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Abstract
Essays in Industrial Organization
by
Catherine Che
Doctor of Philosophy in Economics
University of California, Berkeley

Professor Benjamin Handel, Chair

This dissertation develops and applies an economic framework in industrial organization
that allows us to empirically study vertical relationships in supply chains. This type of
relationship is a common feature across markets and important for understanding policy-
relevant questions related to two-sided market power in non-platform settings.

The general setting is as follows. There are a small number of upstream firms, each of whom
produces a single horizontally differentiated good. A small number of intermediaries sit in-
between these upstream firms and downstream firms, who in turn sell to end consumers.
The empirical setting of this dissertation is the US pharmaceutical industry.

Chapter 1 considers the upstream implications of this market structure. One rationale for
the existence of large middlemen is their ability to exercise countervailing market power
to upstream monopolists. However, having market power may also exacerbate misaligned
incentives between middlemen and consumers. Therefore, there is a trade-off between coun-
tervailing market power and agency frictions in this market. Pharmacy Benefit Managers
(PBMs) are large middlemen who negotiate with drugmakers on behalf of insurers for re-
bates, which may in turn inflate list prices — sticker prices set by drugmakers — and make
drugs less affordable. At the same time, high rebates may benefit consumers through lower
insurance costs. To assess the role of PBMs, I estimate a vertical model of drug and insurance
demand, rebate negotiation and list price setting for oral anticoagulants in Medicare Part D.
I find that PBMs reduce dispersion in rebates, which helps smaller insurers. Moreover, policy
solutions that remove agency frictions while preserving — or even enhancing — countervailing
market power may improve consumer welfare by up to 17% of annual premiums.

Chapter 2 considers market power in interactions between middlemen and downstream firms,
who are insurers in the pharmaceutical setting. Here, PBMs fill a crucial role in the supply
chain for drugs by creating drug formularies that include drugs in a bundle that is sold to
insurers downstream. Increasingly, PBMs have integrated insurers, so the nature of the in-



teraction is typically a merged PBM-insurer entity vs a standalone insurer. With co-authors
Zarek Brot and Benjamin Handel, we study the role of vertical integration between PBMs
and insurers in driving access to drugs. Vertical integration allows the two integrated parties
to share the rents accrued from the PBM’s upstream rebate bargaining effort, eliminating
double marginalization and aligning incentives between these suppliers. However, this inte-
gration can also have anti-competitive effects, inducing the PBM to be less willing to deal
with rival insurers, passing through a lesser portion of the accrued rebates. We develop a
model of the industry, and use it to empirically study the impacts of vertical integration.
We find that consumers place a higher revealed value on premium reductions than cost sav-
ings due to drug tiering. Vertical integration does lead to integrated PBMs raising rivals’
costs, but by a small amount because rival insurers can ultimately substitute to back-up
formularies at cheaper costs.
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Chapter 1

Do Middlemen Raise Drug Costs?
Countervailing Market Power Meets
Agency Frictions

1.1 Introduction

List prices of prescription drugs in the United States have skyrocketed, increasing by as much
as 100% from 2012 to 2019 for commonly used drugs.! Practitioners have speculated that
Pharmacy Benefit Managers (PBMs) — middlemen who negotiate drug rebates on behalf of
insurers — are responsible for this fact. For instance, in September 2024, the Federal Trade
Commission filed an administrative complaint against the three largest PBMs, accusing them
of “engaging in anti-competitive and unfair rebating practices that have artificially inflated
the list price of insulin drugs.”?

This argument is based on an agency problem. PBMs negotiate rebates — and can have
their compensation based on these rebates — which may cause drug manufacturers to increase
list prices to offset these discounts. Insured consumers often pay a fixed share of the list
price each time they consume a drug, meaning that higher list prices inflate out-of-pocket
costs. Rising rebates and list prices have therefore placed a financial strain on American
households, leading federal and state governments to consider regulations that limit the
power of PBMs.

To provide a concrete example of how list price bloating matters for consumers, consider
the case of Bristol Myers Squibb and Pfizer who jointly make the blockbuster drug Eliquis.
Suppose the drugmakers set the list price of Eliquis at $100, and that patients covered by

!Between 2012 and 2019, the list price — the sticker price set by the drugmaker — for rapid-acting insulin
increased by around 125%, and the list price for oral anticoagulants increased by around 85%. Source: SSR
Health.

2Source: https://www.ftc.gov/news-events/news/press-releases/2024/09/
ftc-sues-prescription-drug-middlemen-artificially-inflating-insulin-drug-prices, retrieved  June

1, 2025.
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United Health have a cost-share of 10% of list price. United Health uses Optum Rx as its
PBM, who secures a 60% rebate on Eliquis from BMS and Pfizer. In this example, a patient
pays $10 in cost-share at the pharmacy counter. United Health pays the remainder of the
list price ($90) which is offset by $60 in rebates, for a net payment of $30. The drugmakers
receive a net price of $40. Note that if we view what the drugmakers receive as the “true”
cost of the drug, then the patient’s effective cost-share is $10/$40 = 25%, much higher than
the stated 10% on her insurance coverage.

Now, suppose the list price doubles to $200 while the net price stays constant at $40, so
the rebate rises to 80% ($160).> As a result, the patient’s out-of-pocket cost increases by
100%, from $10 to $20, while the insurer’s cost falls from $30 to $20 and the drugmakers
still earn the same amount.

The prevailing negative view of PBMs, however, fails to consider another salient feature
of the prescription drug market. Drug manufacturers posses monopoly rights stemming from
patents which is compounded by inelastic demand, giving them broad power to raise prices.
Consumers and small insurers have little ability to counteract this fact. By aggregating
demand through PBMs, downstream agents can generate countervailing market power to
discipline drug prices. The overall impact of PBMs on prescription drug prices therefore
depend on the relative strength of agency problems and countervailing market power; in
theory, curtailing the power of PBMs may raise net drug expenditures.

This paper develops and estimates a vertical model of the US prescription drug market to
study the role of PBMs, agency problems, and countervailing market power in determining
pharmaceutical list prices and rebates. Contrary to the prevailing view of the industry,
the model reveals that PBMs likely make consumers better off by facilitating access to
rebates for smaller insurers. Without PBMs, there may be further insurance consolidation
as large insurers can negotiate rebates directly. On the whole, countervailing market power
and agency frictions have offsetting effects in the status quo. Counterfactual simulations
indicate that reforms that preserve countervailing market power while mitigating problems
of misaligned incentives may yield meaningful benefits to consumers. This finding has broad
importance as vertical market structures with upstream monopolists are widespread and
the ways that incentive incompatibilities undermine countervailing market power is not well
understood. For example, the markets for semiconductors, agrochemicals, shipping, and
digital commodities exhibit similar features of powerful upstream producers with influential
middlemen.

My paper first considers descriptive and reduced-form evidence which suggest that PBMs’
role in rebate negotiation may in fact be responsible for rising pharmaceutical list prices.
First, rebates increased by 30-50 percentage points of drug list prices from 2012 to 2019 while
these list prices roughly doubled.* Second, I examine the change in list prices over time,

3These pricing patterns are consistent with what we have observed in the data for many widely used
prescription drugs.

4These findings, which are specific to insulin and oral anticoagulants, are in line with other works that
have examined the association between rebates, list prices, and consumer cost-share across drug classes (e.g.
Yeung et al. (2021) and Sood et al. (2020)).
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using peer countries without rebates as a placebo to account for cost or demand changes.
List prices in the US increased by over 50% from 2015-2021 while prices were stable in
peer countries. Furthermore, net prices in the US fell over this period, converging towards
the price paid by peers.® Third, I use a novel linking of data sets to show a positive and
statistically significant relationship between PBM size and rebates.

This evidence motivates an important role of PBMs in drug pricing, but there are several
limitations of reduced-form approaches that have hindered research progress despite consid-
erable policy interest. First, the rebates obtained by PBMs for individual drugs are trade
secrets, so data availability for rigorous analysis is limited. Second, the pharmaceutical and
insurance industries are complex and heterogeneous, creating challenges to isolating the role
of any individual economic force. Third, drugmakers may face political constraints that bind
their price setting ability given public focus on an industry that directly affects health. Fi-
nally, general equilibrium interactions between agents at each level of the vertical chain may
have consequential effects on welfare: for instance, insurers may raise healthcare premiums
absent PBMs and rebates, and drugmakers may endogenously change prices in response to
changes in downstream market power. I construct a structural model of the drug market to
overcome these challenges.

The model is vertical with three stages. Upstream, drugmakers set list prices to maximize
profits. Midstream, PBMs bargain on behalf of insurers with drug manufacturers for rebates.
Downstream, consumers choose from a set of insurance plans and a set of drugs conditional
on insurance coverage to maximize their utility.

I estimate the model using data for oral anticoagulants in Medicare Part D. Two branded
drugs — Xarelto and Eliquis — dominate this drug class. Both entered the market relatively
recently, and stayed on patent throughout my study period. Anticoagulants are also primar-
ily used by the elderly, which makes modeling list price setting more tractable as I can focus
on demand by Medicare beneficiaries. This drug class choice contrasts with other works in
the literature, which have predominantly focused on statins (e.g. Lipitor and Crestor). For
my study, statins are unsuitable for a number of reasons, the primary one being that they
went off patent before PBMs and rebates became a driving force in drug pricing.%

Model estimation proceeds via backward induction, beginning with the consumer’s prob-
lem. I estimate consumer demand for the two branded oral anticoagulants and a generic
substitute, Warfarin, using a discrete choice logit demand system where the outside option
is no drug. Given each insurance plan’s coverage and formulary, which determines what
drugs are covered at what level of cost sharing, I next construct the annual out of pocket
cost, anticoagulant consumption, and surplus each consumer would receive from all insur-
ance plans in the market. These are then used to estimate a discrete choice demand system

SKakani et al. (2020a) show that these pricing patterns are broadly representative of drug classes in the
US: between 2012 and 2017, list prices grew substantially while net prices held fairly steady for 19 of the 20
top selling drug classes.

6 Another reason why statins are unsuitable is their use is more common across demographic groups,
which makes modeling list price setting more challenging. Based on claims count, over 75% of anticoagulant
prescriptions come from Medicare Part D. By comparison, statins has a Medicare share of about 61%.
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for insurance plans by consumers.

Insurance plan and drug demand then enter into the PBM’s problem in the next stage of
the model. PBMs bargain over rebates, affecting both list and net prices, with drugmakers.
They may also downgrade coverage of a drug, one of their chief negotiating tools, which
affects insurance coverage. Each of these values affects the mass of consumers who demand
a given insurance plan in a PBM’s portfolio and a given drug within each plan. This in
turn determines the PBM’s payoff, which is a product of drug consumption and rebates.
Importantly, the model captures that in the case a PBM and drugmaker fail to agree, the
PBM may still earn a positive payoft associated with consumers switching to rival drugs
where agreements were made. Similarly, the drug maker may still earn positive payoff
from consumers switching into a rival PBM’s plan where agreements were made. This
“recapture” feature of the model, which is novel in the drug rebates setting, affects the
bargaining influence of middlemen and facilitates flexible simulations of counterfactuals that
adjust countervailing market power.

Given these payoffs, PBMs engage in bilateral Nash-in-Nash bargaining with drugmakers
upstream. The bargaining model embeds a parameter that determines the bargaining ability
of PBMs as a function of their size. Setting this parameter to zero allows for a counterfactual
simulation with PBMs removed. 1 overcome the fact that data on plan-drug specific rebates
are not available by matching aggregate model predictions to average drug-by-year rebates
from SSR Health.

In the final stage of the model, each drugmaker sets a list price that maximizes its
objective function, given the negotiated net prices and quantities demanded by consumers.
The drugmaker’s objective consists of current period profits and a term that captures the
risk of political or reputational costs if prices are set too high. These considerations, which
I refer to as political constraints, are salient features of the market which lead drugmakers
to price in the inelastic portion of demand.” I model political constraints by placing a
weight on consumer surplus in the drugmaker’s objective, reflecting the intuition that these
constraints lead drugmakers to behave as though they internalize consumer welfare. Since
this parameter is inferred from observed list prices, this stage of the model also nests the
case where drugmakers only consider profits.

From the demand estimation, I find an aggregate insurance premium elasticity of -2, and
a drug demand elasticity of -0.3. Both estimates are comparable to what others have found
recently.® For the PBM-drugmaker bargaining model, I find that PBM bargaining weights
range from 0.4 to 0.5. Finally, for the drugmaker’s list price setting, I find that observed

"The political constraints in my model stem from the fact that when drug manufacturers set drug prices
“too high” in the court of public opinion, they risk consumer backlash and government scrutiny. Two
relatively recent example involving “binding” constraints are the pricing of Sovaldi, a curative drug for
hepatitis C, and the pricing of insulin. Both resulted in congressional investigations. Sovaldi’s price was
brought down by competitor drugs and the Biden administration capped the out of pocket costs of insulin
under the Inflation Reduction Act.

8The premium elasticity is on the more inelastic end relative to other estimates (e.g. Lucarelli et al.
(2012), Decarolis et al. (2020), and Starc and Town (2020)), which may reflect the fact that consumers in my
estimation sample are sicker. I restrict the estimation sample to consumers who have a diagnosis code that
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prices imply substantial political constraints. This result is driven by the fact that consumer
drug demand is inelastic, and cost-share further dampens the effect of list price on demand.
Without any constraints, list prices may be an order of magnitude higher.

For counterfactual analysis, I first consider a world where PBMs are removed from the
market, but rebate negotiation is preserved, leading insurers to negotiate rebates directly.
Contrary to the prevailing view that PBMs have harmed consumers, I find that such a
change would yield little impact on welfare in the aggregate, as it has little effect on overall
list prices or rebates. However, this masks considerable heterogeneity. Large insurers such as
United Health, the largest American health insurance company, retain considerable market
power and are therefore able to negotiate similar rebates, while small insurers may face
substantial cost increases from lower rebates. This will likely lead to more consolidation in
the insurance market, to the detriment of consumer welfare. In other words, PBMs help
small insurers compete, pooling market share to keep pace with large insurers. Furthermore,
this counterfactual suggests that failure to pass rebates to consumers at the point-of-sale,
and not PBMs per say, is the root cause of drugs becoming unaffordable. Eliminating PBMs
without solving this agency problem only serves to lower countervailing market power.

A second counterfactual considers a case where insurers and PBMs are barred from
negotiating for rebates. This both solves agency problems and eliminates countervailing
market power, giving a net effect of these forces. I estimate that such a policy would reduce
list prices by about 20%, to a level just above current net prices for the drugs. This would
lower out-of-pocket pharmaceutical costs paid by consumers, leading to fewer distortions
in the output market and a 5-7% increase in drug consumption. Improved efficiency in the
output market implies an overall social welfare gain. Moreover, consumers may also be better
off. This is because rebates in the current regime may or may not be ultimately passed on
to consumers through reduced premiums. In fact, consumer surplus may rise by as much as
$20 per person-year if rebates are currently not passed through to premiums.

Third, I examine a policy requiring health insurers to directly pass rebates through
to consumers at the point-of-sale (e.g. pharmacy counter), reducing their out-of-pocket
expenses by applying cost-share to net-of-rebate prices. This mitigates agency problems
without reducing countervailing market power, making consumers unambiguously better off.
I estimate that consumer prices would fall by about 25% on average, leading to an 8% increase
in drug consumption. This translates into consumer surplus gains of $22-25 per person-year
and social surplus improvements of $6 per person-year, driven by lower distortions in the
output market.”

In the final counterfactual, I examine a case where Medicare negotiates prices directly
and rebates are eliminated, a prominent policy proposal that was partially implemented after
my sample period. Economically, this increases countervailing market power by pooling all
consumer demand and resolves agency problems. Theory therefore predicts this should yield

can require the use of an oral anticoagulant. The drug demand elasticity is almost identical to estimates in
Einav et al. (2018), which leverages a different source of variation for identification.

9To put these numbers in perspective, the average insurance premium paid by consumers in this time
period is $30 per person-month.
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the largest gain in social surplus. Empirically, I find that social surplus increase by $7 per
person-year, which is only marginally higher than what can be achieved under direct rebate
pass-through. Consumers, however, can be notably better off as under this counterfactual,
there is no room for insurer or PBMs to pocket rebates as rent. As a result, consumer welfare
improves by $36-65 per person-year.

This paper makes several contributions to literature. The first is on the welfare effects
of intermediaries. To the best of my knowledge, it is the first empirical work to show
how agency frictions undermine countervailing market power. Recent works have explored
the consequences of misaligned incentives between intermediaries and their customers in a
variety of settings, including financial products (e.g. Boehm (2024) in Chilean pensions,
Hastings et al. (2017) in Mexican pensions and Robles-Garcia (2019) in UK mortgages)
and health care markets (e.g. Gruber et al. (2020) in health insurance and Grennan et al.
(2024) in pharmaceutical prescriptions). This strand of literature focuses on settings where
consumers have difficulty making decisions about complex products, leading to the need for
intermediaries. In my setting, intermediaries act as a counterweight to upstream monopolists,
though their ability to improve consumer welfare is similarly hamstrung by agency frictions.
My findings are in line with other works that find potential for countervailing market power
in settings with upstream monopolists Barrette et al. (2022).

Second, I contribute to a literature studying prescription drug pricing, which has recently
focused on the role of PBMs (e.g. Brot, Che, et al. (2025), Feng and Maini (2024), and Conti
et al. (2021)). I construct one of the first empirical models of the US drug market which
captures its vertical structure, allowing me to separate the role played by PBMs vs drug
manufacturers in drug pricing. The accompanying counterfactual analysis yields concrete
findings for policy discussions. My work also relates to the literature on centralized vs
decentralized procurement, which have generally found that centralized procurement lowers
drug prices (e.g. Dubois, Lefouili, et al. (2021), Cao et al. (2024), and Allende et al. (2025)).

Finally, I add to a literature that seeks to use tools from empirical industrial organiza-
tion to more realistically model vertical contracting (R. S. Lee et al. (2021)). My rebate
bargaining model is related to Ho and R. S. Lee (2024), which develops a theoretical model
and empirical framework for studying middleman rebate negotiations. I build on their model
by accounting for recaptures in the payoffs of the bargaining parties that naturally arise in
a marketplace where consumers can switch insurance plans and drugs. This modeling tech-
nique is conceptually similar to those used in studies of hospital-insurer interactions (e.g.
Ho and R. Lee (2017) and Gowrisankaran et al. (2015)), and allows me to endogenize the
bargaining power of middlemen. The result is a tractable tool for studying countervailing
market power in vertical markets. My model also relates to Olssen and Demirer (2023),
which uses moment inequality conditions to set identify the rebates received by insurers and
focuses on counterfactuals that change rebates and formulary placements.

