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1 Introduction

How should governments use limited public funds to promote socially valuable innovation?
This question is especially important in pharmaceutical markets, where innovation is costly
and uncertain, but successful products can generate large social benefits. Governments can
shape firms’ innovation incentives through a range of policy instruments, including R&D sub-
sidies, insurance expansion, reimbursement rules, and price regulation (Bloom, Van Reenen,
and Williams 2019; Garthwaite 2025). These instruments differ not only in how strongly
they increase overall incentives to innovate, but also in how they shape the direction of in-
novation. By changing the relative rewards to different projects, public policy can influence
whether firms pursue safer or riskier drugs, higher- or lower-value therapies, and drug types
that generate different social returns (Acemoglu and Linn 2004; Budish, Roin, and Williams
2015; Finkelstein 2004).

This paper studies the optimal design and financing of public support for pharmaceutical
innovation. We focus on two interrelated research questions. First, what form of public

support best promotes high-value drug innovation when innovation risk and reward are
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correlated? In particular, should governments rely more heavily on supply-side policies, such
as R&D subsidies, or demand-side policies, such as insurance coverage and reimbursement
support? Second, how should public funds be allocated across drug types so as to reduce
misallocation and maximize social welfare?

Existing work has studied the effects of individual pharmaceutical policies on innovation,
pricing, and access (Acemoglu and Linn 2004; Azoulay et al. 2019; Duggan and Scott Morton
2006; Gross and Sampat 2025). However, relatively little is known about how to rank alter-
native innovation policies from a welfare perspective when public funds are scarce and when
policy instruments affect the composition, rather than only the amount, of innovation. This
selection margin is central to the comparison between supply- and demand-side support.
Supply-side subsidies reduce the cost of entering the innovation process and may therefore
encourage marginal projects that would otherwise not be pursued. Demand-side subsidies,
by increasing the return to successful innovation, may instead attract projects with larger
potential benefits. The welfare ranking of these policies depends on how innovation risk is
related to innovation value: if high-value projects are also systematically riskier, then policies
that condition support on market success may have very different implications from policies
that subsidize entry directly. Even less is known about how governments should finance such
policies through the reallocation of existing healthcare spending.

We examine these questions in the context of China’s recent pharmaceutical reforms.
China provides a rich empirical setting because two major policy changes jointly reshaped
the incentives facing drug developers and the allocation of public pharmaceutical spend-
ing (Barwick, Swanson, and Xia 2025). The National Reimbursement Drug List reforms
expanded reimbursement for innovative drugs, increasing the demand-side returns to suc-
cessful innovation. At the same time, the Volume-Based Procurement reform introduced
competitive procurement for off-patent generics, sharply reducing public spending on drugs
with widespread substitutes and freeing resources that could be redirected toward innovative

medicines. Prior to the reforms studied here, roughly 80 to 90 percent of public pharmaceu-



tical expenditure went to off-patent generic drugs. Following the introduction of competitive
auctions for generics, this share fell below 50 percent, freeing substantial public resources for
innovative medicines. Together, these reforms generate variation in both innovation incen-
tives and public fund allocation.

Using data on clinical trials, drug sales, and policy reforms, we estimate a structural
model of pharmaceutical innovation. The model allows firms to choose whether to undertake
drug development in response to expected costs, risks, and returns, and links these private
decisions to social welfare. We use the estimated model to quantify the welfare effects of
alternative policy instruments, measure the degree of public fund misallocation in pharma-
ceutical spending, and evaluate policy combinations that both promote high-value innovation
and improve the financing of public healthcare expenditure.

Although the empirical analysis is based on the Chinese pharmaceutical market, the paper
is designed as a broader policy-design study. The goal is not only to evaluate a particular
institutional reform, but also to develop a framework for studying how governments should
allocate public support across innovation policies when risks, rewards, and fiscal costs are
jointly determined. The results speak to general debates about innovation incentives, public

financing, and the efficient allocation of government spending across countries and sectors.

