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ABSTRACT
We estimated the average returns, in terms of patient survival, to the marginal innovations in oral
chemotherapy market induced by Part D expansion of oral chemotherapy coverage for elderly
individuals by mandating inclusion of “all or substantially all” oral anti-cancer medications on
plans’ formularies. We exploited exogenous variation in the age of diagnosis for different cancer
sites - and therefore the relative expansion in market size for different cancers under the
Medicare’s prescription drug coverage – to isolate the effect of Part D on innovation and the
health benefits that these innovative technologies provide. Using data from FDA and clinical
studies from January 1994 to December 2016, we find that the approval rate for oral
chemotherapies increased an additional 5.7% (95% CI: 1.7, 9.8) after implementation of Part D
for every 1% increase in exposure to the Medicare market. In contrast, greater exposure to
Medicare was associated with a smaller increase in the indication-specific survival gains reported
in the drug’s label (3.2% [95% CI: 2.1, 4.3]) and 8.0% [95% CI: 6.1, 9.8] lower in absolute and
relative gains, respectively). Similar trends were not observed for intravenously administered
chemotherapy whose coverage was largely unaffected by Part D. These findings suggest that
there could be diminishing returns to incentives for pharmaceutical innovation created by broad
coverage mandates and that health policy tools, such as value–based pricing, may help maximize
the health benefits provided by future pharmaceutical innovations.
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Introduction
The high and rising cost of many prescription drugs is placing tremendous financial
pressure on patients, payers, and society. These trends have prompted considerable
debate about how best to foster pharmaceutical innovation while ensuring patient access
to affordable medications (HHS Pharmaceutical Forum; Ramsey et al. 2016; Mailankody
and Prasad 2016; Bennette et al. 2016 ). Strengthening insurance coverage, such as
through government subsidies or mandated benefits, is an often-used lever through which
policymakers can improve patients’ access to prescription drugs (Morgan and Kennedy
2010). Importantly, expanding prescription drug insurance coverage can also alter
incentives for pharmaceutical firms’ research and development (R&D) investments and
ultimately access to new medicines for future generations (Acemoglu and Linn 2004;
Blume-Kohout and Sood 2013).
Prior research has shown that changes in insurance coverage can have a significant
impact on pharmaceutical innovation (Acemoglu and Linn 2004; Blume-Kohout and Sood
2013). However, these studies relied on definitions of innovation - such as the number of
new drugs developed - that do not capture the health benefits of such innovation (Morgan
et al. 2008). Even drugs designed as “breakthrough” therapies by the FDA exhibit large
variation in the expected health benefits offered to patients. This variation leaves
policymakers and other decision makers with little direct evidence about how policies that
impact pharmaceutical innovation will ultimately impact population health (Downing et al.
2014; Kim et al. 2015; Prasad et al. 2015). It is critical to understand how changes in
prescription-drug-insurance coverage impact not only the number but also the health
benefits provided by drugs ultimately brought to market if we are to design insurance
models and policies in a manner that ensures the greatest expected health benefits for
both current and future patients.
The need to refine and develop new insurance payment models and coverage
policies is particularly acute in oncology given cancer’s large human and economic burden
and the rapidly growing output of new drugs to treat cancer from the pharmaceutical
industry. Anti-cancer medications are one of the three main pillars of cancer treatment
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and recently became the most expensive therapeutic class of drugs. These trends are
fueled by a recent surge in the development and FDA approval of new therapies,
particularly orally administered chemotherapy (Martell et all. 2013). These new drugs can
deliver substantial health benefits to patients, but are often extraordinarily expensive: the