The rest of the paper proceeds as follows. Section 1.2 contains background information
on US prescription drug pricing, along with descriptive patterns that motivate the model.
Section 1.3 describes the empirical setting. Section 1.4 presents the model. Section 1.5
lays out the estimation procedure and describes key estimation results. Section 1.6 covers
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counterfactual analysis. Section 1.7 concludes.

1.2 Background

The fact that prescription drug costs in the US are high is well-known, just how high and
who pays and who receives what may be less so. According to the Health Care Cost Institute
(HCCI), in 2019, a 30-day supply of Eliquis was $440 in the US, $96 in Germany, $102 in
Spain, and $162 in Switzerland. One major caveat with these international comparisons is
that in the US, the measure of price that is publicly available (and therefore quoted in these
reports) is rarely the actual price that the drug manufacturer receives. For the example at
hand, SSR Health data puts the total rebate for Eliquis in 2019 at almost 60%, so the actual
price received by its drug manufacturer is in line with the Swiss price.!’

Given the magnitude of some drugs’ rebates in the US, understanding who pays and
who receives what is crucial to dissecting the incentives in the prescription drug market.
The typical American receives health care coverage through an employer or the government
(Medicaid for the poor and Medicare for the elderly), which either comes with prescription
drug coverage or provides an option for a drug coverage add-on. When an insured individual
needs a prescription drug, she goes to a pharmacy and gets the drug for an out-of-pocket
cost, which is determined by the coverage level for the drug on her insurance plan’s drug
coverage formulary. A standard drug coverage structure may look like this: $5 co-pay for
generics, 10% co-insurance for branded drugs on the preferred tier, and 20% co-insurance for
branded drugs on the non-preferred tier. A co-pay is a flat price for the prescription, whereas
a co-insurance rate indicates that the consumer pays for that percent of list price. The list
price of a drug is set by its manufacturer for a broad geographical area (e.g. the US), and
corresponds to the $440 number in the Eliquis example above. In other words, the list price
doesn’t include any rebate that the insurer, or a middleman who bargains on behalf of the
insurer, may receive. Whether a branded drug is on the preferred (low cost-share) or the
non-preferred (high cost-share) tier is typically determined through a negotiation process for
rebates. All else being equal, a drug manufacturer is more likely to provide a larger rebate
if its drug is placed on the preferred tier, as the manufacturer expects to have more sales
when cost-share is low. Suppose our illustrative individual needs Eliquis which is on the
preferred tier of her coverage. Then she pays 10% of $440, or $44 at the pharmacy counter.
For this same transaction and at the time that the consumer picks up her drug, her insurer
pays the remaining 90% of $440, or $396. What may not even be known to the consumer is
that at some point after this transaction, her insurer, perhaps via the insurer’s middleman,
may receive a rebate related to her consumption of the drug. The size of that rebate may
be on the order of magnitude of 60% of the list price, or $264. Hence, what her insurer pays
for her drug is actually $396 minus $264, or $132. The manufacturer receives a net price
of $132+44 = $176, which implies the consumer’s effective cost-share is far higher than the
stated 10% on her insurance; it is in fact $44 / 176 = 25%.

OTnterestingly, prescription drugs carry rebates in Switzerland as well, which are not captured here.
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Often times, an insurer will outsource rebate negotiation to a middleman, who may or
may not be owned by the same entity as the insurer. The focus of this paper is the role that
these middlemen, who are called “Pharmacy Benefit Managers” or PBMs for short, play in
the prescription drug market. As the above example illustrates, the insurer likes high rebate,
because it effectively pushes the cost of drug to the consumer, and is therefore willing to pay
the middleman a cut of the rebate in order to incentivize more effort in rebate negotiations
with drug manufacturers. The drug manufacturer is in principle indifferent between high
list price and high rebate, or low list price and low rebate, as long as a certain net margin
is achieved. In reality, however, drug makers face tremendous backlash when they price
their drugs too high or increase list prices by too much, not to mention the reduced demand
induced by higher list prices, so there is some amount of constraint on how high list prices
can go. Nonetheless, these incentive structures have led to wide gaps between list and net
prices, which are observable in the data. In Figure 1.1, I show recent trends in list and
net prices for two widely-used drug classes: rapid-acting insulin (left sub-figure) and oral
anticoagulants (right sub-figure). Not only has the gap in list and net exploded since 2012,
the net price has in fact been trending marginally lower. Another way to visualize the gap
in list-to-net is by looking at rebates over time, which have been trending higher even in
percentage terms (Figure A.1). Moreover, these patterns are generalizeable to other drug
classes. In Figure 1.2, I show that the gap in the list-to-net price for the median drug (in
the universe of drugs for which I have data) has also noticeably increased.

Figure 1.1: List to Net Bubble in Drug Pricing
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Notes: These two figures show how list and net price have evolved in two drug classes: rapid-acting insulin
(left) and oral anticoagulants (right). Humalog and Novolog are two popular insulin drugs. Xarelto and
Eliquis are the two best-selling oral anticoagulants. WAC or weighted average cost, is a commonly-used
measure of list price, and is the sticker price used for transactions between the drug manufacturer and
wholesalers.
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Figure 1.2: General Trend in List and Net Price
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Notes: This figure shows how the median list price and the median net price for the universe of drugs covered
by the SSR Health data set has evolved over time.

While some insurers negotiate directly with drug manufacturers for rebates, others will
use a middleman. In theory, a middleman, by aggregating demand from many insurers, can
generate more clout to counter the pricing power of drug manufacturers for on-patent drugs.
In one PBM’s own words:

“Many plan sponsors lack the expertise or scale necessary to negotiate with drug
manufacturers for discounts. In that case, plan sponsors can hire PBMs to pro-
wvide pharmacy benefit management services. Optum Rz competes against other
PBMs to use its scale — in the form of the population of its clients’ members (i.e.,
“covered lives”) — to negotiate with drug manufacturers for discounts off the list
prices of the manufacturer’s drugs.” !

In practice, the existence of middlemen can also introduce welfare distortions. Because
payments for their services are tied to the rebates that they negotiate, middlemen are in-
centivized to negotiate high rebates. Drug manufacturers, in turn, are large and strategic
players, and have the ability to pass on higher rebates directly to end consumers through
higher list prices. Hence, the middleman and the insurer’s incentives are aligned in that both
want high rebates, but their actions can indirectly harm consumers by raising out-of-pocket
costs at the pharmacy counter. Figure 1.3 depicts a simple industry structure diagram that
highlights the key players.

HSource: Optum Rx’s response to the FT'C complaint.
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Figure 1.3: Current Industry Structure
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Notes: This simplified diagram shows the main players in the supply chain who collectlvely determine
prescription drug pricing in the US. The firm is a drug manufacturer who produces a drug, and typically
negotiates bilaterally with a number of middlemen for rebates. Each middleman in turn represents a number
of insurers, who in turn sell insurance plans to consumers. Some insurers do directly negotiate with firms,
but those tend to be in the minority. Consumers are depicted at the top of the tree, instead of the bottom,
to highlight the exposure they have to the list price set by the firm. A double-sided arrow denotes bilateral
negotiation, while a single-sided arrow denotes unilateral price setting.

The potential for consumer harm due to inflated list prices is especially prominent in the
Medicare setting — the empirical setting for this paper — where beneficiaries’ drug coverage
is tied to the benefit phase that they are in. Because the government regulates Medicare
benefits, plans design and price their benefits to be actuarially equivalent to a set of standard
benefits which changes from year to year. As an example, in 2015, the standard benefits
consist of the following. Consumers have a deductible of $320, so they pay fully out of
pocket until they reach $320 in out of pocket costs. Between $320 and $2960, the consumer
pays 25% co-insurance in what is known as the initial coverage period (ICL). Between $2960
and $4700, which is known as the coverage gap phase, the consumer pays 45% co-insurance.
After hitting $4700, the consumer reaches the catastrophic phase of coverage, and pays 5%
co-insurance for any additional drugs consumed for the rest of the year.!? Plans can vary
in their thresholds for reaching different coverage phases, as well as the co-insurance rate
(or co-pay) in each phase. Most plans stick to most of the standard benefits, and the main
parameters they differ on is whether there is a deductible phase and the cost-share structure
in the initial coverage period. To provide a sense of where beneficiaries end up, in 2015,
around 21% of beneficiaries ended the year in the coverage gap phase.'

12Beneficiaries progress through the phases based on their year-to-date accumulated out of pocket costs.
13Source: KFF
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Middleman size and rebate

A generally held hypothesis is that a larger middleman can secure a bigger rebate, relative
to a smaller middleman. To the best of my knowledge, no empirical evidence has previously
validated this hypothesis, as middleman-specific rebates are confidential. I shed light on
the relationship between size and rebate by looking at the publicly available insurer-specific
direct and indirect remuneration (DIR) data from Medicare Part D. DIR contains all price
concessions, which include manufacturer rebates to middlemen as well as other forms of post
point-of-sale price adjustments such as concessions paid by pharmacies. While we don’t
know what portion of DIR is manufacturer rebate, we do know that the rebate share of total
DIR is significant.*

Insurer-specific DIR data is available for 2014 to 2017. Since the Medicare Part D in-
surance market is concentrated, I restrict to insurers with more than 500,000 beneficiaries;
in aggregate, these insurers cover over 80% of total beneficiaries in each year. Next, I con-
nect each insurer-year observation to the PBM associated with that insurer-year, using a
proprietary data set that I describe in Section 1.3. For each PBM, I calculate the sum of
beneficiaries covered by its insurers and the mazimum of DIR per beneficiary among its
insurers. This is motivated by the fact that we don’t know the rebate split between the
PBM and each of its insurers. The rebate that we are interested in inferring is the rebate
that the PBM secures from the drugmaker, which is the sum of what it keeps and what it
passes along to the insurer. Hence, the maximum of what insurers receive is the closest proxy
to the metric of interest. Figure 1.4 shows the correlation between size (measured in total
beneficiaries) and DIR per beneficiary. Each dot represents a PBM-year observation. We
can see a clear positive relationship between size and total concessions, which is statistically
significant. Table A.1 contains regressions of rebate on size. In the preferred specification
(Model 4), which controls for year-fixed effect and removes an outlier observation, an ad-
ditional 1000 beneficiaries is correlated with an additional $0.11 in total concessions per
beneficiary.

Rebate and list price

Building on prior works that have pointed to a positive correlation between rebate and list
price (e.g Sood et al. (2020)), I assume in my model that list price changes are primarily
driven by rebates and demand conditions, and not by non-rebate marginal cost changes. In a
standard economic framework, whenever we see price rising, we tend to look for either supply
side factors (e.g. rising marginal costs) or demand side factors (e.g. consumers becoming
less price sensitive). I provide descriptive evidence that the main supply side driver of list
price is rebate by looking for cross-country comparisons. While countries outside the US will
generally have some form of centralized procurement, cost shocks should still be reflected in

1MAs Medicare notes in a factsheet, “manufacturer rebates comprise a significant
share of all DIR reported to CMS” (source: https://www.cms.gov/newsroom/fact-sheets/
medicare-part-d-direct-and-indirect-remuneration-dir, retrieved July 24, 2025).
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Figure 1.4: Middleman Size and Rebate
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Notes: This figure shows the relationship between middleman size and rebate. Each dot represents a PBM-
year observation. The x-axis is total number of beneficiaries covered by the PBM’s insurer clients. The y-axis
is total price concessions per beneficiary. While these concessions contain more than just PBM-negotiated
rebates, a large share of concessions do come from rebates.

price trends over time. Using data from the International Federation of Health Plans, Figure
1.5 compares US pricing for Xarelto to those in peer European countries: Switzerland, UK,
and Germany.'®16 Two patterns jump out. First, prices in peer countries were stable during
the study period, at around $100 per month supply. Second, even as the US list price has
skyrocketed, the US net price has been converging toward peer prices; even though the
manufacturer still makes more profits in the US, its US margin is at least on the same order
of magnitude as margins in other developed countries. I interpret the stability in pricing
over time as supporting evidence that rising list prices in the US aren’t due to cost shocks,
and the fact that US net prices are in line with European prices as indicating that rebates
are the main consideration in list price setting. Finally, the fact that US net price is not
rising is suggestive that demand is not becoming more inelastic, though it is possible that the
vertical supply chain prevents the drug manufacturer from capitalizing on changing demand

15An analysis based on cross-country comparisons, unfortunately, is constrained by data limitations.
Xarelto, which is one of the drugs that I study, happens to be one of the very few drugs for which data from
peer countries are publicly available.

16Tn the comparison countries, while some amount of rebating or concession off list price still exist, the
gap between list and net is much smaller. Hence, the prices shown for these countries can be interpreted as
the net price received by the drug manufacturer.
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conditions.

Figure 1.5: International Price Comparison for Xarelto
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Notes: This figure provides a cross-country comparison of pricing for Xarelto. Prices in non-US countries
are generally not subject to rebates, so the prices shown here are representative of actual prices. In the US,
list and net price can be substantially different; net US price is shown as a dotted line.

1.3 Empirical Setting

My empirical setting is the drug class known as novel oral anticoagulants (NOACs) in Medi-
care Part D. The first drug in this class — Pradaxa — was approved by the FDA in 2010. Since
then, three more drugs have been approved: Xarelto (2011), Eliquis (2013), and Savaysa
(2015). Colloquially known as blood thinners, these drugs are predominantly taken by the
elderly to prevent strokes and pulmonary embolism. Their two main indications are atrial
fibrillation (AFib) and deep vein thrombosis. AFib is the most common form of irregular
heart rhythm, and is a chronic condition. Based on a recent UCSF study (Noubiap et al.
(2024)), AFib affects up to 5% of Americans, which is almost the same order of magnitude
as Type II diabetes at 10%.1" Deep vein thrombosis occurs when a blood clot forms, usually
in a deep vein of the leg. This is a common complication after knee surgery.

Before the introduction of novel oral anticoagulants, the primary drug option for AFib
patients was the generic drug Warfarin, which had been around for many decades. Originally
marketed as a rat poison, Warfarin is both less efficacious than the new drugs, and can
lead to severe and serious side effects. Moreover, Warfarin users require frequent visits to
the doctor’s office in order to monitor their blood clot status and to ensure that they are
getting the correct dosage. Hence, the introduction of novel oral anticoagulants fulfilled a
large unmet need in terms of pharmacological options to mitigate stroke risk within AFib
beneficiaries.

17Source: https://www.cdc.gov/diabetes/about/about-type-2-diabetes.html, retrieved October 16, 2025.
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Anticoagulants in Medicare Part D is a good setting for this project for a number of rea-
sons. First, these are widely-used drugs whose list and net prices have diverged significantly,
as show in Figure 1.1. By around 2020, rebates for Xarelto and Eliquis were approaching
70% of their list prices. Second, the setting is relatively “clean” from a modeling perspective
as there was no generic equivalent to any of the novel drugs, anticoagulants treat well-defined
conditions, and two drugs — Xarelto and Eliquis — have dominated the US market.

Medicare Part D consists of prescription drug benefits within Medicare, which is universal,
government-subsidized health care coverage provided to those over 65 in the US. Medicare
Part D is the market for anticoagulants, as these drugs are predominantly used for conditions
that afflict the elderly. Based on claims count, over 75% of anticoagulant claims come from
Medicare Part D. Another useful feature of the Medicare market is its universal nature implies
that adverse selection is likely not a concern, at least not a first-order concern. This comes
into play when I discuss how to quantity the welfare impacts of rebates in the model section
(Section 1.4). Finally, Medicare Part D is a wonderful setting because of the availability of
individual-level claims data for research purposes. In my data set, I observe each time that
a consumer covered by Medicare uses their insurance, so I know each time they visited a
doctor’s office or a hospital, or filled a prescription.

Data

My main data sources are the 20% sample of Medicare Part D individual-level claims data,
a Clarivate PBM data set that links insurers to PBMs, and aggregate drug-specific rebates
from SSR Health. I supplement these with publicly available data from Medicare and the
International Federation of Health Plans.

The Clarivate PBM data set is a proprietary data set that comes from surveying all
insurers who offer commercial, Medicare Part D, or Medicaid insurance plans. It contains
each insurer’s self-reported relationship with PBMs who perform a set of functions, one of
which is rebate negotiation. For each insurer-state-year, we observe at most one PBM used
by that plan for rebate negotiation. The reason why there may not be a PBM is some
insurers self-negotiate with drugmakers for rebates.

The SSR Health data set contains drug-year rebates for drugs manufactured or marketed
by US-based firms. The data is constructed by looking at the financial reports of firms,
which contain net profits from drugs, and merging in third-party data on drug sale volumes
and list prices to infer rebates.

List price and consumer out-of-pocket cost

Since each consumer’s out-of-pocket cost is a product of cost-share, which is specific to an
insurance plan, and a drug-specific uniform list price, it is plausible that as list prices have
increased, insurers may have competed away this increase through lower cost-shares. In
Figure 1.6, I show the trends in consumer costs for Eliquis and Xarelto in the data. In the
left sub-figure, I show the portion of the net price received by each drugmaker that comes
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from the consumer’s out-of-pocket costs (the remainder is paid by the insurer). In the right
sub-figure, I show the out-of-pocket cost per day of drug supply. Both figures paint the
same story: costs at the pharmacy counter — which is the relevant measure for consumption
decisions — have consistently increased over time.

Figure 1.6: Consumer Cost-Sharing for Drugs
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Notes: These figures highlight the cost for prescription drugs borne by consumers at the point-of-sale. The
left figure shows the share of net price received by each drug’s manufacturer that comes from consumers’ out-
of-pocket costs. The right figure shows how out-of-pocket costs have changed over time. A large middleman
put Eliquis on the non-preferred tier in 2017, hence the discontinuous change in out of pocket costs. These
numbers exclude prescription fills in the coverage gap phase of Medicare coverage, which was going through
ACA-mandated changes in benefit design during this period.

One interpretation for these pattern is that competition isn’t working. The Medicare
Part D insurance market has indeed become more concentrated over time. A more likely
explanation specific to Medicare is that insurers price their products to a standard set of
Medicare benefits, which generally has the consumer’s cost-share at 25%.1® Moreover, there
are works in the literature (e.g. Abaluck and Gruber (2011)) that show consumers are
more sensitive to insurance premiums, relative to drug out-of-pocket costs, and so it is more
profitable for insurers to compete on premiums.

