(eq. 2)
where
i indexes oncology episodes
j indexes practices (episode i is attributed to practice j)
c indexes service categories (e.g., hospital, chemotherapy drugs, etc.)
t0 represents a base year (2010)
t1 represents a simulation year (2016)
is spending on episode i treated by practice j in year t1 under baseline (i.e., in the
absence of the payment model demonstration)
is actual spending on episode i for service category c treated by practice j in base year t0

represents the inflation in spending per episode from t0 to t1, due to increases in unit
prices
is projected spending on episode i for service category c treated by practice j in
simulation year t1.
The inflation factors, which are shown in Table 2.1, are calculated using commodity-level producer price
indexes from the Bureau of Labor Statistics for chemotherapy (“Pharmaceuticals affecting neoplasms,
the endocrine system, & metabolic diseases”), physician care, hospital inpatient care, hospital
outpatient care, and home health and hospice care. Observed price growth from 2010 through 2014 is
extrapolated through 2016.

Simulated Spending Amount
For each episode, we simulate a spending amount in 2016 equal to

(eq. 3)
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where
i indexes oncology episodes
j indexes practices
particj equals 1 if practice j participates in the model and 0 if not
equals baseline spending in 2016 (i.e., assuming no payment model)
equals the behavioral response, equal to the percentage change in health spending as a
result of participation in the payment model
equals the care management payment paid to practice j for episode i
equals the performance-based payment, if any, to practice j for episode i.
Calculating the simulated spending amount requires simulating the participation decision (particj), the
behavioral response (
payment (

), the care management payment (

), and the performance-based

).

Simulated Practice-Level Spending Targets
To simulate a spending target for each practice, we will start with the practice’s baseline spending on all
episodes in the projection year and apply a noise factor. The noise factor is designed to simulate the
random variation in health care utilization that will get incorporated into each practice’s historical cost
factor. To estimate the noise factor, we will take historical episodes provided by each practice and
randomly split them into two groups based on the last digit of their beneficiary ID. By assumption, the
practice applied the same practice patterns to these historical episodes, so any spending variation that
we observe between the two groups of episodes (above and beyond what can be explained by case mix)
reflects measurement error.

The noise factor will equal

(eq. 4)

and
(eq. 5)
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where

(eq. 6)

(eq. 7)

and where

mj is the first episode treated by practice j
nj is the last episode treated by practice j

and where

is spending on episode i with truncation applied at the 95th percentile, and

is the predicted truncated spending on episode i from a case-mix model. A uniform correction factor is
applied to the predicted truncated spending for all episodes so that mean predicted spending exactly
equals the mean actual spending. The case-mix model includes the patient’s age, state of residence, dual
status, and type of cancer. The shrinkage term is set to 0.64 and is included to account for the fact that
splitting the historical episodes into two groups halves the number of episodes. To calculate the
shrinkage term, we calculated the absolute value of
and then fit a power trendline. The
value of 0.64 equals 2 raised to the power of the estimated coefficient from the power trendline, which
is an estimate of the proportional difference in the absolute forecast error if the number of episodes
were twice as large.

Self-Selected Participation
In the self-selected participation scenario, practices were assigned a probability of participating that
varied depending on the practice’s simulated forecast error. Practices in the noise bonus range were
assigned participation probabilities between 12 and 18 percent, and practices in the range in which they
might not receive earned bonuses were assigned participation probabilities from 2 percent to 8 percent.
(See Figure A.1.)
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Figure A.1. Simulated Participation Probability

NOTES: Each bubble represents a physician practice, and the size of the bubble represents the number of
chemotherapy episodes provided by the practice.
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