costs of chemotherapy now routinely exceed $10,000 per month (Bach 2009). In response
to these trends, a series of Institute of Medicine workshops discussed the need to ensure
all people with cancer have access to affordable anti-cancer drugs (IOM 2013; 2014);
however, many questions remain about how such goals should be achieved.
To inform this ongoing discussion, we evaluated how the implementation of
Medicare Part D – the largest expansion of prescription drug coverage in United States’
history – impacted the development oral anti-cancer medications. Medicare Part D was
signed into law on December 8, 2003, by President George W. Bush. Before
implementation of Part D legislation on 1 January 2006, only intravenously administered
chemotherapy was covered under Medicare through the Part B (i.e. medical insurance)
program. Although the legislation creating Part D prohibited the federal government from
establishing a national formulary, Part D regulations require all health plans to cover “all or
substantially all” drugs in six protected classes, which include anti-cancer medications, to
help ensure Medicare beneficiaries’ access to these treatments.
Because the average age of diagnosis of cancer vary across different cancer sites,
the passage of Medicare Part D created exogenous variation to the relative size of
expansion for the insured market of oncology drugs across cancer sites. We exploit this
variation to study how expansion of insurance coverage affect innovation and, importantly,
how the average returns from these marginal innovations compare to their predecessors.
We hypothesized that the Part D expansion of prescription drug insurance and
mandated coverage of all oral chemotherapy agents would fuel pharmaceutical R&D and
ultimately lead to a significant increase in the number of oral chemotherapy agents
approved by the FDA via two mechanisms. First, prior studies have shown that firms’ R&D
investments increase proportionally to their revenues from sales, which increased
substantially upon implementation of Part D (Scherer 2001; Lakdawalla et al. 2013).
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Second, economic theory and prior research indicate that pharmaceutical firms’ R&D
investments are responsive to changes in expected profitability of the products in their
pipeline (Blume-Kohout and Sood 2013; Friedman 2009).
We further hypothesized that the marginal oral chemotherapy agents approved
would be more likely to result from incremental innovation (e.g. “me-too” drugs) and
ultimately provide diminishing returns to health. This hypothesis stems from several
reasons. First, the short duration over which innovators try to bring innovations to market
in response the coverage incentive is likely to make innovations use the same technology
(e.g., molecular targets) as their predecessors and hence subject to the diminishing returns
of technology. Note that some have suggested that the development of me-too drugs
within a class is better characterized as a race, rather than the imitation of successful
products (DiMasi and Faden 2011), and hence there is no reason to believe that later
entrants would necessary have smaller effects than their predecessors do. While this may
be true on average, for me-too drugs marketed in response to exogenous insurance
incentive might reflect those that were faring less well in the race and wouldn’t have seen
the market otherwise, and therefore one can expect diminishing rertuns. Furthermore,
because Medicare Part D’s coverage mandates provide strong incentives to develop new
oral chemotherapy agents, but do not reward the incremental clinical benefits these drugs
provide over existing therapies, innovators have the incentive to bring to market
innovations with smaller health benefits. Indeed, the coverage mandates require that all
oral chemotherapy drugs be included in all Part D formularies regardless of their price or
performance relative to alternative treatments (Bowman et al. 2006).
We repeat our analyses for innovations in the intravenous space for oncology, as a
falsification test, since Medicare coverage expansion did not affect these products.
We discuss the implications of these hypotheses, and the corresponding results for
future public policies in this field in the Discussion Section.