Estimation sample

To estimate the demand model, I use Medicare claims data from 2015 to 2019. The estimation
sample consists of beneficiaries in Medicare Part D standalone plans with a diagnosis code
for atrial fibrillation, did not receive government subsidies, were on traditional Medicare for

8Fach insurance plan can set its own benefits, which can also include a deductible phase. On average, a
consumer can be expected to face roughly 25% of total healthcare costs.
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the full year, and over the age of 65.19 The vast majority of beneficiaries used at most a single
oral anticoagulant drug within a year, so the setting can be well modeled by a discrete choice
demand model. For those who took more than a single drug within a year, most appear to
be switching from Warfarin to one of the branded drugs; these people were assigned to the
branded drug option. There is a small number of consumers who took Pradaxa and an even
smaller number of consumers who took Savaysa. I drop these consumers from the sample
because these drugs never took off in the US in the way that Xarelto and Eliquis did, and
I also exclude them from the drug choice set.?’ Table 1.1 shows drug shares and sample
size by year. The sample size increased from around 400,000 beneficiaries in 2015 to almost
500,000 in 2019.

Table 1.1: Drug Share by Year

2015 2016 2017 2018 2019
Xarelto 7 8 9 9 10
Eliquis 6 10 13 18 22
Pradaxa 3 3 2 2 1
Warfarin 26 24 21 18 16
None 57 56 55 53 52
N 398,388 429,331 452,236 471,294 485,258

Notes: This table shows drug shares and sample size in the demand estimation sample.

Consumer out-of-pocket costs are observed in the data for the drug option that the con-
sumer picked. For the other drug options, out-of-pocket costs are imputed by linking the
drug-specific coverage tier to the cost-share information for that tier in the consumer’s insur-
ance plan. To calculate out-of-pocket costs for the year, I assume that the consumer picks
up a 30-day supply in each month, which in combination with the other (non-anticoagulant)
drugs used by the consumer, determine the Medicare benefit phase in which each 30-day sup-
ply occurred. Put differently, out-of-pocket costs are both a function of how generously the
plan covers the drug and what other drugs the consumer is taking. The latter determines
progression through the Medicare benefit phases, and different phases can have different
cost-share rules.

To connect insurance plans to the middleman that they use for rebate negotiation, I use
the Clarivate PBM data set, which provides this mapping at the insurer level for rebate
negotiation.?!’ Table A.2 shows out-of-pocket costs as a percentage of list price for each
drug, averaged by year and by middleman, along with how many plans in the middleman’s
portfolio have a particular formulary placement for Xarelto and Eliquis. A standard cost-

9Except for the diagnosis code restriction, these sample restrictions are standard in the health literature
that use Medicare claims data.

290ne likely explanation for why Pradaxa and Savaysa couldn’t compete with Xarelto and Eliquis in the
US is they are produced by non-US firms.

21A PBM may perform a number of functions, such as rebate negotiation, benefit design, and claims
administration. An insurer may use different PBMs for different functions.
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share for the preferred tier is around 20%, while for the non-preferred tier is 50%. It is also
worth noting that most plans have both drugs on the preferred tier.
Finally, SSR Health provides nationwide average rebates at the drug level, which are

used to estimate the rebate model. This data for Xarelto and Eliquis is included in Figure
Al

1.4 Model

The model is designed to study the economic distortion at the center of this paper, which
is that PBM market power in the supply chain has pushed list prices higher than what
they otherwise would be. As a result, real prices (i.e. out-of-pocket costs) at the pharmacy
counter, which are often a fixed share of list prices, have increased as well, leaving too
many consumers unable to afford their medications. While such a quantity distortion is
commonplace in economics, quantifying it will require some additional context in the absence
of a model for rebate to premium pass-through.??

Conceptual model

One way to conceptualize this setting and the accompanying potential for welfare distortion is
depicted in Figure 1.7. The demand curve for a hypothetical drug is shown in blue. Suppose
the point (¢, OOP) is where we are currently at on the demand curve, which corresponds
to a high rebate, high list, and high out-of-pocket cost environment. Under this status quo,
middlemen exercise countervailing market power to secure a large rebate. Now, imagine a
world with low rebate, low list, and low out-of-pocket cost, which corresponds to the point
(¢', OOP’). Without loss of generality, suppose there are no rebate under (¢’, OOP’). Hence,
rebates reduce social surplus by 7"+ S. Under an assumption of no adverse selection into
the insurance market, which I discuss below, rebates reduce consumer surplus by R + T
minus the share of rebates that consumers receive via premium reduction in a high rebate
environment. As a result, consumer surplus decline due to rebates can be bounded as
(R+T — all rebates, R+ T).

An assumption of no adverse selection into the insurance market is needed to justify
these bounds on consumer surplus changes. If there is adverse selection on the participation
margin, then rebates that are passed back to consumers in the form of lower premiums may
improve welfare by mitigating adverse selection. In that case, R 4+ T — all rebates will no
longer be a lower bound on the decline in consumer surplus due to rebates.?® In the Medicare
Part D setting, it is reasonable to assume no adverse selection into the market because the
government subsidizes about three-quarters of the cost of basic coverage for all, and provides
additional subsidies for low-income beneficiaries. As a result, enrollment is quite high (e.g. in

22Such a model is outside my current framework as it would require modeling rebates for all drug classes,
not just for a specific drug class.
23The true lower bound under adverse selection will be lower than R + T — all rebates.
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Figure 1.7: Welfare Distortion

Out-of-pocket costs

OOP f========--mmmmm-

OOP/ [=========-=------i----

- Drug quantity

q

Notes: This diagram depicts the welfare distortion due to the agency problem between middlemen and
consumers. Suppose (¢’, OOP’) denotes quantity and out-of-pocket cost in a low rebate environment, which
corresponds to lower list price and therefore lower out-of-pocket costs. Without loss of generality, suppose
(¢, OOP’) corresponds to a world with no rebate. When middlemen exert countervailing market power, and
successfully negotiate for a large rebate, the out-of-pocket cost correspondingly increases to OOP and drug
consumption falls to gq. Total welfare loss from consumers substituting away from the drug is 7'+ .S. Under
an assumption of no adverse selection into the insurance market, rebates can be viewed as transfers and
consumer surplus reduction from rebates is R+ 7 minus the share of rebates that consumers receive through
premium reduction. Hence, consumer surplus loss from rebates can be bounded as (R + T—all rebates,
R+ T). Through the lens of insurance market competition, the lower bound maps to full competition and
the upper bound to a single monopolist insurer.

2018, around 75% of Medicare beneficiaries were enrolled in Part D), and those who are not
enrolled tend to have comparable prescription drug coverage from other sources.?* Moreover,
those who fail to enroll in Part D when they first become eligible for Medicare and do not
have comparable prescription drug coverage are subject to a late enrollment penalty, which
further mitigates adverse selection.

In order to capture core economics in the current setting and contemplate alternative
pricing and industry structures, we need a demand model, a model for how rebates are
determined, and a model for list price setting. These correspond to the three stages of the
modeling work presented below. In the first stage, each drug manufacturer sets a list price.
In the second stage, each middleman-drug manufacturer pair negotiates for rebates. In the
final stage, each consumer picks an insurance plan and a drug option. The timing assumption

24Source: https://www.medpac.gov/wp-content/uploads/import_data/scrape_files/docs/default-source/
reports/mar19_medpac_chl4_sec.pdf, retrieved June 4, 2025.
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is as follows: at the end of each year, drug manufacturers and middlemen make decisions on
rebates and list prices for the upcoming year. In the rebate stage, the parties have complete
knowledge of how demand would change in case of agreement and in case of disagreement,
i.e. they know about consumer demand for insurance plans and for drugs. Similarly, in the
list price stage, each drug manufacturer understands how demand for its drug will change
as it considers varying the list price.

It is worth noting that I do not model the division of surplus (i.e. rebate dollars) between
middleman, insurer, and consumer.?> While who gets what share of rebates clearly has payoff
consequences, it doesn’t impact the economic distortion highlighted above, as under an
assumption of no adverse selection into the Medicare Part D market, the division of rebates
can be viewed as transfers. Moreover, the largest middleman are (vertically) integrated
with their largest insurer clients, and so can be thought of as the same entity.2® However,
not modeling rebate division does put restrictions on how I interpret my welfare results
because the surplus kept by the middleman is rent while the surplus kept by the insurer
may be passed on to consumers in the form of premium reduction. Since I do not take a
stance on what portion of the insurer’s share of rebates is passed on to consumers through
premium reduction, I show the aforementioned bounds on consumer surplus change in my
counterfactual analysis.

Demand

A market m is defined by a geographical region-year combination. A region roughly corre-
sponds to a state and maps to the actual boundaries of a market within Medicare Part D.
Within each market, there are J,, plan options. Each plan j € J,, can cover each of the
anticoagulant drugs at varying levels of generosity, based on its formulary F;.

Drug demand

In market m, consumer ¢’s utility from consuming drug d € D = {Warfarin, Xarelto, Eliquis}
on formulary F; is given by

Uijdm = BgOOngdm + Kgdm + &jmﬂ{d #+ 0} + )\eijdm (1.1)

The model allows for consumer heterogeneity at the demographic group level, where g denotes
the group of consumer i. OOPqy, is the out-of-pocket cost for drug d on formulary F;
faced by members of group ¢ in market m. kg4, is a group-drug-market fixed effect. The
error structure &, I1{d # 0} + Ae;jam is assumed to follow that of a nested logit with nest
parameter A\. The drug choice set D constitute a nest, and the outside option of taking no

25In Brot, Che, et al. (2025), my co-authors and I look at how vertical integration between insurers and
middlemen impact the division of surplus between the two.

26In counterfactual analysis, I simulate a scenario where insurers directly negotiate with drug manufac-
turers. For the currently integrated insurer-middleman entities, this amounts to bringing the middleman
in-house and having that middleman only negotiate for its integrated insurer.
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drug is in its own (degenerative) nest. The utility of taking no drug, w;jom, is normalized to
Zero.

This nesting structure was chosen because oral anticoagulants are suitable for consumers
who have atrial fibrillation and meet certain criteria, such as a history of stroke. As a result,
when characteristics of a drug option change, we would expect different substitution patterns
between two inside options relative to between an inside option and the outside option. In
other words, there are consumers who choose no drug and they should continue to choose
no drug when features of a drug option change; putting the no drug option in its own nest
provides the model with an added degree of flexibility to accommodate these consumers.

A logit demand system is attractive for a number of reasons; here, it is especially ap-
pealing because of the closed-form solution for the expected utility from the drug choice
problem:

A
CSijm =log [ 1+ (Z eV”’“m/’\> (1.2)

keD

where Vjjpm = B;O0P gjpm + Kgrm is the deterministic portion of ;jm.

Insurance plan demand

Each consumer chooses from all available plans in a given market. Consumer ¢’s utility from
choosing plan j sponsored by insurer ¢ in market m is:

Uijm = 77¢jm + 'VCSijm + CYij + Rget + 5gm + Aégjm + €iim (13)

where g continues to denote the group that ¢ belongs to, ¢;,, denotes plan premium, C'Sj,,, is
the consumer surplus from the plan’s coverage of anticoagulants, and X, is a vector of plan
attributes. kg is a fixed effect at the group-insurer-year level which captures unobservable
quality at the insurer level. d,,, is a mean group-market fixed effect and Adg;,, is plan j’s
deviation from the group-market fixed effect. d4,, + Ad,;m capture the unobservable quality
of plan j, after controlling for insurer-level unobservables. The error term e;j,, is assumed
to come from a Type-I extreme value distribution.

Rebate negotiation

The goal of the rebate model is to allow us to infer plan-drug specific rebates. Put differently,
the rebate model solves a missing data problem which is otherwise insurmountable as detailed
rebate information are confidential trade secrets. The model is a simultaneous Nash-in-Nash
bargaining model where each drug manufacturer-PBM pair negotiates plan-drug specific
rebates. Given that the majority (over 75%) of plan formularies have both branded drugs on
the preferred tier of coverage, for each bilateral bargaining problem, I assume that when the
two parties agree, the drug is put on the observed (preferred) tier, and when they disagree,
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the drug is downgraded to the non-preferred tier on all of the middleman’s plans.?” For the
plans where the observed tier is not the preferred tier, I assume the rebate is zero and drop
them from rebate calculations.

The bargaining set-up can be conceptualized as simultaneous bargaining in J x D rooms.
For each plan j, the associated middleman k(j) and manufacturer d bargain over the per-
unit dollar rebate that the middleman receives on the quantity of drug sold to plan j’s
beneficiaries. In each room, agents have perfect information about demand, but do not
know the results of other negotiations. They form beliefs over other rebates. While I'm in
principle agnostic as to how beliefs are formed, I do impose the (strong) assumption that
beliefs are correct in equilibrium. Such an assumption is defensible in a setting where agents
represent sophisticated firms, and also repeatedly interact with each other.

For the purpose of exposition, fix a particular room jd. Let K denote all plans in
middleman k(j)’s portfolio. Let —/C denote all other plans. Let ~denote the expectation
operator, i.e. X = E;4[X].

Middleman k(j)’s gain from trade with manufacturer d is

jk _ d ~—d A —d
GT"(r)= rq; — 74 (1.4)
~—
profit if agree  profit if disagree

where r is the per-unit rebate in dollars to be bargained over, and qf is plan j demand
for the drug in case of agreement. Should the two parties disagree, the middleman secures
no rebate on drug d, but may receive more rebates on the rival drug —d, due to consumer
substitution between the two drugs when the coverage level of drug d falls. Let Aj_d denote
this quantity substitution effect, which is sometimes referred to as “recapture” in the health

care literature. A;d is given by

disagreement quantity

d non—pref d non-pref on K d obs d obs
Z Z S—djmg  * Sjmg = S—djmg * Sjmg * ng (1'5)
————
g€G meM

agreement quantity

In words, the middleman’s recapture consists of the increase in demand for the rival drug
—d in case of disagreement with manufacturer d (relative to agreement), summed across
all markets and all demographic groups. Given the structure of the demand model, drug
demand is expressed as the share of people on plan j who take a drug in a given market-
group (e.g. S_gjmg), times the share of people who choose plan j in a given market-group
(€.8. Sjmg), and multiplied by the total number of people in a given market-group, N,,.
The superscript denotes the contemplated bargaining status between middleman k(j) and
manufacturer d.

27An alternative disagreement point is exclusion, i.e. the drug is not covered at all and consumers pay
the full list price out of pocket. In the data, we don’t explicitly observe exclusion. Based on the claims cost
of beneficiaries who are on a plan that appears to exclude a drug, it seems that true exclusion is very rare
as even when the drug appears to be excluded, consumers do not pay full list price. This suggests that what
we may observe as a drug being excluded is actually a missing formulary data problem.
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Manufacturer d’s gain from trade with middleman k(j) is

GT/(r) = (b = r)g) = {P'a; ™ + D _ (0" = f?)Af} (1.6)
profit if agree le—K

profit if disagree

If the parties agree, the manufacturer receives a net price of p? — r dollars on each unit
of drug sold, multiplied by the agreement quantity q?l. If they disagree, the manufacturer
still anticipates some amount of demand from consumers who continue to purchase the drug
under the degraded coverage, denoted by q;l’dls. For these units, the manufacturer receives
the full list price. Moreover, some consumers may switch to rival middlemen’s plans in order
to gain better drug coverage. Let Af denote manufacturer d’s recapture through plan [ due

to this consumer plan switching channel if it disagrees with middleman k. A{ is given by

d __ d obs on I/ _d non-pref on K d obs on j
Al - § E Sdlmg (Slmg - Slmg ) * ng (17)
geG meM
where
d non-pref on K d obs on j
lmg  Zlmg

denotes the increase in plan [’s market share when coverage of d is degraded on all of
middleman £’s plans. Of the consumers who switch from plan j to plan [, we assume that
the share that takes drug d is the same as for the existing customers in [ under [’s observed
formulary, which is given by s§o® " .

Let b? denote the bargaining weight of middleman k(j) on behalf of plan j and relative
to manufacturer d. To capture the fact that larger middlemen are able to negotiate bigger
rebates, the bargaining weight is parametrized as a function of the size of each middleman

plus a mean-zero IID error:

b = (log(Qr) + €ja (1.8)

The error term allows for plan-drug level heterogeneity in rebates within a middleman’s
portfolio. The rebate that results from bargaining is given by

= argmax [GT(r))" x [GT7())'

J
r

From the first-order condition of the bargaining problem, each rebate 7“? has a closed-form
solution:

d _ 1d
rj—bj

(1.9)

d d
q;

ddis = ~—d A —d s—d A—d
<pd _ plg " + Zze—ic(Pd — i) Al + 7 A ) X A,
q;

Appendix A.4 contains details on this derivation.



CHAPTER 1. DO MIDDLEMEN RAISE DRUG COSTS? COUNTERVAILING
MARKET POWER MEETS AGENCY FRICTIONS 23

In this model, PBM size matters for rebates through two channels. The first is larger
PBMs have more bargaining ability. The second is more subtle, and comes from the fact
that as PBM size increases, the scope for drugmaker recapture falls. In the extreme case
that a single middleman owns the whole market, then —K is the empty set and so the term

> ' AT

le—-K

is trivially zero. Given how this term enters Eq. 1.9, rebate increases as the cardinality of
set —IC falls.

List price setting

Each drug manufacturer sets a single list price p to maximize its objective.?® From each plan
7, demand is a function of the out-of-pocket cost, which is cost-share multiplied by the list
price: OOP; = ¢s; x p. As is common in this literature, I assume that the marginal cost of
producing drug is zero. The manufacturer’s total net profits is given by

(p) = > _(p— ;) ;(O0P;(p)) (1.10)
j

where each rebate r; can be interpreted as the firm’s marginal cost of selling through that
plan.? In a standard setting, the firm would set a p that maximizes this profit objective.
However, in most health care settings in general, and this setting in particular, demand
elasticities are below unity.>® As a result, a standard price setting model won’t be able to ra-
tionalize observed prices. In reality, there are a number of forces that constrain the list prices
that drug manufacturers can charge. Arguably, the most binding constraints stem from the
threat of consumer backlash, and the threat of being scrutinized by regulatory authorities.
Two relatively recent examples involving such constraints are the pricing of Sovaldi, a cura-
tive drug for hepatitis C, and the pricing of insulin.?* A firm may also voluntarily set price
lower due to dynamic considerations, such as wanting to increase consumer willingness to
buy the firm’s products in the future, or due to altruistic considerations such as wanting to

28For notional brevity, I omit the superscript d, as everything in the list price model is specific to a
drugmaker.

29At the list price stage, I assume that rebates have been negotiated and are constant when the firm
thinks about list price setting. In Appendix A.6, I discuss an alternative price setting model, where the drug
manufacturer internalizes that for each dollar increase in list price, some portion of it goes toward rebates,
i.e. letting rebates vary with list prices. Under that model, the drug manufacturer is predicted to decrease
list price as rebates increase, which is inconsistent with the list-to-net bubble that we observe in the data
(e.g. Figure 1.1).