Related Literature This paper engages three distinct bodies of literature:

o Innovation policy: Much of the existing research focuses on direct supply-side inter-
ventions such as government subsidies and tax credits (Branstetter and Sakakibara
(2002); Bronzini and Piselli (2016); Howell (2017); Dechezleprétre et al. (2023); Mel-
nik and Smyth (2024)). In the pharmaceutical sector specifically, Ward and Dranove
(1995), Azoulay et al. (2019), and Gross and Sampat (2025) show that public funding,
such as U.S. Committee on Medical Research contracts and NIH grants, can increase
private-sector patenting and R&D investment, while Wallsten (2000) cautions that

such grants may crowd out firm-financed research. A notable exception is Finkelstein



(2004), which finds that government vaccine recommendations, a demand-side inter-
vention, have dynamic effects that stimulate R&D. We contribute to this literature by
comparing supply-side and demand-side innovation policies within a structural welfare
framework. This approach allows us to examine not only how different policies affect
the level of pharmaceutical innovation, but also how they select different projects when

innovation risk and reward are correlated.

Misallocation: A large literature in macroeconomics and industrial organization shows
that frictions in private markets can generate large aggregate losses by distorting the
allocation of resources across firms and sectors (Bartelsman, Haltiwanger, and Scar-
petta 2013; Hsieh and Klenow 2009; Midrigan and Xu 2014). We bring this allocative-
efficiency perspective to the allocation of public pharmaceutical spending. While prior
work has documented waste, leakage, and inefficiencies in government programs and
public procurement (Olken 2007; Reinikka and Svensson 2004), much less is known
about how public healthcare budgets are allocated across drug types with heteroge-
neous marginal social value and innovation incentives. This paper quantifies this form
of public-spending misallocation and evaluates whether procurement reforms can im-
prove welfare by reducing spending on products with low marginal social value and

freeing resources for high-value pharmaceutical innovation.

Public finance and program evaluation: Recent work in public finance emphasizes that
government programs should be evaluated using their full net fiscal cost, rather than
mechanical spending alone. This requires accounting for behavioral fiscal externalities,
crowd-out, and substitution across related public and private programs (Finkelstein
and Hendren 2020; Hendren and Sprung-Keyser 2020; Kline and Walters 2016). We
apply this principle to healthcare policy by evaluating the NRDL and VBP reforms as
a unified policy package. In our setting, the NRDL expands demand-side support for

innovative drugs, while VBP reduces spending on off-patent generics and creates fiscal



space within the public insurance budget. Evaluating the two reforms jointly allows
us to quantify their combined welfare effects and to show how procurement-driven
reallocation changes both the fiscal cost and the welfare performance of demand-side

innovation policy.

2 Institutional Background and Data

2.1 Two Pharmaceutical Reforms in China

China introduced two major healthcare reforms at roughly the same time: the National Re-
imbursement Drug List (NRDL) negotiation reform and Volume-Based Procurement (VBP).
Together, these reforms reshaped the allocation of public drug spending by expanding reim-

bursement for innovative drugs while reducing public spending on mature generic drugs.

National Reimbursement Drug List. In response to growing public demand for broader
access to innovative drugs, the National Healthcare Security Administration (NHSA) launched
a landmark reform in 2016 that integrated innovative therapies into the national insurance
catalog through centralized price negotiations. This reform marked a fundamental shift from
a relatively rigid and budget-constrained reimbursement system toward a more dynamic
model in which innovative drugs could obtain public reimbursement conditional on negoti-
ated price concessions.

The negotiation process follows an annual cycle. Each spring, the NHSA defines an “eli-
gible list” of drugs, focusing on innovative drugs that have obtained market approval within
the last five years and address significant unmet clinical needs.! During the pre-negotiation
stage, which can last for several months, firms with eligible drugs and the NHSA exchange
information on costs, clinical value, and medical effectiveness. On the negotiation day, govern-

ment representatives negotiate with each drug company separately. Successful negotiations

1. See: the 2024 Inclusion Criteria.


https://www.gov.cn/zhengce/zhengceku/202408/content_6967047.htm

lead to inclusion in the NRDL, typically accompanied by average price reductions of 50-60%
(Barwick, Swanson, and Xia 2025). If negotiations fail, the drug remains outside the national
reimbursement catalog and continues to rely primarily on the private market, where sales
volume is substantially lower. The reform has had a large impact on China’s innovative drug
market. By 2024, 699 drugs had been included in the NRDL, and cumulative spending on
innovative drugs reached é 460 billion ($67 billion) between 2016 and 2024, far exceeding the

& 66 billion ($10 billion) innovative drug market in 2015.2

Volume-Based Procurement. In parallel with the NRDL negotiation reform, China also
implemented Volume-Based Procurement (VBP), a centralized competitive bidding system
mainly targeting off-patent generic drugs. Under VBP, firms compete for guaranteed purchase
volumes by offering lower prices, leading to substantial reductions in the reimbursed prices of
mature drugs. While the NRDL expanded public reimbursement for innovative drugs, VBP
reduced the share of public drug spending allocated to generics. In this sense, the two reforms
were economically and institutionally complementary: VBP generated fiscal savings in the
generic drug market, which helped create budgetary space for expanded public support of

innovative drugs through the NRDL.