5

Methods
Our overall strategy was to isolate quasi-experimental variation in the incentives
created by the Part D program for pharmaceutical firms’ to develop new oral
chemotherapy drugs by leveraging the fact that cancer is not a single disease, but rather a
heterogeneous set of clinical conditions that tend to affect individuals at different ages. We
then used time-series data to evaluate the impact of this quasi-experimental variation on
the number of oncology drugs approved by the FDA and the incremental health benefits
provided by these drugs.

Study Sample
We assembled data on systemic anti-cancer medications approved by the FDA
between January 1994 and December 2016. The dataset included the date(s) each drug
was approved, the clinical indication(s), and route of administration (oral or
injection/infusion; topically-administered drugs were excluded). We included initial and
supplemental FDA approvals for anti-cancer medications used with the intent of extending
survival, but excluded those used for chemoprevention or to alleviate side effects of cancer
treatment. Our final dataset included 230 FDA approvals for anti-cancer medications.
We used a previously published list of survival benefits associated with the initial
FDA approval of anti-cancer drugs approved between 1995 and 2013 and followed a similar
approach to estimate the survival benefits for supplemental approvals in new indications
and for anti-cancer drugs approved in 1994 and 2014-2016 (Howard et al. 2015). Following
the approach used by Howard et al. (2015), we calculated the incremental survival benefit
for each approved indication using the improvement in median survival reported by the
randomized clinical trial(s) included in the drug’s label. We measured benefits by
subtracting the median overall survival in the control arm from the median overall survival
in the treatment arm; when estimates of overall survival were not reported, we used
estimates of progression-free survival. If results from more than one trial were included in
the label, we used a weighted average of the survival benefit estimates from both studies
(using only the results from the largest or most favorable trial made little difference to our
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findings). If a trial included more than two treatment arms (e.g. multiple doses of an
experimental treatment versus a control), we estimated survival benefits as those most
favorable to the experimental drug. We did not estimate survival benefits for approvals
based on non-survival endpoints (e.g. objective response rate) or single arm studies. Our
dataset therefore included estimates of survival benefits for 130 approvals.

Analytic Approach
We addressed the challenge of isolating the effect of Medicare Part D’s coverage
expansion on the development of new oral chemotherapy agents amidst tremendous
advances in basic science by exploiting quasi-experimental variation in the proportion of
patients with different types of cancer who are Medicare-eligible at the time of their
diagnosis. We hypothesized that Part D would induce more innovation in oral
chemotherapy for cancer sites with a higher proportion of patients who are Medicareeligible. We defined the proportion of each cancer that was Medicare-eligible as the
proportion of patients who were ≥65 at the time of diagnosis, which we obtained from the
Surveillance, Epidemiology and End Results (SEER) program database (Gold et al. 2013).
Our approach rests on the intuition that the variation in age at diagnosis is not caused by
the presence of anti-cancer drugs, but it could cause differences in how developing them is
prioritized by the biopharmaceutical industry if guaranteed Medicare coverage creates an
incentive.
We also hypothesized that the incremental survival benefit of oral chemotherapy
agents developed in response to Part D would provide diminishing returns to health.
Therapies for cancers that have higher incidence rates in older individuals may provide
fewer survival benefits than those developed for cancers that afflict younger individuals
simply because younger patients have more years of life left to gain with an effective
treatment. Our fixed effects analytic framework leverages changes over time within a
cancer site, rather than comparing survival outcomes across cancers, to address this issue.
We also repeated our analyses using the relative incremental survival benefit of oral
chemotherapy (i.e., the hazard ratio) as our outcome measure.
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Lastly, we repeated all of our analyses using infused chemotherapy agents as a prespecified falsification test, in which the absence of effects is expected (Prasad and Jena
2013). Medicare pays for infused chemotherapy through the Part B outpatient medical
benefit. Coverage for infused agents was therefore similar before and after the creation of
Part D. A finding of no relationship between Part D and the number and survival benefits
of infused chemotherapy agents further strengthens the evidence that the estimated
effects in the market for oral chemotherapy are associated with the Part D coverage
mandates and not potential unobserved confounders.

Statistical Analyses
We used fixed effects Poisson regression with robust standard errors to evaluate
how introduction of Medicare Part D was associated with changes in: (i) the number of anticancer drugs approved by the FDA each year and (ii) the average number of months these
drugs improved median survival (as reported in the FDA label). Cancer sites were entered
as fixed effects to allow estimation of the within-cancer changes over time in each outcome
and thereby eliminate time-invariant differences in observed and unobserved
characteristics between different cancers that are potentially correlated with our outcome
measures. We also included year fixed effects to absorb differences across time in
unobserved characteristics that are common to all cancer sites and included a dummy
variable for the pre- versus post-Part D time period. We adjusted for the annual incidence
of each cancer over time to capture differential changes in the market for different cancers
that might impact pharmaceutical R&D investments. Finally, we included an interaction
term between the proportion of each cancer site that was Medicare-eligible and the postPart D time period. The coefficient from these interaction terms, which can be thought of
as a ratio of the outcome measures in the pre versus post-Part D time periods, would be
greater than one if cancer sites that have a greater relative exposure to the Medicare
market experienced larger increases in the outcome of interest.
Our model specification is as follows:
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E(yjt|.) = exp((β0 + νj) + β1Postt + β2Sharej*Postt + βXjt + ωt), where
νj = cancer-specific fixed effects
ωt = year-specific fixed effects
Postt = indicator for Post-Medicare Part D period
Sharej = Cancer-site specific share of Medicare eligibility
Xjt = Annual incidence of each cancer over time