30As I show in Section 1.5, my demand estimates imply inelastic demand which is in line with other works
in the literature.

31Both of these examples resulted in congressional investigations and significant negative publicity for the
drug makers. Sovaldi’s price was brought down by competitor drugs and the Biden administration capped
the out-of-pocket costs of insulin under the Inflation Reduction Act.
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alleviate illness and suffering. Another source of constraints may be due to the fact that
the government is often a co-investor in R&D, especially in basic science that facilitates
later stage drug development. In order to maintain a social consensus around continued
government financial support, the firm may need to provide some price concessions.

To capture these constraints without imposing additional structural assumptions, I model
list price setting as the firm trading-off aggregate consumer surplus vs its own profits. This
modeling choice has precedents in the health economics literature: Gowrisankaran et al.
(2015) includes a term for consumer welfare in the insurer’s objective function and Ho and
R. S. Lee (2024) includes a consumer welfare term in the objective of the middleman (who
is integrated with a self-insured employer). In my setting, consumer surplus comes from the
drug demand model, which I monetize into dollars by using estimates from the plan demand
estimation.?? The firm’s objective is given by

( >~ CSijmlp ) (1= ) 7(p) (111)

7]m

I refer to ¢« as the political constraints parameter which captures in a reduced-form way all
the factors discussed above that may drive a wedge between what a pure profit maximizer
would charge and what a pharmaceutical firm can charge. It is worth emphasizing that I
don’t necessarily view the firm as literally caring about consumer welfare; the totality of
constraints forces it to behave as though it does. In a world without constraints, ¢ would
be near zero and we would be back to the standard firm price setting. If the constraints are
tightly binding, + would be near 1 and the firm would appear as though it cares a great deal
about consumer surplus.
The first-order condition with respect to list price setting is given by

0= ( Z 805’”7”) +(1- L)ZZ (1.12)

7jm

1.5 Estimation and Results

Estimation

I use Medicare claims data from 2015 to 2019 in the demand estimation, in order to leverage
across-time variations in out-of-pocket costs in identifying demand. Consumers are bucketed
into demographic groups based on risk status and gender. The construction of the risk
variable follows Decarolis et al. (2020). Since the coefficient on drug out-of-pocket cost
is identified from variation across plans, controlling for the risk status of a consumer is

32The coefficient on consumer surplus, «, informs us how many utils correspond to an unit of consumer
surplus. The coefficient on premiums, 7, tell us how many utils correspond to a dollar. The ratio /7 is the
dollar value of an unit of consumer surplus.
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important. Otherwise, we run into the issue that sicker consumers are more likely to end
up in plans with more generous coverage. I also allow the nest parameter A to vary by
year, which is motivated by the fact that Xarelto and Eliquis are new drugs during the
sample period, and so it is possible that as physicians and consumers learn more about
them, substitution patterns may change.

The nested logit drug demand model is estimated using Poisson regressions. This ap-
proach was chosen because it can efficiently handle high-dimensional fixed effects, and allows
for zero market shares in the data. The coefficient on out-of-pocket cost (f3,) is identified
from variation in a drug’s out-of-pocket costs across plans but within the same market and
the same demographic group. Hence, the identification assumption is that a drug’s cost is
not correlated with other plan-level characteristics that drive the drug’s demand. The nest
parameter (\) is identified from how drug market shares vary when a drug’s cost changes,
holding the other drug costs fixed. For example, suppose we observe two plans and two
drugs. Both plans have the same cost for drug A. Plan 2 has higher cost for drug B than
Plan 1. The difference in the share of drug B between the two plans pins down the coefficient
estimate on cost. If A = 1, then demand follows a standard logit, and substitution to drug
A and the outside option in Plan 2 should result in the same share ratio between these two
options as the ratio in Plan 1. The extent to which substitution to drug A in Plan 2 exceeds
this prediction of the standard logit pins down the nest parameter estimate.

The insurance plan demand is estimated using 2SLS following Berry (1994). I follow the
literature (e.g. Starc and Town (2020) and Olssen and Demirer (2023)) in instrumenting
for plan premium with the same insurer’s comparable plan premiums in other markets.
Appendix A.3 contains details on the demand estimation routine.

In the equilibrium of the rebate bargaining model, each bargaining room jd’s expectations
converge to their true values, and so Eq. 1.9 defines a system of J x D equations. Once
demand is estimated, we have everything needed to derive the rebates up to the parameter ¢
that governs bargaining weights. I recover ( by moment-matching to the SSR average rebate,
adjusted for middlemen’s share of total manufacturer rebates. The SSR rebate includes all
discounts provided by the manufacturer, so it contains not only rebates to middlemen but
also discounts to wholesalers and statutory rebates under Medicare (e.g. discount in the
coverage gap). Industry estimates put middlemen’s share of total rebate at two-thirds,
which is consistent with findings from Wouters et al. (2025).33

After both rebates and demand are estimated, price setting comes down to recovering
the political constraints parameter ¢, which comes from calibrating to observed list prices.

Results

The estimated demand parameters are given in Tables 1.2 (drug demand) and 1.4 (plan
demand). Since coefficient estimates are hard to interpret in a discrete choice demand,

33Source: https://www.drugchannels.net/2020/08/the-gross-to-net-bubble-hit-175-billion.html, re-
trieved June 4, 2025.
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Table 1.3 converts drug demand estimates into elasticities.>* These elasticities are calculated
holding insurance plan demand constant. For Eliquis and Xarelto, we find that own price
elasticity is around -0.3, which is in line with literature (e.g. Einav et al. (2018)). While
in theory, the demand model (through the group level heterogeneity) breaks ITA within a
given nest, we see that this is not enough to produce different cross-price elasticities between
the two branded drugs and between a branded drug and Warfarin. Though undesirable,
it shouldn’t have a first-order impact on rebates, list prices, and counterfactual analysis
because none of the use cases for the demand model involves comparing substitution to a
branded drug vs substitution to Warfarin.

With regard to the nest parameter A, the estimates show that over time, substitution
patterns are becoming more (standard) logit-like.>® This can be rationalized by the fact that
as people learn more about the new drugs, within-nest correlation between each of the new
drugs and Warfarin breaks down.

Table 1.2: Drug Demand Estimates

OOP: Risk group 1  Risk group 2 Risk group 3 Risk group 4 Risk group 5
Male -0.0006 -0.0007 -0.0007 -0.0006 -0.0005
Female -0.0005 -0.0006 -0.0005 -0.0004 -0.0004

Nest parameter: 2015 2016 2017 2018 2019
A 0.23 0.42 0.46 0.86 0.85

Notes: This table contains drug demand estimation results. I account for two dimensions of individual
heterogeneity: a consumer’s risk group and gender.

Table 1.3: Drug Demand Elasticities

Change in price
Change in demand | Eliquis Xarelto Warfarin

Eliquis -0.30 0.05 0.02
Xarelto 0.05 -0.27 0.02
Warfarin 0.05 0.05 -0.01

Notes: This table shows own and cross drug demand elasticities.

For insurance plan demand, I find an average demand elasticity of -2, which is on the
more inelastic end of the range in the literature: -2 to -6 in Lucarelli et al. (2012), -5 to
-13 in Decarolis et al. (2020), and -4 to -6 in Starc and Town (2020). This may reflect the

34T use 2015 data for estimating the rebate and list price models, so all of results presented from here
on out are specific to 2015 unless otherwise noted. 2015 is chosen because this is the first year where both
Eliquis and Xarelto have nontrivial demand. I focus on an earlier year in the sample, in order to minimize
the effect of dynamics in driving rebates and list prices. These considerations are discussed in more detail
in Section 1.6.

35In my notation, A = 1 corresponds to a standard logit.
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Table 1.4: Insurance Plan Demand Estimates

Variable Coefficient estimate
Premium -0.03
Has deductible -1.14
Is enhanced -0.14
CS 1.51
Plan age 0.21
Tier 1 share 10.03
Tier 2 share 24.90
Tier 3 share 48.96
Tier 4 share 2.05
Has copay tier 2 -0.63
Has copay tier 3 0.54
Has copay tier 4 0.67
Constant -5.34

Notes: This table contains insurance plan demand estimation results.

fact that consumers in my estimation sample are sicker, as I restrict the estimation sample
to consumers who have a diagnosis code that can require the use of an oral anticoagulant.
Having a diagnosis for atrial fibrillation is also correlated with other ailments.

Next, I calculate how own drug demand changes in response to changes in formulary
placement (which maps to changes in out-of-pocket costs), the substitution pattern between
the two branded drugs, and how willing consumers are to switch plans in order to keep
taking their preferred drug. Table 1.5 shows for each middleman and each drug, how own
demand changes in response to an own formulary downgrade, and how much of the own
demand change is recaptured by the middleman and the drug manufacturer.®® For example,
for CVS, we find that if Eliquis’ formulary placement is downgraded from preferred to non-
preferred, then own demand will drop by 52%. 17% of the people who stop taking Eliquis
will switch to Xarelto (and be “recaptured” by the middleman as the middleman collects
rebates from the rival drug manufacturer), while 2% will switch plans in order to maintain
access to Eliquis at preferred cost-shares. These results imply that consumers don’t like to
switch plans, which is consistent with findings in the literature of inertial consumers (e.g.
Handel (2013)).

For the rebate model, I recover a preliminary estimate for ( of 0.04. Model-implied
rebates are given in column 5 of Tables 1.6 and 1.7, for Eliquis and Xarelto, respectively.
Note that by construction, plans that put a branded drug on the non-preferred tier will have
a zero rebate for that drug. The model-implied bargaining weights range from 0.44 to 0.52.

Finally, for the list price model, I calibrate to a value of 0.98 for the political constraints
parameter ¢. Ex-post, it shouldn’t be surprising to find a large value of ¢, which is directly
driven by the fact that drug demand is inelastic, both in the literature and in my setting here.

36 Aetna is an outlier because some of its observed formularies already have Eliquis on the non-preferred
tier. Therefore, a downgrade to non-preferred generates relatively little change in own demand.
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Table 1.5: Substitution Patterns

Eliquis Xarelto

Own  Middleman Drugmaker Own Middleman Drugmaker
Rebate entity change  recapture recapture | Change  recapture recapture
Aetna 0% 0% 0% -52.7% 8.7% 2.7%
CVS/Caremark -51.8% 17.2% 2.1% -53.5% 15.9% 2.4%
Catamaran -43.4% 8.3% 2.2% -35.9% 12.3% 2.6%
Express Scripts -48.1% 14.8% 2.1% -49.8% 13.2% 2.3%
Humana -46.2% 15.4% 1.7% -47.8% 14.2% 2.0%
OptumRx -50.2% 16.7% 1.9% -52.2% 15.2% 2.1%
Prime Therapeutics | -44.6% 14.6% 1.5% -54.6% 11.5% 1.9%

Notes: This table shows model predictions of how drug demand would change in the event of a formulary
downgrade. For example, I find that if CVS downgrades coverage of Eliquis from preferred to non-preferred,
then the demand for Eliquis would fall by around 52% among CVS plans; of this drop, 17% would be
recaptured by CVS through consumer switching into Xarelto and 2% would be recaptured by the drugmaker
through consumer switching into a non-CVS plan.

The fact that ¢ is so close to 1 is perhaps surprising. Another interpretation of this finding
is that drug manufacturers do not engage in marginal-cost pricing since drug products are
generally covered by insurance, and ¢ denotes how far off we are from marginal-cost pricing.
Put differently, if the drug manufacturer were to raise list prices more, the value of insurance
to consumers would be further degraded. Drug manufacturers understand that there is only
so much room they have to push list prices before triggering potentially catastrophic public
backlash.
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1.6 Counterfactual Analysis

Motivated by the forces of countervailing market power and agency frictions, I consider four
counterfactuals, which are summarized in Table 1.8. Figure A.2 through A.5 show simpli-
fied diagrams for the industry structure under each counterfactual. The first counterfactual
(“direct negotiation”) dials down countervailing market power by stripping away the mid-
dleman layer in the vertical supply chain, and imposes that insurers directly negotiate with
drug manufacturers for rebates. The second counterfactual (“firm pricing”) gives all the
bargaining power for rebates to drug manufacturers, in which case they will set a price and
provide no rebates. Under this counterfactual, both agency frictions and countervailing mar-
ket power are removed, leading to an evaluation of their net impact in the status quo. The
third counterfactual (“rebate POS pass-through”) removes agency frictions by compelling
middlemen and insurers to share rebates with consumers at the point-of-sale (POS), which is
usually a retail pharmacy. Under this counterfactual, instead of paying out-of-pocket costs
based on the list price, consumers would pay costs based on the net-of-rebate price. Fi-
nally, I simulate what would happen if countervailing market power is held by a single entity
who negotiates an uniform net price, which approximates Medicare centrally negotiating for
all plans in Medicare Part D. In all counterfactual analysis, I hold constant cost-share, as
a fraction of the list price, and insurance plan coverage generosity. This is reasonable in
the Medicare setting because coverage generosity is largely determined by a set of standard
benefits dictated by the government.

Table 1.8: Summary of Counterfactuals

Rebate
Status Direct Firm POS Medicare
pass-
quo negotiation pricing through negotiation

1) (2) 3) (4)

Agency problem v v X X X
Govern-

Countervailing market power PBMs Insurers None PBMs ment

Notes: This table summarizes how each counterfactual differs from the status quo, based on how it
adjusts agency frictions and/or countervailing market power.

All counterfactuals are evaluated relative to the status quo, which is the current system
that we live under, where insurers hire PBMs to negotiate for rebates and consumers pay
cost-share on list prices. The insurer’s payoff consists of rebates kept as rent.3” The con-
sumer’s payoff is out-of-pocket costs at point-of-sale, reduced by rebates received through
premium reduction. Finally, the drug manufacturer’s payoff is net price received on drug
quantities sold. Figure A.6 contains a summary of how each party’s payoff changes under

37T assume that drug costs not paid by consumers at point-of-sale come from their premiums. In this
sense, drug costs paid by insurers is a pure pass-through and shouldn’t be viewed as payoff relevant.
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each counterfactual (relative to the status quo). For each party, the numbers are displayed
such that a positive change benefits that party. Figure 1.8 compares surplus across the
counterfactuals, once again relative to the status quo. The darkest blue bar shows consumer
surplus change assuming that insurers pass 100% of rebates to premiums, while the lightest
blue bar shows surplus change assuming that insurers pass 0% of rebates to premiums. As
previously discussed under the conceptual model in Section 1.4, full and no rebate to pre-
mium pass-through in the status quo map to bounds on consumer surplus change due to
drug prices being inflated by rebates. Note that in this setting, drug quantities demanded
constitute a sufficient statistic for social welfare; under the maintained assumption that cost-
share ratios are fixed, this implies that the list price is a sufficient statistic for social welfare.
The remainder of this section discusses each counterfactual in more detail and ends with a
discussion of external validity and potential caveats.

Figure 1.8: Surplus Comparison Across Counterfactuals

I Ccs100 [ CS50 cS0 I Social surplus

59

60
1

Change vs status quo ($ per person-year)

-20
1

Direct negotiation Firm pricing Rebate POS pass-through  Medicare negotiation

Notes: This figure shows consumer and social welfare change vs the status quo under each counterfactual.
A summary of what these counterfactuals represent relative to the status quo can be found in Table 1.8.
An industry structure for the status quo is depicted in Figure 1.3 while an industry structure for each
counterfactual can be found in Figure A.2 through Figure A.5. The blue bars show consumer surplus change
based on how much rebates insurers pass through to consumers via premium reduction in the status quo.
The darkest blue bar assumes 100% pass-through and the lightest assumes 0%; the former represents the
lower bound on changes in consumer surplus and the latter the upper bound, as explained in Section 1.4.
The green bar shows social surplus change, and corresponds conceptually to area T'+ S in Figure 1.7.



CHAPTER 1. DO MIDDLEMEN RAISE DRUG COSTS? COUNTERVAILING
MARKET POWER MEETS AGENCY FRICTIONS 33

Direct rebate negotiation

In this counterfactual, I simulate outcomes assuming that each insurer directly engages
in bilateral rebate bargaining with each drug manufacturer. Tables 1.6 (Eliquis) and 1.7
(Xarelto) show for each drug and each insurer, how the rebate negotiated through a PBM
differs from a directly negotiated rebate. Two things change under this counterfactual. First,
holding bargaining weight constant, any given insurer-drug manufacturer pair may have
different disagreement payoffs relative to the corresponding middleman-drug manufacturer
pair. For example, a middleman (which tends to be larger in size) can more effectively shut
down the manufacturer’s recapture, which comes from consumers switching into a different
insurance plan. Second, since bargaining weight is modeled as a function of size, each insurer
will have a lower bargaining weight relative to that insurer’s PBM.

Column 9 of Tables 1.6 and 1.7 shows how the insurer-drug specific rebates would change
from changes in the drugmaker’s recapture only (and holding the bargaining weight constant,
meaning that the insurer inherits the same bargaining weight as its middleman). Column
10 shows the additional contribution to the rebate change from adjusting the bargaining
weight based on the insurer’s size, as measured by the number of consumers enrolled in its
plans. Column 11 shows the total change in rebate, from allowing both the recapture and
the bargaining weight to adjust. Strikingly, the drugmaker’s recapture is essentially zero
across the board, which is a function of the fact that consumers do not like to switch plans.
In addition, for certain markets, the insurer has the same size as the PBM. This is especially
the case for Prime Therapeutics, which represents Blue Cross Blue Shield (BCBS) plans.
For example, within North Carolina, Prime Therapeutics represents only BCBS NC. Not
surprisingly, the largest insurers (e.g. UnitedHealth) achieve comparable rebates directly
as they would through a middleman, while the smallest insurers may end up with rebates
that are up to 14 percentage points lower. What’s perhaps a bit more surprising is that
in aggregate, rebates are only lower by 1 percentage point under direct negotiation, which
implies that list prices would fall by under 1% vs the status quo. This is due to the fact that
the insurance market is fairly concentrated.

Another interpretation of these findings is that the middlemen help the smaller insurers
compete with the larger insurers. Without the middleman, the smaller insurers likely will not
be able to offer insurance coverage that is competitive with the larger insurers’ offerings. In
return, the middleman presumably extracts a handsome profit. While modeling the division
of surplus between the insurer and the middleman is outside the scope of this project, it
stands to reason that both parties benefit from the relationship or else we would not observe
it in practice.