2.2 Cancer Drugs

We focus primarily on cancer (oncology) drugs for two reasons. First, cancer drugs are af-
fected by both NRDL and VBP. It is the primary target of innovative drugs under NRDL,
while the prices of chemotherapies are affected by VBP. This allows us to study both pro-
grams within a coherent product market. Second, oncology accounts for a large share of

clinical trials, making it a desirable setting to study innovation policies.

2. Source: 2025 National Forum on Medical Insurance & Innovative Drug Development.


https://m.thepaper.cn/newsDetail_forward_32124659

2.3 Data

The empirical analysis will draw on the following data sources:

Citeline TrialTrove Database. We utilize the Citeline TrialTrove database (2010-2024)
to construct a comprehensive census of clinical trials initiated globally. TrialTrove aggregates
data from official national registries (e.g., ClinicalTrials.gov in the U.S. and the ChinCTR in
China) alongside public disclosures. For each trial, we observe the tested drug, sponsor type
(private firm vs. public institution), therapeutic area, disease/indication, trial start date,

completion status, trial phase, objective, methodology, duration, and trial population.

Citeline Pharmaprojects Database. Trials are linked to the Citeline Pharmaprojects
database, which tracks key drug-development milestones, including patenting, out-licensing,

and regulatory approvals (Cunningham, Ederer, and Ma 2021).

SinoHealth Drug Sales Data. We obtain granular pharmaceutical sales data from Sino-
Health (2016-2024), a leading health-data provider in China (Xia 2024). Unlike other databases,
SinoHealth provides superior coverage of both urban and rural hospital channels, through

which nearly all innovative and generic drugs in China are dispensed.

Volume-Based Procurement Data. We collect VBP bidding outcomes and procure-
ment prices for generic drugs from official government procurement records. These data
allow us to identify drugs covered by VBP, winning firms, contracted purchase volumes,
procurement prices, and the timing of each procurement round.

These data sources collectively allow us to estimate the structural parameters governing
innovation incentives, characterize the pre- and post-reform allocation of public pharmaceu-

tical spending, and simulate the welfare effects of alternative policy designs.



3 Structural Model

Demand Side Demand is similar to CHS, except that we need to accommodate quality
as an explicit product characteristic (medical effectiveness). Because drug effectiveness is
directly relevant to patient utility, demand, firm profit, and social welfare calculations, quality
must enter the demand system. We can recover consumers’ WTP for quality from drug fixed

effects.

Supply Side We model pharmaceutical firms’ R&D investment decisions as a function of
expected returns, development costs, and clinical trial success probabilities. NRDL expands
future expected returns for innovative drugs, while VBP works like a price control and reduces
future returns for generic drugs (Ji and Rogers 2024).

The key structural parameters of interest are:

« The correlation between clinical trial success rates and drug effectiveness (quality),

recoverable from clinical trial data.

o The marginal cost of conducting a clinical trial, recoverable from firms’ propensity to

initiate trials as a function of market size and expected returns.

The supply-side model is intentionally parsimonious without complicated dynamics (which
is not necessary). A standard entry model with stochastic success is sufficient to generate
the key qualitative and quantitative predictions about how R&D subsidies versus demand

subsidies differentially attract high-value versus marginal innovators.

4 Policy Counterfactuals

With the structural model estimated, we simulate a range of policy counterfactuals, includ-
ing: 1) R&D subsidies only; 2) demand-side coverage expansions; 3) both R&D subsidies

and demand-side expansions; 4) varying the generosity and targeting of R&D subsidies and



demand-side coverage expansions, 5) alternative procurement regimes for generics, 6) joint
optimization of both instruments (NRDL and VBP) subject to a government budget con-

straint that incorporates the marginal cost of public funds.
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