The clinical testing and approval process for new drugs is estimated to take
approximately 4-12 years (Blume-Kohout and Sood 2013). In our main analyses, we
therefore compared rates of our outcomes in the ten years before Medicare Part D was
enacted (January 1994-December 2003) to the 4-12 years after it was enacted (January
2008-December 2016). We hypothesized stronger effects over time after Part D was
enacted and conducted sensitivity analyses to examine such trends. All analyses were
conducted in STATA 14 (Stata Corp, College Station, TX).

Results
The rate oral and infused chemotherapy agents approved by the FDA increased
substantially from the pre-Part D (1994-2003) to post-Part D (2008-2016) time periods;
however, there were important differences between oral and infused agents and across
cancer sites. The relative change in the number of oral chemotherapy agents approved for
particular cancers was strongly associated with the proportion of individuals with that
cancer who were Medicare-eligible (Figure 1a; p=0.004). We found a much smaller and
non-significant trend for infused chemotherapy (Figure 1b; p=0.23).

FDA approval of oral chemotherapy agents
In multivariable fixed effects regression analyses, we found that greater exposure to
the Medicare market was associated with a greater increase in the number of oral
chemotherapy agents approved after Medicare Part D was implemented (Table 1). The
rate oral anti-cancer drugs were approved by the FDA increased an additional 5.7% (95% CI:
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1.7, 9.8) after Part D was implemented for every 1% increase in exposure to the Medicare
market. We also evaluated the timing of these associations and found no evidence that the
relationship between the level of exposure to the Medicare market and oral chemotherapy
FDA approvals preceded Part D, but observed an increasingly robust trend in the time
periods post-Part D (Figure 2a).

Survival benefits of oral chemotherapy agents
Greater exposure to the Medicare market was associated with a smaller increase in
the improvement in median survival reported in the FDA label for each newly approved
oral chemotherapy indication. The absolute improvement in median survival associated
with approvals after Part D was 3.2 percent (95% CI: 2.1, 4.3; p<0.001; Table 2) lower for
every 1% increase in exposure to the Medicare market. The effect of Part D on the relative
improvement in survival (i.e., the hazard ratio scale) with these drugs was an 8.0 percent
(95% CI: 6.1, 9.8; p<0.001) decline in effectiveness for every 1% increase in exposure to the
Medicare market. To translate these results to returns to innovation, we calculated an
elasticity of incremental absolute survival benefit with respect to pharmaceutical
innovation induced by Part D to be equal to -0.56.
We performed several sensitivity analyses to assess the robustness of our results.
First, our conclusions were very similar if we used negative binomial regression. Second,
our conclusions were similar if we focused only on the first FDA-approved indication for
each oral chemotherapy agent. We found a 2.3% (95% CI: 0.1, 4.5) increase in the rate of
first approvals and a 7.9% (95% CI: 6.0, 9.9) decrease in the relative survival benefits
provided by these therapies after Part D was implemented for every 1% increase in a
cancer site’s exposure to the Medicare market. Third, our findings were also similar if we
excluded individual cancers or therapies from the analyses. For example, after excluding
all lung cancer approvals we found a 5.5% (95% CI: 1.9, 9.3) increase in the approval rate
and 7.7% (95% CI: 5.8, 9.7) relative decrease in the survival benefits of newer oral
chemotherapy agents for every 1% increase in exposure to the Medicare market.
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Infused Chemotherapy Falsification Test
As hypothesized, we did not find evidence that the rate infused chemotherapy
agents were approved before versus after Part D implementation was associated with the
level of exposure to the Medicare market (Table 1; Figure 2b). We also did not find that the
improvement in survival provided by newly approved infused chemotherapy agents was
associated with the level of exposure to the Medicare market (p=0.5, Table 2; Figure 3b).