Firm pricing

Under firm pricing, I simulate what price each drug manufacturer would set under no rebate
by setting the marginal cost in the firm’s profit term to zero (i.e. r; = 0 in Eq. 1.10). I
assume that insurers continue to cover the drug at the observed level of coverage in spite
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of receiving no rebate. Another way to think about this counterfactual is it corresponds to
setting the bargaining weight of the middleman to zero in the rebate bargaining model. For
2015, I find that firm pricing for Eliquis is $8.47 and for Xarelto is $9.02, corresponding to
a 23% and 18% reduction from their shared list price of $11 in the status quo. For each
drug, the firm price falls in between the list price and the net-of-rebate price in the status
quo, but is much closer to the latter, which is consistent with descriptive evidence that drug
manufacturers pass rebates through to list prices close to 1 to 1.3®* These declines in list
price, and by association, in out-of-pocket costs, correspond to a 5-7% increase in drug sales.
Clearly, drug manufacturers are unambiguously better off under firm pricing, as we would
expect. Social welfare is also unambiguously higher, as the higher drug consumption moves
us down the demand curve. Finally, consumer welfare may increase by as much as $20 per
person-year if insurers pass no rebate to premium in the status quo. This finding is sensitive
to what we assume about this pass-through parameter. In a world where insurers pass on all
rebates, consumers would lose by $9 per person-year. To put these numbers in perspective,
the average insurance premium in this time period is $30 per person-month.

Rebate point-of-sale pass-through to consumers

Suppose that rebates are passed on to consumers at the point-of-sale, meaning that their
out-of-pocket costs are based on net-of-rebate prices. For 2015, the aggregate rebate is 23%
for Eliquis and 25% for Xarelto. Under this counterfactual, consumers would see their out-of-
pocket costs fall by the same percentages, leading to around 7% increase in drug utilization.
This corresponds to at least $22 per person-year in consumer surplus gains, or 6% of average
annual premiums. Social surplus increases by $6 per person-year.

This counterfactual produces the tightest bounds on consumer surplus gain, for two
reasons. First, basing out-of-pocket costs on net prices means we are sharing rebates with
the consumer at the point-of-sale in proportion to their existing cost-share, which is around
20% in general. This means that the remaining 80% of rebates continues to flow through
the current system. If consumers currently benefit significantly from rebates reducing their
premiums, then they will continue to benefit to a large extent. Second, the value to a
potential anticoagulant user of a dollar reduction in the list price at the point-of-sale is larger
than that dollar being used to reduce premiums, because the latter benefits all beneficiaries,
including those who are healthy and do not need a drug.?® For example, suppose a beneficiary
with atrial fibrillation has a 20% cost-share in a plan with 100 subscribers. She will see her
out-of-pocket costs fall by $0.20 for each dollar of rebate that is passed on at the point-of-sale.
That same dollar of rebate will reduce her premium by only $0.01.

Relative to consumer surplus gain, social surplus gain is more modest at $6 per person-
year. This is driven by the (inelastic) quantity response to reduced out-of-pocket costs.

38Using data on list and estimated net prices of U.S. branded pharmaceuticals, Sood et al. (2020) find
that on average, a $1 increase in rebates is associated with a $1.17 increase in list prices.
39Tn this analysis, I do not take the welfare impact of non-atrial fibrillation beneficiaries into account.
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Medicare price negotiation

This counterfactual closely mimics the provision of the Inflation Reduction Act of 2022 that
gave Medicare the authority to directly negotiate prices for drugs that meet certain criteria.
The first set of negotiated prices was announced in 2024 and will enter into effect in 2026.
40 Under Medicare price negotiation, each drug manufacturer enters into discussion with
the government for a single (net) price for each drug in the firm’s portfolio that is subject
to negotiation. This single price would then be used throughout the supply chain, including
for calculating out-of-pocket costs. Hence, the pricing mechanism induced by Medicare
negotiation can be viewed as a single entity who aggregates all demand and engages in price
negotiation with the drugmaker.

Though there is no rebate under Medicare negotiation, I can run this counterfactual
as though there is rebate, and interpret the net-of-rebate price as the negotiated price.
I find that under a single middleman, aggregate rebates would increase by 4 percentage
points, which brings total reduction in out-of-pocket costs to around 28%. This implies an
8 percentage points increase in drug consumption. Consumer surplus gains are substantive
at $30-59 per person-year, and are driven by two sources. First, relative to the status quo,
Medicare negotiation leaves no room for the insurer or PBM to pocket rebates as rent. This
is why at the lower bound — which assumes consumers fully benefit from rebates in the status
quo — consumer welfare change under Medicare negotiation is 1.4x the change under rebate
POS pass-through, and at the upper bound, this ratio rises to 2.4x. The second driver of
consumer surplus gain is more straightforward and stems from the reduction in out-of-pocket
costs.

Since this counterfactual has the largest reduction in out-of-pocket costs, social surplus
improves by the most out of all counterfactuals. The magnitude of improvement is still
modest, at $7 per person-year.

Discussion

Given a prevailing understanding, perhaps from European experiences, that direct govern-
ment involvement leads to lower drug prices, it is perhaps surprising that Medicare negotia-
tion is only predicted to raise rebates by 4 percentage points. This stems from the structural
assumption that bargaining ability increases concavely in middleman size (per Eq. 1.8).
One way we can sanity check this vs reality is by looking to the outcome of actual Medicare
price negotiation for Xarelto and Eliquis in 2024. Since my rebates data end in 2021, to
be conservative, suppose that rebates stayed at 2021 levels (the actual data, as shown in
Figure A.1 shows an upward trend). Then the actual Medicare-negotiated price of $231 for
Eliquis and $197 for Xarelto represent an increase in rebates of 13 and 14 percentage points,
respectively.*! If, however, we assume that rebates between 2021 and 2024 increased in line
with the observed time trend, then Medicare’s prices only represent a 6 and 9 percentage

40Source: CMS.
41Source: CMS.
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point increase in rebates. From this perspective, the model-based predictions are arguably
qualitatively consistent with real-world experiences.

Another component of Medicare negotiation that is not widely understood is the fact
that this format of pricing is equivalent to compelling insurers and PBMs to fully pass on
rebates to consumers, in both the calculation of out-of-pocket costs and the determination of
premiums (i.e. set the premium to give full credit to any rebates received by an insurer). As
a result, not only do the users of prescription drugs benefit, the non-users who are enrolled
in Medicare Part D plans benefit as well from lower premiums. The degree to which this
will occur depends on how much of current rebates are used to reduce premiums, which is
in turn a function of insurance market competition. There are signs, which are confirmed
in the data, that the Medicare market has become quite concentrated. If that’s indeed the
case, then all enrollees in Medicare would benefit from more premium reductions, vs if the
market is more competitive.

Since I have a static model, it is worthwhile discussing how dynamics may impact rebates
and list prices over time. At least for some drugs, the patterns in the data (e.g. Figure 1.1)
can potentially be rationalized by each drug manufacturer picking a launch list price, and
then adjusting that by a fixed amount every year. Both the launch price and the annual
adjustment can be engineered so that over the course of the expected patent duration of the
drug, the manufacturer realizes a certain amount in net profit, after accounting for all the
rebates it may need to provide. An even more extreme version of this would be the drug
manufacturer sets the maximum launch price and increases it by as much as possible every
year. Note that even if this is the model of decision-making by drug manufacturers, there
are likely still constraints on pricing. At least for oral anticoagulants, there is evidence from
medical journals (e.g. Harrington et al. (2013)) that even at their (relatively high) launch list
prices, they still provide compelling value through the lens of cost-benefit analyses. Hence,
without any pricing constraints, their launch prices would likely have been even higher.

Dynamic considerations are potentially significant as a confound mainly for the firm
pricing counterfactual, because that is the only counterfactual that substantively relies on
the model to assess how list prices would change in response to removing rebates. Arguably,
as a drug matures on the market, how it has been priced in the past matters more for the
present under a dynamic setting. When a drug is newly rolled out on the market, there may
be more scope for the firm to make adjustments. This is why I focus on an earlier year —
2015 — in the estimation sample for the rebate and list price model estimation, and for the
counterfactuals. All of this is not to say that dynamic considerations in drug pricing are
unimportant; in fact, it is likely an underexplored area that merits more consideration in
future work.

1.7 Conclusion

This paper sheds light on US prescription drug pricing by studying the role of the middleman
in determining drug costs. In theory, a middleman, by aggregating demand through multiple
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insurers, can countervail the pricing power of drug manufacturers for on-patent drugs. At
the same time, a middleman may exacerbate the gap between list and net price, and thereby
make drugs less affordable for consumers who depend on them. These trade-offs have featured
in on-going policy discussions around drug pricing, which have pitted drug manufacturers
against middlemen.

By bringing consumer drug and insurance plan demand, rebate negotiation, and list price
setting together into a coherent and tractable modeling framework, I contribute new eco-
nomic insight to this vital policy debate. By necessity, the model cannot capture all of the
different moving parts in this complicated multi-layer industry. Arguably, it captures in a ro-
bust framework the core economic forces that are likely to be of first-order significance. First,
demand estimates from both this paper and the broader literature indicate that consumer
demand for prescription drugs is highly inelastic at observed out-of-pocket costs, which are
in turn a fraction of list prices. These facts imply that a firm must be subject to some
constraints in its price setting, or else we won'’t be observing pricing at the inelastic portion
of demand. By modeling price setting as though a firm is trading off consumer surplus vs its
own profits, I can parsimoniously capture these constraints without imposing more partic-
ular functional form assumptions. Second, while the rebate model and the list price model
fit together coherently, they are also separable in the sense that the assumptions made for
inferring rebates are self-contained and shouldn’t have first-order spillover effects onto the
list price model. One key assumption made is that the bargaining ability of the middleman is
increasing in its size, which closely aligns with how industry insiders describe their business
model and also appear supportable in data. Since the model-predicted rebates are matched
to industry averages, even if the model specification for rebates is incorrect, conclusions
about the overall size of rebates should continue to hold, and these are the key inputs to the
upstream list price setting model.

My main findings shed new light on the role of the middleman, and what can be done
to make drugs more affordable and thereby improve consumer welfare. At first glance,
middlemen appear to do little: in aggregate, the countervailing market power they hold is
not much greater than what the big insurers can wield. This means that with or without
middleman, both rebates and list price may be high. However, this interpretation is not
the full story — middlemen may potentially help smaller insurers, whose size puts them at
a disadvantage in a hypothetical world where each insurer negotiates directly with each
drug manufacturer. It is worth noting that there are concerns about other aspects of the
middleman that I don’t consider in this project, such as their ability to steer business to
affiliated pharmacy networks and reimburse themselves at higher rates than independent
pharmacies.

Another key finding is that while the agency problem induced by having consumers pay
out-of-pocket costs based on list prices is unambiguously welfare-reducing, the magnitude of
this distortion is modest due to inelastic demand. A beneficiary with atrial fibrillation will
realize a surplus bump of around 6-7% of annual premiums if they can pay out-of-pocket
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costs based on net-of-rebate prices.*?

A final finding worth highlighting, which ties into recent political developments, is the
value of government negotiation for lower drug prices. The government can be thought
of as holding the ultimate countervailing market power viz-a-viz drug manufacturers, and
correspondingly, can secure larger rebates, or lower net drug prices. At the same time,
the government doesn’t need to be compensated for its service through rebates, and the
format of price negotiation can fully exclude rebates. Through the lens of my model, I
find that consumers would gain by 8-17% of annual premiums under Medicare negotiation.
If consumers are currently getting little out of rebates, then they would gain more from
Medicare negotiation.

On the whole, one direction for future research that emerges from this project is the po-
tential for countervailing market power to reduce dispersion in downstream market outcomes.
In my setting, it is likely that countervailing market power at the PBM or government level
helps smaller insurers compete against larger insurers, by facilitating access to comparable
rebates. To fully dissect the implication of this, however, would require a model of insurance
plan competition and a model of how surplus is split within each PBM-insurer pair; these
are outside the scope of this project. Nonetheless, the fact that we observe small insurers
contracting with big middlemen implies that there are mutual gains from these relationships.
That, in and of itself, is already indicative of a positive effect of countervailing market power
on downstream competition.

420ne potential concern with sharing rebates with consumers at the point-of-sale is that in
doing so, these confidential rebates will be publicly revealed, which may reduce drug manufac-
turers’ incentive to provide them. This doesn’t appear to be an insurmountable obstacle, as
United Health has implemented a rebate pass-through program (source: https://www.wsj.com/articles/
unitedhealth-will-pass-drug-rebates-directly-to-some-consumers-1520337601, retrieved May 27, 2025).
Moreover, there are precedents in other parts of healthcare, such as outpatient services, where cost sharing
is applied after a negotiated discount.
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Chapter 2

Pharmacy Benefit Managers and
Vertical Relationships in Drug Supply

2.1 Introduction

Prescription drug spending accounts for 10% of U.S. health care spending (Kakani et al.
2020b). In contrast to other health care settings, the prescription drug market has a set
of entities that act as intermediaries between payers and manufacturers: pharmacy benefit
managers (PBMs). Health insurers outsource the design and implementation of pharmacy
coverage to PBMs, who manage benefits on their behalf. While PBMs engage in several
key functions, one of these functions is to negotiate with drug manufacturers on behalf
of their insurer clients. PBMs request rebates from manufacturers (side payments from
manufacturers to PBMs) in exchange for the PBMs convincing their insurer clients to provide
favorable insurance coverage for the manufacturers’ drugs. PBMs pass some of these rebates
on to the insurer while pocketing some for themselves, a practice known as “spread pricing.”!

Policymakers have been concerned about the role of PBM behaviors in driving up prices
and reducing access to drugs. In particular, there are new worries about the vertical market
structure of PBMs. Major health care markets in the U.S. are now dominated by three
major players (CVS/Caremark, Express Scripts, and OptumRx), each of which is vertically
integrated with a major insurer (Aetna, Cigna, and UnitedHealthcare). Vertical integration
comes with both potential costs and potential benefits. A key benefit is reduced double
marginalization in the supply chain. When an insurer is integrated with its PBM, it inter-
nalizes the full rebate (which accrues to the joint entity), a greater amount than it would
otherwise get due to spread pricing. In turn, insurers will then pass this through to customers
in the form of lower premiums. However, a key potential cost is that, since the integrated
PBM internalizes its insurer’s profits, it has the incentive to harm rival insurers to improve

'Recent reports argue that PBMs no longer engage in spread pricing in the way that occurred in the time
period we study. We think of our model as broadly representing any rents PBMs extract from manufacturer-
insurer intermediation, regardless of how those rents are structured contractually (i.e., linear fees vs. fixed
fees).
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its own market standing (typically called “raising rivals’ costs”). It may both exert less effort
in bargaining with manufacturers on rival insurers’ behalves and may withhold more of the
rebates. This, in turn, will increase downstream premiums faced by rival insurers’ clients.
It is an empirical question which of these effects is stronger, i.e. if the costs of vertical
integration outweigh the benefits.

We set up a conceptual framework that shows that, fundamentally, the welfare trade-off
in permitting vertical integration depends on 1) the extent to which PBMs engage in spread
pricing, which corresponds to the extent of double marginalization; and 2) the extent of
competition on plan generosity in the insurance market, which corresponds to the PBM’s
incentives to raise rival insurers’ costs for the benefit of their integrated insurer. Our model
characterizes: (i) the nature of the conduct in PBM-manufacturer dealings; (ii) the nature
of the conduct in PBM-insurer dealings; (iii) demand and competition in the market for
insurance; and (iv) consumer demand for prescription drugs. We follow recent work on ver-
tical interactions by modeling conduct in rebate-sharing as Nash-in-Nash bargaining between
PBMs and their counterparts, both upstream and downstream, with conduct summarized
simply by a set of bargaining weights that govern the relative power of each party engaged
in a bilateral transaction.

We then estimate this framework empirically in the context of the Medicare Part D
prescription drug market for U.S. seniors. We employ granular insurer and claims data from
Medicare Part D; data on upstream drug rebates from SSR Health; and data on contractual
relationships between PBMs and insurers. We focus our analysis on oral anticoagulants
(known colloquially as “blood thinners”), a class of drugs prescribed to reduce the risk of
a fatal stroke. This class of drugs saw an explosion of new innovative drugs in the early
2010s, with entry of three blockbuster drugs that are often referred to as DOACs (direct oral
anticoagulants). These entrants had higher list prices than the existing generic alternative
(warfarin), and, to compensate, high rebates, making it an important case study of PBM
activities.

Our empirical approach proceeds in several steps. First, we estimate demand for oral
anticoagulants conditional on plan enrollment. Each consumer in the data enrolls in a specific
health plan with specific formulary coverage, giving terms for drug pricing and availability.
We estimate consumer willingness-to-pay for two on-patent brands and generic warfarin,
with an outside option of no drug purchase. Consumer purchases depend on their health
conditions, health history, historical drug use, and other contextual / demographic variables.
Our approach to estimating drug demand follows that in the contemporary literature on
pharmaceutical drug markets (Dubois, Gandhi, et al. 2022; Olssen and Demirer 2023; Brot,
Burn, et al. 2023; Feng and Maini 2024; Starc and Wollmann 2025).

Second, we use drug demand conditional on plan enrollment as an input into insurance
plan demand estimation. Demand for plans trades off premiums against coverage, with the
latter summarized as expected utility given a plan’s formulary coverage, translated through
our drug demand model. Demand also depends on other characteristics such as brand and
other coverage determinants. This specification also builds on recent work in the literature
(Abaluck and Gruber 2011; Abaluck and Gruber 2016; Polyakova 2016; Ho, Hogan, et al.



CHAPTER 2. PHARMACY BENEFIT MANAGERS AND VERTICAL
RELATIONSHIPS IN DRUG SUPPLY 41

2017).

The next part of our implementation involves estimating bargaining weights for both sets
of upstream relationships in our setting. This involves estimating the determinants of both
manufacturer-PBM and PBM-insurer rebates. We take a Nash-in-Nash approach to both,
and use a combination of average rebates from the SSR Health data and imputed rebates
from Part D public reporting. We match our model to these moments, and invert it to
estimate relative bargaining ability at each stage.

For drug demand, we find that, the two branded options face own-price elasticities of -0.3
(Xarelto) and -0.27 (Eliquis), both in line with prior research on demand for chronically used
branded drugs. We find that these branded drugs compete with each other (and Warfarin)
to only a modest degree. We estimate that plan demand is relatively inelastic to premiums
and especially inelastic to formulary value, implying that plans compete only weakly over
coverage. Consumers value (by revealed preference) one dollar of up-front premium reduc-
tions by substantially more than the same dollar applied to reducing out-of-pocket prices for
anticoagulants.?

We estimate that, on average (weighted by patients), PBMs have a relative bargaining
weight (relative to manufacturers) of 0.58, implying they capture a substantial share of man-
ufacturer surplus. In contrast, in dealing with insurers, they only have a relative bargaining
weight of 0.1, implying that much of the manufacturer surplus they capture is passed through
to insurers. On average, we estimate that insurers retain 82% of the rebates obtained by
PBMs; integrated PBMs pass through 65%, less than the 85% passed through by standalone
PBMs.

We use our demand estimates to study the consequences of vertical integration and dis-
integration. Our current analysis focuses on the integration between CVS/Caremark and
Silverscript. We study the impact of their integration on their own rebate negotiations, as
well as Caremark’s negotiations with First United American, a small third-party insurer. We
estimate that, in the status quo world with vertical integration, Caremark passes through
59% of its rebates in the anticoagulant space to First United American. By assumption,
it passes through 100% of this rebate to Silverscript, which is vertically integrated. We
then simulate the scenario where Silverscript and CVS/Caremark are no longer vertically
integrated. Under this arrangement, Caremark would pass through 61% of the rebate to
First United American, suggesting that Caremark did indeed raise rival insurers’ costs due
to its integration with Silverscript. Further, we find the Silverscript benefits from the PBM’s
preferred formulary with or without the additional rebate. Thus, the incentive for Caremark
and Silverscript to deal with one another is substantially weaker absent formal integration.
This suggests that Silverscript benefits substantially from integration with Caremark, though
this abstracts from important aspects of PBM competition.

2Prior research highlights that consumers typically place a higher emphasis on premiums than on other
plan features when choosing plans. See, e.g., Abaluck and Gruber (2011) and Gruber et al. (2020). In our
context, it is also plausible that the degree to which consumers overweight premiums relative plan experience
factors depends on specific assumptions we make, as we discuss later.
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We make several key contributions to the literature. We add to a recent literature fo-
cusing on the role of PBMs in the drug financing ecosystem, addressing a variety of angles.
Most closely related are Olssen and Demirer (2023) and Ho and R. S. Lee (2024), who both
focus on the role of the PBM in formulary design, with subsequent implications for drug
access, and pricing. These two papers assume that the insurer and PBM have fully aligned
objectives, treating them as a single entity that intermediates between drug manufacturers
and consumers. This contrasts with our work, which separately models PBMs and insurers
in order to study vertical integration between these parties. Other recent work focuses on
the consequences of PBM activities for list prices (Conti et al. 2021; Feng and Maini 2024;
Che 2025) and innovative activity (Agha et al. 2022). Our study also closely relates to Gray
et al. (2023), who retrospectively estimate the effect of UnitedHealthcare’s acquisition of
Catamaran on downstream premiums in Medicare Part D. They find that the acquisition re-
sults in higher premiums at Catamaran’s other clients, consistent with the anti-competitive
foreclosure of rivals (similar in spirit to our findings). They also find no improvement in the
premiums of plans offered by UnitedHealthCare (different than our findings). This different
latter result may arise from the fact that, pre-acquisition of Catamaran, UnitedHealthcare
was already integrated with a PBM (Optum), lowering the potential gains from reducing
double marginalization and raising the potential harms of foreclosure through upstream hor-
izontal consolidation. In addition to this distinction, our approach estimates model-specific
conduct parameters, unpacks some of the mechanisms underlying the effects of integration,
and conducts new counterfactual policy analyses related to vertical integration.

We also add to the literature characterizing the trade-off between internal efficiency gains
vs. external harms from vertical integration. A recent survey by R. Lee et al. (2021) covers
a range of theoretical and empirical papers in this space noting the still limited empirical
work in this area. Recent empirical papers include, e.g., Crawford and Yurukoglu (2012)
and Crawford, R. S. Lee, et al. (2018) on cable TV /channel integration, Brot-Goldberg and
Vaan (2018) on general practitioner/specialist physician integration, Cuesta et al. (2020)
on hospital/insurer, and R. S. Lee (2013) on video game platform/manufacturer itegration.
Relative to these prior papers, our context and model are notable in that they model two
separate business-to-business interactions in the vertical supply chain (PBMs dealing with
manufacturers upstream and insurers downstream), which imposes a more stringent set of
constraints on behavior. While our policy questions and analyses focus primarily on the
relations between and integration of PBMs and insurers, we also use our model to discuss
the way that upstream relations between PBMs and drug manufacturers interact with the
downstream relations.

The rest of the paper proceeds as follows. Section 2 describes the PBMs and the Medicare
Part D context we study. Section 3 describes our model, the potential impacts of vertical
integration, and our empirical model implementation. Section 4 describes our data and
estimation approach. Section 5 presents our parameter estimates, and our analysis of the
impact of vertical integration. Finally, Section 6 concludes and offers directions for future
work.
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2.2 Setting

Medicare Part D and Pharmacy Benefit Managers

Our empirical setting is Medicare Part D, the drug insurance component of Medicare. Under
Part D, drug coverage is fully outsourced to private insurers contracted to provide coverage
on the government’s behalf. The Medicare program organizes a centralized market in which
beneficiaries may select from one of these private plans, segmented by geographic service
region. Plans have wide scope to differentiate themselves in terms of what drugs they offer
insurance coverage for and to what extent they apply cost-sharing or utilization management
policies (such as prior authorization) to each covered drug. Consumers choose from the plans
offered in their service region (of which there are 34), with each plan charging a monthly
premium for enrollment. Plans offered on the Part D market include substantial first-dollar
cost-sharing, as well as (in the time period we study) a coverage gap colloquially known as
the “donut hole” that applied substantial cost-sharing after the typical coinsurance phase of
the insurance contract but before the region of “catastrophic” coverage phase.

Given the burden they face both through this cost-sharing as well as through monthly
premiums, managing drug prices is incredibly important for insurers. Insurers typically out-
source activities related to managing drug prices and coverage through PBMs, who specialize
in securing upstream discounts from drug manufacturers in return for formulary inclusion
and inclusion in preferred tiers. Drug manufacturers benefit from inclusion in a formulary or
placement in preferred tiers because this increases consumer demand for drugs via differen-
tial cost-sharing. For example, if a given drug class has two branded competitors, with the
drugs offering similar benefits, consumers are more likely, ceteris paribus, to choose a drug
on a preferred formulary tier relative to another drug.

Conversely, insurers benefit from including drugs on their formularies because consumers
demand drugs, and excluding a drug or placing a drug on a more expensive tier makes
that insurance plan less attractive to consumers demanding that drug. In turn, because the
Medicare Part D market has many competing insurers in a region, consumers may switch
away from an insurer or choose a different insurer up front if that plan’s formulary does not
include drugs that a consumer cares about in a cost-effective way. When not vertically inte-
grated with an insurer, PBMs seek to maximize their own surplus by constructing and selling
the formularies that provide them with maximum revenue from spread pricing, whereby the
PBM passes through a higher drug price to the insurer than the one they receive from the
drug manufacturer (see, e.g., Garthwaite and Scott Morton (2017) or FTC (2024) for discus-
sions). When vertically integrated, the PBM leverages their upstream relationships to earn
higher profits for their integrated insurer, while also seeking to benefit from spread pricing
to non-integrated insurers.

Figure 2.1 shows a simple framework for thinking about the role PBMs play in drug
delivery, with a focus on their two-sided interactions with drug manufacturers upstream and
insurers downstream. Our model describes these relationships in detail.

The PBM marketplace has had significant horizontal and vertical consolidation over the
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Figure 2.1: Stylized Model of the Vertical Financing Chain in Prescription Drugs

Manufacturer A Manufacturer B
r’ ‘ « '
Insurer 1 Insurer 2 Insurer 3

Consumers

past two decades. UnitedHealth Group formed OptumRx in 2011, combining several of its
own underlying drug supply services. OptumRx has grown substantially since its inception,
including via a horizontal acquisition of Catamaran for $13B in 2015. United offers insurance
through UnitedHealthcare (UHC) and thus, with OptumRx, forms one of the large vertically
integrated PBM-insurer pairs. CVS Health, together with its PBM Caremark, bought health
insurer Aetna for $69B in 2018, setting up the second large vertically integrated PBM-insurer
pair. Cigna, another large national insurer, acquired Express Scripts, a large PBM, in 2018,
forming the third such pair. The PBMs from these three vertically integrated pairs accounted
for roughly 80% of the national market (across different segments) in 2019, raising a variety
of concerns from policymakers and industry participants.

Several recent studies document the rapid increase in vertical increase between insur-
ers and PBMs in the Part D market over time. Gray et al. (2023) leverage data similar
to those we use here (described momentarily) to show that vertically integrated insurers’
market shares nationally for Part D plans increased from 30% in 2010 in 80% in 2018. A
recent American Medical Association Study (Guardado (2024)) finds that 77% of individuals
enrolled in Part D plans are covered by a vertically integrated insurer. Despite this major
shift in industry structure, there have been very limited studies of this shift, in part due
to the complexity of modeling vertical industry structures (Gray et al. (2023) is a notable
exception).

Oral Anticoagulants

Following prior work in industrial organization on PBMs (e.g., Olssen and Demirer (2023)
and Ho and R. S. Lee (2024) we focus our analysis on one drug class and use that as a
structural input for assessing the implications of vertical integration. While these prior
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papers focus on statins (Lipitor and Crestor) we focus on oral anti-coagulants (Eliquis and
Xarelto).

The main indications for oral anticoagulants are to prevent blood clots due to deep vein
thrombosis (DVT) and atrial fibrillation (AF). Patients with AF, which is the most common
type of irregular heart rhythm (onset is associated with aging), make up the main segment
of consumers. Once a patient starts on an oral anticoagulant, they tend to continue taking
the drug indefinitely. Moreover, drug switching is rare.

We focus on oral anticoagulants to study PBM-insurer interactions for several reasons.
First, the main drugs in this class, Eliquis and Xarelto, are some of the most widely prescribed
drugs in Medicare Part D (3 Million users in 2019), which helped them land on Medicare Part
D’s inaugural list for price negotiation under the Investment Recovery Act (IRA). Second,
these important drugs are branded on-patent drugs: there are no generic equivalents available
through the end of the study period. This rules out strategic rebating behavior in response
to generic entry. The generic drug in this class, Warfarin, has a different active ingredient, is
objectively lower performing, and requires careful physician supervision, with a high risk of
adverse effects, all in contrast to the two branded drugs we study. Third, these branded drugs
are some of the most heavily rebated drugs, with national average rebates of approximately
70% by 2019. Lastly, the timeline of when Eliquis and Xarelto entered the US market aligns
with when the new data sources on drug pricing that we use became available to researchers.
The drugs both entered market in the early 2010s, which is around the same time that
national rebate data and PBM-insurer relations data are available for. While the statins
studied in the papers mentioned above in the literature have many similar advantages to
anti-coagulants, the timing and length of on-patent competition make oral anti-coagulants
a better match for our study.

Crucially, all of these factors imply that competition between these two drug manufac-
turers for placement on PBM, and subsequently insurer, formularies has been strong and
persistent. This gives us a great context to study the full drug supply chain we model, in-
cluding upstream negotiations between manufacturers and PBMs, downstream negotiations
between insurers and PBMs, downstream integration between PBMs and insurers, insurer
pricing, and consumer drug and plan demand.

2.3 Model

We begin by proposing a stylized model of vertical conduct along the pharmaceutical fi-
nancing chain. Manufacturers produce and sell drugs to consumers (patients). Insurers
help patients to finance these drugs, and thus bear a large share of the cost of high drug
prices. In turn, they contract with PBMs to extract concessions (in the form of rebates)
from manufacturers in exchange for favorable formulary coverage. We model PBMs as prof-
iting from “spread pricing,” under which they pocket a share of the concession and pass
it through incompletely to their insurer clients. This spread pricing is a potential form of
market inefficiency.
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We model the financing chain as a sequential game of complete information. First,
manufacturers set list prices, which we assume are exogenous from the point of view of the
model.?> Next, PBMs propose a formulary to the manufacturers, and bargain over the rebate
concession that will be paid. Next, PBMs and insurers divide the rebate. Finally, patients
purchase insurance plans and then use their insurance coverage to purchase prescription
drugs.

PBM-Manufacturer Negotiations

The game begins with the PBM k and manufacturer of drug d negotiating over the for-
mulary placement of each drug. We assume that all PBM-manufacturer pairs negotiate
simultaneously and engage in Nash-in-Nash bargaining. Effectively, one can conceptualize
this as a game in which each PBM and manufacturer send an agent into a locked room to
Nash bargain (i.e., maximize their independent joint Nash product), at the same time as
all other agents, given a rational conjecture about the likely deals that will emerge in the
other rooms. Upon finding an agreement, the pairs of agents emerge and verify that their
conjectures are correct, i.e., that they have successfully maximized their joint Nash product
given the outcomes in other rooms. If not, all parties must keep renegotiating until a Nash
equilibrium is determined.

The parties negotiate over a rebate fee that is linear in the quantity of patients enrolled
in plans covered by the PBM who purchase the manufacturer’s drug, given a formulary
arrangement proposed by the PBM. We assume that, in the absence of an agreement, the
PBM receives no rebate and puts the drug on the non-preferred tier.* The PBM’s gains from
an agreement with per-unit rebate Ry are

GFTEPM™ = Rig Y Qi+ > Y RraAja

NN/ d’ #d jeTk
vV - TV
Rebate revenues Recapture for k
from other drugs

If the PBM and the manufacturer strike a deal, the PBM gets to earn rebates on each user
of drug d who is enrolled in a plan j from the set of plans that the PBM has agreements

3See Che (2025) for an alternative approach that nests endogenous setting of list prices into a model of
PBM activities.

4An alternative assumption would be to assume that the PBM excludes the drug from coverage com-
pletely. We do not use such an assumption for two reasons. First, our formulary data incompletely measures
exclusion as an absence from the formulary; for innovative new drugs like the DOACSs, non-inclusion may
reflect a failure to update the listed formulary rather than true exclusion. In practice, many plans appear
to (according to the claims data) pay for branded anticoagulant claims even when the drugs do not appear
on the formulary, reinforcing this interpretation. Second, this might arise due to the rarity of “true” exclu-
sion. For some “protected” drug classes, Part D forbids insurers from excluding any drug from coverage. In
practice, these drugs do not appear to have different average rebates than non-protected classes, suggesting
(albeit non-causally) that the inability to exclude drugs from coverage does not remove much bargaining
power from PBMs.
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with, J,. We denote gq4; as the quantity demanded of drug d from enrollees in plan j under
agreement (when the drug is covered under the preferred tier). Moving drug d from non-
preferred to preferred coverage will shift some patients towards it, away from other drugs
d'. If the PBM has rebate agreements with those other drugs, some of the rebate revenues
they gain from d will be offset by lost revenues from d’, proportional to A;g, the induced
change in demand for those in plan j consuming d'. A,y is higher when d and d’ are closer
competitors. All else equal, the PBM will prefer to make a deal with all manufacturers
when competition is weaker and thus this “recapture effect” (Ho and R. Lee 2017) is lower.
When drugs are closer substitutes, preferencing more drugs does little to improve the PBM’s
revenues.
The manufacturer’s gains from trade from the same agreement are

GFT """ = (p— Ry — ¢) Z Qja—(p—c) Z (Qja — Aja) + Z Z (p — Ria — ¢)Agy
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The first two components are simple: If the PBM and manufacturer agree, since the out-
of-pocket price for d is lower, it sells more (by Aj4 for each affiliated plan), but must pay
a rebate of Rgg per unit. Note that since the disagreement path does not forbid patients
enrolled in plans affiliated with k from getting d at all, there is some demand in the absence
of an agreement. The third term refers to the fact that, if the two parties disagree, the
manufacture forgoes some demand from plans affiliated with k&, but since those plans will,
due to the disagreement, provide worse coverage of d, some patients will switch to other
plans, and, if they end up consuming d anyway, the manufacturer will not lose out as much.
The implications of this mirror those of the PBM above: when plans are more competitive
with each other on formulary coverage, manufacturers have weaker incentives to sign many
deals with PBMs, since each one reduces their gains from trade for others.

Each PBM-manufacturer negotiating pair maximizes its joint Nash product, which is a
weighted geometric average of the gains from trade for the two parties, weighted by their
relative bargaining ability, with PBM relative bargaining ability parameterized as Byy:

N}ZBM—M _ (GFTIZBM—M)BM (GFTICJ\C/II—PBM)PBM

PBM-Insurer Negotiations

The game continues with PBMs k£ and insurers j negotiating over rebate splitting given
a proposed formulary and agreed manufacturer rebate Ry;. We assume that they jointly
set a “pass-through rate” r; € [0, 1] such that, for every dollar in rebates generated by j’s
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enrollees, the PBM pays 7; to the insurer. We will first focus on PBM-insurer pairs that are
not vertically integrated.

We assume that the potential network of PBM-insurer arrangements is exogenous.® This
is a nontrivial assumption, effectively shutting down horizontal PBM competition. We em-
ploy it since PBMs are, from an ex ante perspective, mostly horizontally undifferentiated
from the perspective of the insurer. A PBM’s ability to achieve rebates is, in our model,
dependent only on its equilibrium set of downstream arrangements with insurers, rather than
any other inherent attributes, such as improved bargaining ability or deals external to the
model. Therefore, in this model, PBMs’ market power over insurers is only mediated by
two factors: Relative bargaining ability of insurers, and insurers’ outcomes on our modeled
off-equilibrium path, which is assumed to be getting no rebates for the modeled drug and
putting all branded drugs on the non-preferred tier of the formulary.

PBMs and insurers engage in Nash-in-Nash bargaining over the pass-through rate. The
PBM’s gains from trade are

PBM—-MCO __
GFTy, = (1= r)ReaQja+ > > (1= ry) Realdja
d J'#j d
Revenue from j Recapture for k from other plans

.

Similarly to its dealings with manufacturers, the PBM gains from making deals with
plans proportionally to the rebate revenue that will accrue to it, a (1 — r;) share of the
total rebate revenue, and loses if it has already made deals with other insurers and earns
rebate revenues from them, to the extent that enabling j to receive a rebate simply results in
business stealing from j’s rivals who &k deals with. This recapture effect is especially large for
insurers who k is vertically integrated with, for whom, from £’s perspective, r; is effectively
zero. We discuss this further in Section 2.3.

The insurer’s gains from trade are

MCO—-PBM __ A D
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+  (¢; — C;)d;
————

Gross other profits
for marginal enrollees

The insurers costs change in three ways. First, by agreeing to the PBM’s formulary, the
out-of-pocket costs for anticoagulant d change from OOPP to OOP#, which is a change

5Note that we also do this in the PBM-manufacturer negotiation stage. This assumption is even more
important at this stage since it prevents us from having to recompute the network at each possible agreement
point, which would introduce severe nonlinearities in the Nash product.