Discussion
The creation of Medicare Part D was the largest expansion of prescription drug
insurance coverage in US history. We found that the Part D expansion was importantly
associated with an increase in the number of oral anti-cancer drugs approved by the FDA;
however, these drugs produced smaller improvements in survival over existing therapies
than their predecessors. Thus our findings suggest that there are diminishing returns to
incentives for pharmaceutical innovation induced by broad coverage mandates and that
more nuanced coverage and reimbursement policies may help maximize the health
benefits provided by future pharmaceutical innovations.
Prior research has documented a robust response by the pharmaceutical industry
to changes in market size and insurance coverage. Acemoglu and Linn (2004) found that
larger markets driven by changes in US demographic trends were significantly associated
with an increase in the entry of new drugs. Our finding that increases in the annual
incidence of different cancer types over time were significantly associated with increases in
the number of chemotherapy approvals parallel these results. Blume-Kohout and Sood
(2013) found that implementation of Part D was associated with significant increases in
industry-sponsored clinical trials for drug classes most likely to be affected by Medicare
Part D. Our findings of substantial increases in the approval of oral anti-cancer drugs
corroborate their work and add an important evaluation of the health benefits provided by
the drugs eventually brought to market.
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The coverage mandates in Part D are not linked to clinical benefits, and there are no
pricing constraints in this market. Thus the mandates to include “all or substantially all”
anti-cancer medications on Part D formularies severely constrain health insurers’ ability to
negotiate on the basis of a drug’s clinical or economic value by eliminating the threat of
excluding the drug from the formulary (Ramsey et al. 2016). The ability to restrict the use
of a product if it does not represent good value can serve as a powerful tool to lower drug
prices. In 2012, Sanofi reduced the price of Zaltrap in half after Memorial Sloan Kettering
Cancer Center publicly refused to use the drug, arguing that it was twice as expensive and
no more effective than a similar medicine, Avastin (Pollack 2012). More recently, valuebased formularies have been tested as a way to improve value within a health care system
(Yeung et al. 2016). An often-touted benefit of increased innovation – especially of
duplicative efforts to develop “me too” drugs – is that the resulting competition works to
lower drug prices; however, we have previously found that there is currently little pressure
to lower prices in the oral anti-cancer drug market, even in the presence of increased
competition (Bennette et al. 2016). This may be justified if these drugs produce benefits for
different subgroups of patients; however, little evidence exists that this is the case. Thus,
Part D coverage mandates coupled with high prices provide strong incentives for
pharmaceutical firms to continue developing oral anti-cancer drugs even if the specific
market is relatively saturated and they offer few benefits over existing therapies (Bach
2014).
Importantly, our findings of diminishing returns to health from increased
pharmaceutical innovation apply only due to expanded prescription drug coverage under
Medicare. The results do not apply to average or marginal investments made by the
pharmaceutical industry in response to basic science advances or clinical opportunities.
Recent advances in molecular and genomic science have fueled tremendous progress in
anti-cancer therapies. Investments from pharmaceutical firms to develop new drugs that
leverage these advances may – and if successful, likely will – return substantial health
benefits to society. But many of these new treatments are also likely to be extremely
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expensive, putting even more pressure on policymakers and health insurers to ensure
affordable access for patients.
How can we as a society ensure patients’ access to anti-cancer drugs? Coverage
mandates like those included in Medicare Part D do help protect patients’ access, but they
distort the market and create incentives for innovation that may heighten the underlying
issue of anti-cancer drug prices rising faster than inflation and the health benefits they
provide in the long run (Howard et al. 2015; Bennette et al. 2016) . More nuanced coverage
mandates that are linked to a drug’s value or an incremental clinical benefit, might help
protect patients’ access to the most valuable or effective therapies while leaving insurers
some leverage in negotiations with manufacturers (Bach and Pearson 2015). Another
policy option, value-based pricing, would financially reward pharmaceutical firms in a
manner that was proportional to the clinical benefits their drugs provide patients, and
could therefore provide a powerful additional incentive for firms to invest in developing
treatments that have the greatest potential health benefits for patients. We believe that
accelerating efforts to develop and implement a transparent coverage and reimbursement
system that is linked to the clinical benefits a drug provides would thus help improve
current and future patients’ access to the most effective therapies.
Our study has several limitations. First, we estimated health benefits using the
improvement in median survival per drug. Although there are challenges in using median
survival to compare clinical benefits of treatments across different cancers, it is reasonable
for these analyses because we evaluate incremental benefits within cancers. Indeed,
median survival is the most commonly reported metric of absolute health benefit in the
clinical trials supporting FDA approval for the drugs in this analysis. That said, median
survival measures do not incorporate potential impacts on quality-of-life and may be
inadequate in capturing the health benefits of drugs that offer a small percentage of
patients the chance of long term benefits. Second, we did not include estimates of survival
benefits for drugs approved on the basis of surrogate endpoints or single arm studies.
However, we do not expect this limitation to bias our results, as we found a very similar
relationship between the rate drugs were approved and exposure to the Medicare market
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among only approvals based on survival benefits (4.2% versus 4.6%). Lastly, there may be
other factors, such as scientific advances or federal research investments, that were
differential across cancers and that could have confounded the relationships we observed
if they were also correlated with the proportion of newly diagnosed individuals with a
specific cancer that were eligible for Medicare. Importantly, we did not observe similar
trends in the market for infused chemotherapy, which we expect would be similarly
impacted by most scientific advances (e.g. discovery of a new molecular target) that may
have differed across cancer sites over time. Moreover, we observed a stronger association
over time after (but not before) Part D was implemented for oral agents, which further
suggests that the effects we observed are causal.
In conclusion, we found diminishing returns to health from increased incentives for
pharmaceutical innovation created by Medicare Part D’s coverage mandates for oral
chemotherapy. Alternative coverage policies could create more targeted incentives for
pharmaceutical research and development investments and ultimately help maximize the
health benefits gained from future innovations.
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Figure 1. Relative change in number of FDA approvals in (a) 2011-September 2016 (post-Part
D) compared to (b) 1994-2003 (pre-Part D) by a cancer’s exposure to the Medicare market.