6Since the PBMs are otherwise undifferentiated, insurers would have low gains from trade for dealing
with any one of them, since their gains from replacing one PBM with another would leave them roughly no
worse off.
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from non-preferred to preferred coverage for all drugs that pay rebates to k. Preferred status
lowers out-of-pocket costs, increasing j’s costs and reducing their gains from trade. Second,
when a deal is struck, these costs are offset by rebate payments for the consumption of d.
Finally, since agreement is making j’s formulary coverage more appealing to enrollees, more
enroll, thus increasing total costs. This enrollment effect not only changes the number of
enrollees in j who consume d by Ajg4, it also increases total enrollment, by d;. This need
not be the same as the sum of Ajy since enrollees may enroll in j to insure themselves
against possibly needing to consume an oral anticoagulant even if they do not actually do
so. Increased enrollment is beneficial for j to the extent that its gross margins (excluding
anticoagulant costs) ¢; —C; (with ¢; as j's premium and C; as their average costs excluding
anticoagulant coverage) are positive and large.

For the insurer, making a deal with the PBM involves improving the quality of their
plan (by improving formulary coverage), and thus the quantity of consumers they enroll, but
while making their marginal costs higher, by providing more generous coverage. For a deal
to arise, there must be some potential rebate that can sufficiently offset the cost increase to
make this choice profitable.

We assume that bargaining is done to reach a Nash-in-Nash equilibrium, meaning there
is a Nash equilibrium in the maximization of each pairwise Nash product, which is the
weighted geometric average of each party’s gains from trade, with weights proportional to
relative bargaining power and with the PBM’s bargaining power indexed as bj:

NEBM-M _ (GFTJgZBM—MCO)bjk (GFT;]\];ICO—PBM)l_bJ‘k

Drug Demand, Plan Demand, and Premium-Setting

While the next stage in the model sequencing is demand and supply in the marker for
insurance plans, it will be useful to first cover demand for drugs. We assume that a consumer
i chooses a single drug d within a class (or no drug, denoted as d = 0); we assume they
(and their prescribing provider) engage in a choice process which admits a stable utility
representation that is linear in arguments. They assign utility v;; to each potential drug
option, as well as the option to take no drug (d = 0). We assume that v;4 includes both
random and deterministic components, which we fully specify in Section 2.4.

Consumers choose a single insurance plan j. At this stage, we assume that consumers can
anticipate the deterministic components of their future drug demand, but not the random
components. That is, they know how much they prefer Eliquis to Xarelto in general, but
not the specific choice they will make after becoming insured. We assume that plan choice
is, like drug choice, governed by maximizing a stable utility function with utility u;; for each
plan option j. We assume that the consumer trades off the premium of the plan, ¢;, against
the other characteristics of the plan, most notably their expected consumption utility from
anticoagulants given the plan’s structure, C'S;;, given by C'S;; = E[maxyv;q], an expectation
taken over the random components of drug demand.
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These two demand systems generate D;, the share of consumers who choose plan j, g;q,
the share of consumers in plan j who choose drug d, and Q;q = ¢juD;, the share of all
consumers who both choose plan j and drug d.

Given the demand system, we assume that plans compete Nash-Bertrand in premiums
given their sunk formulary choice. They set premiums to maximize joint profits across their
portfolio of plans:

¢; = argmax,, Z (¢ — Cy)Dy — Z(pd — 1eRiya — OO Pug)qea
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where M (7) is the set of plans that share ownership with j (including itself).

Equilibrium and Intuition

Equilibrium in this model consists of: (1) A set of PBM choices of formularies, Fj; (2)
manufacturer-to-PBM per-unit rebate amounts Ryg; (3) PBM-to-insurer rebate pass-through
rates r;; (4) insurer plan premiums p;; (5) individual plan choices D;;; and (6) individual
drug choices g;;.

This model delivers an equilibrium division of surplus between manufacturers, PBMs,
insurers, and consumers. Each is determined by the relevant price that links two parties
across the chain; Ry determines the division between manufacturers and the other parties;
r; determines the division of the remainder between PBMs vs. insurers and consumers, and
¢; determines the division of surplus between insurers and consumers. Since we assume no
outside option in the insurance market, the primary source of distortion arising in inefficient
equilibrium arises from changes in drug consumption, moving consumers away from their
preferred drug or to no drug at all. This will arise when any negotiation in the chain breaks
down; either that the manufacturer cannot find a rebate that compels the PBM to grant it
preferred coverage; that the PBM’s recapture from rival manufacturers or insurers prevents it
from wanting to make rebate deals with another manufacturer or insurer; or that rebates are
not high enough to compel the insurer to provide preferred formulary coverage to branded
drugs.

In general, rebates arise in equilibrium in a particular intermediate range of insurer in-
centives. The insurers’ main consideration in determining their willingness to deal is about
their trade-off in attracting more consumers versus raising their costs due to providing more
generous coverage. The sensitivity of plan demand to formulary generosity is the key primi-
tive in determining this trade-off. If plan demand is sufficiently insensitive, then insurers will
have no incentive to deal with the PBM, since the cost increase will outweigh the benefits of
greater demand even for large rebates. On the other hand, if plan demand is very sensitive
to generosity and thus plans must compete fiercely on coverage, manufacturers will have no
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incentive to offer a rebate, since they correctly predict that plans will cover their drugs on
the preferred tier even without it.”

PBM-Insurer Vertical Integration

What does vertical integration between PBMs and insurers do? Consider a plan j and PBM
k who merge. The integration changes three behaviors: 1) j and k’s dealings with each
other; 2) k’s dealings with rival plans j’; and 3) j’s dealings in competition with j'.

First, consider how rebate pass-through between j and k will change. In the absence of
integration, j and k haggle over how to split the surplus. When integrated, (we assume that)
they fully internalize each other’s profits. Therefore, the actual realized rebate pass-through
r; is irrelevant; both j and k internalize the entire rebate Rjq regardless of whose hands the
money ends up in. This reflects the typical “reduction of double marginalization” benefit of
vertical integration: the insurer can operate as if it faces the wholesale rebate, rather than
a fraction of that rebate.

Second, k’s gains from trade change when dealing with rival plans j'. Now, k’s gains
from trade are

GFT'jI,DkBM_MCO’V[ _ Z(l . ’/“j)deQj’d + Z Z(l — Tj”)deAj’/d+ (¢] — Cj)dj

d i d
Vv N "
Revenue from j’ Recapture for k from other plans

P Gross other profits
for marginal enrollees in j

[

Two parts of this equation have changed, both involving j. First, k now acts as if r; = 0,
since it fully internalizes the rebates earned by its integrated plans. Second, if making a deal
with j shifts demand away from j (i.e., if §; < 0), then j will lose out on gross profits from
enrollees. k now internalizes this harm fully. Both of these factors reduce k’s gains from
trade and thus will reduce the rebate it is willing to offer j°. This is the standard “raising
rivals’ costs” harm of vertical integration: to protect its integrated plan, £ will offer worse
deals to j'. This will either raise the premiums that j’ sets by raising its marginal costs, or,
if the reduction in gains from trade is sufficiently strong, 7' and k will not deal, lowering the
quality of the plan j’ can profitably offer.® Either outcome will soften the competition that
j faces, increasing the joint profits of j and k.
Finally, s objective function for premium-setting changes. They now maximize

"We do not currently incorporate this second force into our model; we enforce that the off-equilibrium
path is non-preferred coverage even when the insurer would offer preferred coverage in the absence of a rebate.
In practice, if this constraint binds, we will estimate that PBM-insurer rebate pass-through is negative, since
the insurer will be willing to pay to avoid being forced to offer non-preferred coverage. We discuss this
further in our estimation section.

8As Rey and Tirole (2007) emphasize, foreclosure due to vertical integration need not be absolute-the
vertically-integrated firm might optimally choose to only partially foreclose its rivals.
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Again, note two changes. First, the term r has dropped from j’s (and its companion plans’)
net anticoagulant costs, since it now internalizes the entire rebate. This reduction of double
marginalization, by reducing j’s effective marginal costs, will induce it to lower the premium
it sets. Second, there is a new term, reflecting the profits of the PBM from its deals that do
not involve the integrated insurer. The PBM earns revenues from dealing with rival insurers.
Since j now internalizes those revenues, its objective function now includes a term that is
increasing in its rivals’ market share. All else equal, this term will serve to increase the
premiums that j sets. This effect can generate anticompetitive effects of vertical integration
even if the PBM does not raise rivals’ costs.”

2.4 Data and Estimation

The model we derived in the prior section has four sets of important unknown primitives.
First, the demand system for drugs, which determines the potential producer surplus to be
split between manufacturers, PBMs, and insurers. Second, the demand system for insurance
plans, which, as we highlighted, is an important determinant of gains from rebate existence.
Third, the relative bargaining ability between PBMs and insurers. Finally, the relative
bargaining ability between PBMs and manufacturers. We begin by describing the data we
use, then our estimation strategy.

Medicare Data

We use several administrative datasets from the Centers for Medicare and Medicaid Services
(CMS). These data contain information on beneficiary program enrollment status, medical
utilization, and prescription drug utilization within the Medicare program. The data are
nationwide in scope and extend from 2015 to 2019.

9Note that this term relies on the functional form assumption that rebate-sharing contracts are written
to be linear in gjq. This is a convenient representation, but even in the presence of lump-sum contracts,
this term reflects potential second-order effects (not accounted for in Nash equilibrium conduct) where if the
total potential surplus gains from rebates for j/ are diminished by j competing more aggressively, in the long
run, the total rebates (and thus the profits of k) will fall.
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Beneficiary Demographics, Enrollment, and Choice Status. We obtain information
on beneficiary demographic characteristics and Part D plan enrollment from the Medicare
Beneficiary Summary File. This file provides demographic information such as age, gender,
and geographic location. It additionally tracks enrollment status at a beneficiary-month
level for different Medicare coverage programs, including Part D.

Plan Characteristics and Formulary Data. We obtain information on plan character-
istics from publicly available CMS datasets, which cover all Part D plans offered during our
sample period. We are able to observe the financial characteristics of the plan (such as its
deductible), as well as the name of the insurance carrier it is offered by.

Importantly, this also includes information on the formulary arrangement for each plan
in each year. For each covered drug, the data indicates the coverage tier that the plan
covers it at, which details the required copayment a beneficiary faces for that drug. The
formulary coverage data is imperfect in that it does not explicitly measure whether drugs
were excluded from coverage, but non-inclusion is meant to signal that the drug is excluded.
However, we often observe that drugs not explicitly included on the formulary nonetheless
appear to be filled with insurance coverage. To correct for this, we follow Brot, Burn, et
al. (2023) and group all drugs (identified by National Drug Code, or NDC) by their active
ingredient and branded/generic status, and, for each plan-year-drug tuple, assign the most
generous coverage of any included NDC on each plan’s formulary in that year.

Outpatient Prescription Drug Data. We track outpatient prescription drug fills for a
random 20% sample of Part D enrollees whose claim-level data are available in the Part D
Event files. Each claim represents an event where a beneficiary filled a single prescription
of a given drug. For each claim, we observe the specific drug prescribed and filled (at the
NDC code level), the quantity /days supply for the fill, as well as the date the fill occurred,
and payment fields which include the reported price paid to the pharmacy, as well as the
breakdown of whether this price was paid by the consumer or by their insurer.

PBM Bargaining and Rebate Data. To identify which PBM was contracted by each
insurer in our data, we use Clarivate’s Managed Market Surveyor (MMS).!1% The MMS
dataset is constructed by surveying insurers who offer drug coverage, and asking them which
PBM they use for various categories of services, including formulary management, rebate
negotiations, claims adjudication, and benefit design. We match this dataset to our plan
identifiers through the text name of the carrier, and are able to link all plans within our data
to the MMS data. Plans generally use only one PBM for any services listed when they use
an external PBM; or they act as their own PBM. In the cases where there are multiple PBM
actors, we assign the insurer the PBM who is responsible for rebate negotiations. We verify
the vertical integration status of PBM-insurer pairs by hand by reading the 10-K filings of

0Gray et al. (2023) also use this dataset to identify PBM-insurer agreements.
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the PBM entities. In cases where the plan performs its own rebate negotiation, we treat it
as if it is vertically integrated with its PBM.

We use data from SSR Health, which estimates the size of rebates paid by manufacturers
by comparing gross and net revenue from public financial reporting. Unfortunately, since
the SSR Health data is calibrated from 10-K filings, it is not able to reliably break down
rebates across different market segments or PBMs. We use estimates of the PBM’s share
of rebates (relative to other rebate recipients, such as pharmacies) of two-thirds from Fein
(2020) to deflate our rebate estimates.

Analytic Sample

We focus only on the use of oral anticoagulants. This requires us to limit our sample in
two ways: First, to the relevant set of drugs, and second, to the relevant set of potential
consumers.

We begin with the drugs. We focus our attention only to known oral anticoagulants.
This importantly excludes non-oral anticoagulants, such as heparin. We identify warfarin,
Eliquis, and Xarelto from their associated NDCs. Another branded NOAC, Pradaxa, was
approved for use at this time, but garnered miniscule market share, so we exclude it so as
to improve the speed of our estimation procedure.

Second, we include only patients with recorded conditions that indicate the potential
use of an oral anticoagulant. The three primary indicating conditions are atrial fibrillation
(irregular heartbeat), deep vein thrombosis (blood clot in deep vein), and pulmonary em-
bolism (blood clot in pulmonary artery within the lungs). We include any beneficiary who
had a medical claim filed on their behalf within the year with a recorded diagnosis code
corresponding to any of these three conditions. In any given year, our denominator includes
over 349 thousand individuals.

Summary Statistics

We first document the typical formulary placement of Eliquis and Xarelto by PBMs. In
Table 2.1, we plot each PBM-year pair, along with the count of insurance plans sponsored
by insurers who contract with that PBM who use a given formulary placement (along with
the count of members enrolled in those plans, as well as the share of anticoagulant costs
made up by the two branded options). We only see four unique formularies across these
years: Putting both drugs on the preferred tier; putting only Xarelto on the preferred tier
and Eliquis on the non-preferred tier; putting Xarelto on the preferred tier and excluding
Eliquis; and putting Eliquis on the preferred tier and excluding Xarelto (used by only two
PBM-year pairs). The preferred/preferred formulary is by far the most common, with the
preferred /non-preferred formulary making up the majority of the remainder.

Next, we measure the use of different oral anticoagulants. We assign each beneficiary to
the anticoagulant they fill. If they fill multiple, we assign them to the branded anticoagulant
with the highest days supply in that year. That is, if they fill prescriptions for both warfarin
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Table 2.1: Drug/PBM Interaction Characteristics

Cost share Formulary placement for Xarelto and Eliquis
Year Middleman Count | Xarelto Eliquis | (pref, pref) (pref, non-pref) (non-pref, pref)
2015 Aetna 23133 0.11 0.48 0 81 0
2015 CVS/Caremark 48090 0.1 0.11 97 4 0
2015 Catamaran 33060 0.58 0.2 64 0 54
2015 Express Scripts 20923 0.15 0.15 69 0 0
2015 Humana 88740 0.19 0.2 96 0 0
2015 OptumRx 135857 0.13 0.13 67 0 0
2015 Prime Therapeutics 26720 0.1 0.21 6 18 0
2016  Aetna 35877 0.12 0.46 0 91 0
2016 CVS/Caremark 75016 0.12 0.12 142 0 0
2016 Express Scripts 22051 0.16 0.17 68 0 0
2016 Humana 97536 0.19 0.22 95 0 0
2016 OptumRx 150409 0.13 0.13 135 0 0
2016 Prime Therapeutics 26618 0.15 0.16 23 0 0
2017 Aetna 35881 0.11 0.45 0 88 0
2017 CIGNA 10789 0.1 1 0 57 0
2017 CVS/Caremark 82509 0.11 0.47 2 120 0
2017 Express Scripts 25118 0.14 0.18 73 2 0
2017 Humana 106694 0.21 0.23 95 0 0
2017 OptumRx 144629 0.11 0.15 88 29 0
2017 Prime Therapeutics 26730 0.17 0.22 21 3 0
2018 Aetna 38367 0.09 0.1 88 0 0
2018 CIGNA 10185 0.09 0.42 0 56 0
2018 CVS/Caremark 94443 0.1 0.1 124 0 0
2018 Express Scripts 27168 0.1 0.12 103 0 0
2018 Humana 109575 0.19 0.19 96 0 0
2018 OptumRx 142341 0.09 0.18 93 32 0
2018 Prime Therapeutics 28232 0.12 0.12 29 0 0
2019 CVS/Caremark 160363 0.09 0.09 246 0 0
2019 Express Scripts 37450 0.1 0.2 103 65 0
2019 Humana 100296 0.19 0.19 96 0 0
2019 OptumRx 138025 0.08 0.21 66 32 0
2019 Prime Therapeutics 27214 0.17 0.12 26 0 3

Notes: This table shows for each middleman-year, the number of patients covered by the middleman’s
insurers, average cost-share (as a percent of list price), and the distribution of health plans by formulary
coverage. Patient count is restricted to those with atrial fibrillation.

and Xarelto, we assign them to having taken Xarelto that year. We do this since this behavior
seems driven by permanent shifts from warfarin to the NOACs, often driven by step therapy
requirements in some plans. We show the market shares for the three options in Table 2.2.
The combined market share of the NOACs increases from 10% in 2014 to 31% by the end
of our sample in 2019, primarily coming from the decline in warfarin use, but also some
extensive margin increases in the use of any anticoagulant. Eliquis in particular experiences
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a sharp increase in utilization over this period.

Table 2.2: Oral Anticoagulant Market Share by Year

2014 2015 2016 2017 2018 2019
Xarelto 7 7 8 9 10 10
Eliquis 3 7 10 13 17 21
Warfarin 31 28 25 22 19 17
None 59 58 57 55 53 52
N 349,918 380,840 413,055 438,658 460,960 474,701

Notes: This table shows, for each year, the market share of each oral anticoagulant option among our analytic
sample.

Estimation

We solve and estimate our model backwards, from drug demand back through to the bar-
gaining stage.

Drug Demand

We follow the approach of Brot, Burn, et al. (2023) and Che (2025) in estimating demand
for drugs. As described in the model section, we assume a stable utility function governing
drug choice. We parameterize it as

Via = Byi)O0Pig + Ky(iya +&1{d # 0} + Ay €ia
Vie

That is, we assume that the consumer has some mean preference for each drug x and they
disprefer a given drug when they pay more out-of-pocket for it (OOP;;). We assume that
both &1{d # 0} + Ay)€ia and €;q follow a Gumbel distribution, such that drug demand
follows the familiar nested logit form (Berry 1994), with all of the inside goods (choosing
a drug) forming one nest and the outside good (choosing no drug) forming a second nest.
In this way, A parameterizes the extent to which a patient dissuaded from taking one drug
due to high OOP cost will substitute to another drug relative to taking no drug at all.
Consumers are pooled into groups g such that mean preferences and substitution patterns
are homogeneous within g, with groups defined based on risk score (constructed following
Decarolis et al. (2020)) and age.