(a)

(b)
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Figure 2. Percent change in number of (a) oral anticancer medications and (b) infused
chemotherapy agents approved in various time periods, relative to number approved 19941998, for every 1% increase in a cancer site’s exposure to the Medicare market. (NOTE:
Estimates are from Poisson regression models with robust standard errors and adjusted for
changes in the annual incidence of the cancer site over time.)

(a)

(b)
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Figure 3. Percent change in the survival benefits from (a) oral anticancer medications and (b)
infused chemotherapy agents approved to treat cancer in various time periods, relative to
those approved 1994-1998, for every 1% increase in a cancer site’s exposure to the Medicare
market. (NOTE: All estimates are from Poisson regression models with robust standard
errors and adjusted for changes in the annual incidence of the cancer over time.)

(a)

(b)
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Table 1. Relative change in the rate chemotherapy agents are approved by the FDA, in pre-Part D
(1994-2003) versus post-part D (2008-2016) time period. Models included cancer and year fixed
effects and a binary indicator for post-Part D period.
Independent variable
Oral chemotherapy
1% increase in exposure to Medicare
market
1% increase in annual incidence
Infused chemotherapy
1% increase in exposure to Medicare
market
1% increase in annual incidence

Relative
change

95% CI

p value

1.057

1.017, 1.098

0.005

1.406

1.111, 1.781

0.005

1.014

0.993, 1.036

0.2

1.225

1.070, 1.403

0.003
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Table 2. Relative change in absolute survival benefits reported in drug’s label in pre-Part D (19942003) versus post-part D (2008-2016) time period. Models included cancer and year fixed effects
and a binary indicator for post-Part D period.
Independent variable
Oral chemotherapy:
1% increase in exposure to Medicare market
1% increase in annual incidence
Infused chemotherapy:
1% increase in exposure to Medicare market
1% increase in annual incidence

Relative
change

95% CI

p value

0.968
0.810

0.957, 0.979
0.686, 0.957

<0.001
0.013

1.018
1.317

0.969, 1.069
0.875, 1.983

0.5
0.2
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