We construct out-of-pocket prices as in Che (2025), by using both the consumer’s plan
information and their utilization of other drugs. The former specifies the tier each drug is
placed on, as well as the plan’s nonlinear coverage parameters (e.g. deductible, donut hole).
The consumer’s utilization of other drugs determines which coverage phase the consumer ends
the year in (e.g. under the deductible, in the donut hole, etc.). We assign each consumer the
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out-of-pocket price for filling a 30-day supply of the anticoagulant in question at the end of
each month, assuming no other anticoagulant was purchased throughout the year, and that
the consumer’s use of other drugs is independent of their anticoagulant choice.!!.

The core identification challenge is in identifying § and A. [ is identified from comparing
the relative market share of a drug across consumers. Some consumers face higher out-of-
pocket costs; others do not. Variation comes from differences in which plans consumers pick,
and what other consumption they use, moving them around the benefit phase. Here, the
fact that all of our estimation is effectively done within risk score group is critical, so that
our variation in OOP prices is residual of underlying risk, therefore our estimate does not
merely compare high-risk groups (who face low shadow prices) to low-risk groups (who face
high shadow prices), which might be confounded with differences in underlying demand for
anticoagulants. A is similarly identified from the same variation, but comparing the market
share of other drugs (holding their out-of-pocket prices fixed).

We assume that each consumer only chooses one anticoagulant (e.g. we do not allow for
experimentation or explicit step therapy), to allow us to fit behavior within the model of
discrete choice. As described prior in this section, we assign each consumer to a single chosen
anticoagulant. The vast majority of consumers choose only one, making this assumption
relatively innocuous.

We estimate the model using Poisson pseudo-maximum likelihood estimation. As Brot,
Burn, et al. (2023) demonstrate, this approach is isomorphic to logit demand estimation,
while allowing us to take advantage of recent improvements in high-dimensional Poisson
regression (Correia et al. 2020). We compute standard errors by using the Bayesian bootstrap
(which iteratively draws weights for each observation rather than resampling observations),
to avoid failure to compute fixed effects in each bootstrap run.

Plan Demand

As in the model section, consumers choose a single plan, as is true in the Medicare Part D
program. At this choice stage, we assume they do not yet observe their specific unobserved
preference draws &;, €;4, but know the ex ante distributions of these terms. We assume that
consumer plan choice is given by a stable utility function:

wij = poj + 705 + aXj + Kge) + €

The consumer trades off the premium of the plan ¢, against their expected consumption
utility from anticoagulants after purchasing it, C'S;;, which is defined by:

A
CSl'j =F [mgx Uid:| = IOg 1+ (Z exp(‘/;d/)\)>

deD

1 This effectively assumes that there is no moral hazard in non-anticoagulant drugs. This is a standard
assumption in the literature on insurance demand and market structure (Handel 2013; Olssen and Demirer
2023)
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This term is equal to the expected utility of i’'s most preferred option from the set of drugs
(or no drug), given the formulary they face.

Additionally, we allow the consumer to value other plan characteristics X, including
whether the plan has a deductible, whether it is an enhanced plan, its age, and the share of
(non-anticoagulant) drugs it puts on different formulary tiers. We allow consumers of group
g to have fixed mean preferences for plans under different carriers, serving as an effective
brand preference for insurers to capture some degree of unmodeled preference heterogeneity.

We assume that there is no outside option, i.e., a consumer cannot choose to not enroll in
a Medicare Part D plan. We think this is reasonable given that 1) since Part D is subsidized,
it is rarely optimal to buy no plan; and 2) there are significant penalties (in terms of the
removal of generous subsidies) for staying out of the program when eligible.

Bargaining

Given the demand systems for drugs and plans, we finish by estimating the parameters of our
bargaining model. The remaining unknown parameters are the weights determining relative
bargaining ability in PBM-manufacturer and PBM-insurer bargaining. We begin by reducing
our dimensionality to a single parameter summarizing the relative weight at each stage.
We assume that PBM-insurer relative bargaining weights are identical, i.e. b;, = 0. We
assume that PBM bargaining weights in manufacturer-PBM bargaining are proportional to

the number of consumers they cover who take the drug in question: By = ( log (Z jed, qjd> )

We do this since we observe a small number of bilateral outcomes, limiting the dimensionality
of the parameters we can feasibly estimate.

We begin by estimating the upstream manufacturer-PBM rebates. Ideally, we would
observe each manufacturer-PBM-year rebate, and match those to the first-order condition
implied by our bargaining model. Instead, we observe the average rebate amount across
insurers and market segments. We assume that the SSR Health average rebate is represen-
tative for PBMs in Part D. We then invert the Nash bargaining problem to solve for the
equilibrium rebate. We take the first-order condition for the Nash bargaining problem:

dlog N/ PM—M B OGFT MM 1-B  OGFT)Y M

= v _0
de‘d GFTk‘:lBMiM ade GFTk]:\ngBM ade

The first-order condition implies a bijection between a potential relative bargaining ability
parameters B and a set of manufacturer-PBM rebates Ryy. We choose the B that minimizes
the distance between the implied weighted average over Ry, (weighted by individuals insured
under plans dealing with k) and the SSR Health average rebate amount. This involves
matching two moments, one for Eliquis and one for Xarelto.

Finally, we estimate the PBM-insurer bargaining parameter. We do not have an observed
measure of these rebates, so we impute them. We assume that the rebate received by
plans is proportional to their rebate share of costs given by public DIR (direct and indirect
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remuneration) data provided by CMS. This is a necessarily imperfect measure of actual
rebates in level terms. In our context, the relative imputed rates correspond to relative
ability across insurers to extract rebates from PBMs. With those in hand, we can take the
first-order conditions for the PBM-insurer bargaining problem:

dlog NﬁBM_MCO b aGFijj:BM—MCO 1-1b aGszj]\kJCO—PBM

dr

— + =0
j GFT;ZBM*MCO 8rj GFT;\I?CO*PBM 8rj

To estimate b, we plug in our imputed rebate values and minimize the weighted sum of
squared values of the first-order conditions, weighted by patient enrollment for insurer j.

2.5 Results

Demand System Parameter Estimates

We produce the estimated drug demand parameters in Table 2.3. For drug demand, each
consumer type (indexed by quintile of risk score and gender) has roughly similar magnitudes
of dis-preference for higher prices. The nesting parameter, which is allowed to vary across
years, rises substantially over the period. In our context, this means that the marginal non-
user of warfarin at the earliest part of our sample is most likely to divert to no anticoagulant;
by the end of our sample, they are substantially more likely to divert to a NOAC (and vice-
versa). To understand the substitution patterns, in Table 2.4 we plot the own-price and
cross-price elasticities between the drug options. The NOACs face own-price elasticities of
0.3 (Eliquis) and 0.27 (Xarelto), similar in magnitude to the average branded drug elasticity
estimated (using different variation) by Einav et al. (2018). Cross-price elasticities are rela-
tively small in magnitude. Warfarin demand is very inelastic relative to demand for branded
drugs (0.01), suggesting that users there have limited options.

Table 2.3: Drug Demand Parameter Estimates

OOP: Risk group 1  Risk group 2 Risk group 3 Risk group 4 Risk group 5
Male -0.0006 -0.0007 -0.0007 -0.0006 -0.0005
Female -0.0005 -0.0006 -0.0005 -0.0004 -0.0004

Nest parameter: 2015 2016 2017 2018 2019
A 0.23 0.42 0.46 0.86 0.85

Notes: This table shows the point estimates of the parameters of our drug demand model.

We display the plan demand parameter estimates in Table 2.5. We estimate relatively
premium-inelastic demand for plans. Most importantly for our model is to compare the
relative coefficients for changes in premiums and consumer surplus. A plan lowering its
premium by $1 increases plan utility by 0.03. In contrast, the same plan lowering the OOP
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Table 2.4: Price Elasticities of Drug Demand

Change in price
Change in demand | Eliquis Xarelto Warfarin

Eliquis -0.30 0.05 0.02
Xarelto 0.05 -0.27 0.02
Warfarin 0.05 0.05 -0.01

Notes: This table shows the point estimates of own- and cross-price elasticities between drug options implied
by the estimates of our drug demand model.

Table 2.5: Insurance Plan Demand Parameter Estimates

Variable Coefficient estimate
Premium -0.03
Has deductible -1.14
Is enhanced -0.14
CS 1.51
Plan age 0.21
Tier 1 share 10.03
Tier 2 share 24.90
Tier 3 share 48.96
Tier 4 share 2.05
Has copay tier 2 -0.63
Has copay tier 3 0.54
Has copay tier 4 0.67
Constant -5.34

Notes: This table shows the point estimates of the parameters of our insurance plan demand model.

payment for all anticoagulants by $1 raises plan utility by 0.0009 (taking the contribution
of OOP payments to drug utility, -0.0006, and multiplying by the contribution of expected
drug utility to plan utility, 1.51). The ratio of these is 0.03, suggesting that consumers value
a dollar reduction of premiums by much more than more generous insurance coverage. This
means that formulary competition is relatively weak, anticipating that we will find weak
gains from trade in bargaining.

Bargaining Parameter Estimates

We estimate that ¢ = 0.055 and b = 0.10. While we estimate that bargaining ability pa-
rameters are relatively uniform, this does not mean that rebates are uniform, since different
PBMs, manufacturers, and insurers each have different extents of leverage. In Table 2.6, we
plot the estimated rebates for Eliquis and Xarelto for each PBM, alongside the pass-through
rate to insurers. Rebates ranges from $0.13-0.37 per dollar for Eliquis, and $0.06-0.41 for
Xarelto, though these rebate amounts are only weakly correlated due to differences in under-
lying demand for the two drugs across insurers. Pass-through rates also vary considerably.
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For integrated entities or self-negotiation, they are 1 by construction. Interestingly, even
though Catamaran was an unintegrated PBM, we estimate that it passes through the vast
majority of rebates—nearly 1 for all insurers it deals with. This might arise from its lack of
bargaining power relative to larger PBMs. Integrated PBMs dealing with rival insurers have
much lower pass-through rates.

Table 2.6: Rebates for Insurer-PBM Dyads

Base Rebate

PBM Integration PT
Insurer PBM Status Patients Eliquis Xarelto Rate
Aetna Aetna Self 23905 0.13 0.33  1.00
BCBS (AZ) Catamaran Unintegrated 150 0.30 0.06 1.00
Cigna Catamaran Unintegrated 19155 0.30 0.06 1.00
Sterling Catamaran Unintegrated 134 0.30 0.06  1.00
Wellcare Catamaran Unintegrated 14672 0.30 0.06 0.97
Windsor Catamaran Unintegrated 143 0.30 0.06 1.00
Avalon CVS/Caremark Integrated 190 0.37 0.38 0.46
BCBS (SC) CVS/Caremark Integrated 700 0.37 0.38 0.51
First United American CVS/Caremark Integrated 303 0.37 0.38 0.59
Silverscript CVS/Caremark Joint Entity 41620 0.37 0.38  1.00
United American CVS/Caremark Integrated 5568 0.37 0.38 0.76
USAble Mutual CVS/Caremark Integrated 1093 0.37 0.38 0.48
Anthem Express Scripts Integrated 10296 0.31 0.32  0.67
BCBS (MA, RI, VT) Express Scripts Integrated 3210 0.31 0.32 0.74
HM Insurance Group Express Scripts Integrated 1719 0.31 0.32 0.26
Medco Express Scripts Joint Entity 5839 0.31 0.32 1.00
Wisconsin Physicians Express Scripts Integrated 802 0.31 0.32 045
Humana Humana Self 88620 0.35 0.36  1.00
Symphonix OptumRx Joint Entity 814 0.39 0.41  1.00
UnitedHealthcare OptumRx Joint Entity 135902 0.39 0.41  1.00
BCBS (AL, TN) Prime Therapeutics Unintegrated 1483 0.28 0.34 048
BCBS (FL) Prime Therapeutics Unintegrated 2980 0.28 0.34 041
BCBS (KS) Prime Therapeutics  Unintegrated 781 0.28 0.34 0.82
BCBS & Wellmark Prime Therapeutics Unintegrated 8716 0.28 0.34 0.86
BCBS (NC) Prime Therapeutics Unintegrated 1759 0.28 0.34 0.65
HCSC Prime Therapeutics Unintegrated 9639 0.28 0.34 0.63
Horizon Prime Therapeutics Unintegrated 1261 0.28 0.34 0.53

Notes: This table shows, for each pair of insurer and PBM, the integration status of the PBM, the number
of patients with atrial fibrillation insured by the insurer, the base rebate captured by the PBM for each
of the two anticoagulants, and the pass-through rate, the share of rebates we estimate are granted to the
insurer. For integration status: “Self” indicates that the insurer engages in rebate negotiation on their own
behalf, “Unintegrated” denotes that the PBM is not integrated with an insurer, “Integrated” denotes that
the PBM is integrated with another insurer, and “Joint Entity” denotes that the insurer and PBM are
vertically integrated.

In Table 2.7, we show the implications of our bargaining model in upstream bargaining
by measuring the effects of moving one drug for one PBM at a time from preferred status to
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non-preferred status, while holding all other formulary placements fixed at preferred status.
with the exception of Aetna dealing with Eliquis, most removals of preferred status reduce
the drug’s own market share by 35-55%. The manufacturer is able to recapture roughly 2-3%
of that demand from other PBMs it deals with, while the PBM is able to recapture 7-18%
of the demand via substitution from the drug to its other branded rival.

Table 2.7: Demand Changes and Recapture Under Threat of Bargaining Failure

Eliquis Xarelto
Own PBM Manufacturer Own PBM Manufacturer
Rebate entity change recapture recapture Change recapture recapture
Aetna -8% 17% 3% -53% 9% 3%
Catamaran -45% ™% 3% -35% 13% 3%
CVS/Caremark -53% 18% 3% -55% 16% 3%
Express Scripts -49% 15% 3% -51% 14% 3%
Humana -46% 16% 3% -48% 15% 3%
OptumRx -51% 18% 2% -53% 16% 3%
Prime Therapeutics | -45% 15% 2% -55% 12% 3%

Notes: This table shows the estimated effects of moving Eliquis or Xarelto from being on the preferred
tier of coverage to the non-preferred tier, assuming the other is on the preferred tier, which serves as the
off-equilibrium option in rebate bargaining. “Own change” is the effect on demand for the drug, whereas
the two recapture terms designate how much demand changes at other parties being contracted with (for
the PBM, other drugs; for the manufacturer, other PBMs) due to that choice.

In practice, our model predicts substantial negative gains from trade for many PBM-
insurer pairs. This arises from the fact that adding additional coverage for NOACs is costly—
moving a drug from the non-preferred to the preferred tier, on average, improves its actuarial
value of coverage by roughly 30 percentage points. However, consumers are quite inelastic
to coverage generosity, so the improvement in demand is small, and the profit gains are
limited since net margins are relatively modest. Therefore even if plans were to be given
the entire rebate negotiated by the PBM, they would not be able to offset the increase
in their coverage costs, making preferred coverage financially unpalatable. The fact that
plans do cover these drugs in a preferred way suggests that this result reflects issues with
our estimation and modeling approach rather than fundamentals alone. One likely issue is
that, since we model anticoagulants in isolation, the off-equilibrium path only degrades plan
formularies for anticoagulants, meaning that it is not too large a deviation. In practice, if a
plan and PBM fully disagree, the plan will certainly lose rebates on all of its covered drugs,
not merely anticoagulants. As Bernheim and Whinston (1990) emphasize, interactions on
multiple points of contact can sustain cooperation when it would otherwise falter. We are
addressing different possibilities to link anticoagulant specific surplus to broader consumer
drug surplus in a plan, in ongoing work.
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The Impact of Vertical Integration

We use our model and data to measure the impact of PBM-insurer vertical integration. With
our current model structure, since PBMs do not internalize future agency issues during
upstream negotiations, manufacturer-PBM rebates are effectively held fixed, and vertical
integration changes the allocation of rebates.

Since we face an issue where we have multiple PBM-insurer pairs with negative gains
from trade, we focus on CVS/Caremark, a PBM that is 1) vertically integrated, with Sil-
verscript!? and 2) has modeled equilibrium dealings with its sole third-party insurer client,
First United American. We estimate that, in 2015, First United American received 59%
of the rebate delivered to Caremark. In contrast, Silverscript, by virtue of being vertically
integrated, effectively received 100% of the rebate. We estimate that, in the absence of the
CVS/Caremark-Silverscript vertical integration, First United American would receive a 2pp
greater share of rebates, implying that Caremark was indeed “raising rivals’ costs” by lower-
ing the rebate it was willing to offer on account of its internalization of Silverscript’s profits.
In contrast, when we disintegrate Caremark and Silverscript, we estimate a negative rebate
for Silverscript; i.e., Silverscript is willing to pay for the preferred formulary. This indicates
that even in the absence of a rebate, Silverscript would offer a preferred formulary, since its
net margins are sufficiently high that the demand increase outweighs the cost increase.

Interpreting the welfare consequences of these results is difficult. On the one hand, we
find that incentives to raise rivals’ costs are real, though they only reduce rebates offered
to rivals by 3%. This arises from the fact that consumers are weakly formulary-sensitive,
meaning that the threat by PBMs to push insurers into offering low coverage threatens them
with a relatively smaller attack on their profits. On the other hand, reductions of double
marginalization are potentially quite high if, in the absence of integration, a PBM would not
offer any rebate pass-through to an insurer who would otherwise be integrated. In ongoing
analysis, we are assessing different insurance plan surplus models and PBM benefits. These
include (i) linking anticoagulant surplus to surplus for the entire set of drugs on a plan and
(ii) allowing for additional services that PBMs provide to contracting insurers.

2.6 Conclusion

Pharmacy benefit managers have been at the heart of recent debates about rising drugs costs
(FTC (2024)). They are complex entities that perform a variety of functions in the drug sup-
ply chain. One key function is to create drug formularies, i.e. bundles of drugs, by bargaining
lower prices with drug manufacturers. PBMs sell these formularies to insurers downstream,
which in turn determines insurer costs, drug costs and drug access for consumers.

Our project focuses specifically on vertical integration between PBMs and insurers, and
whether this is ultimately good or bad for overall surplus or consumer surplus. There has
been notable concern about vertical integration between insurers and PBMs, with over 80%

12 And, later, with Aetna.
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of PBM market share now tied to 3 large PBMs that are vertically integrated with different
insurers. The economic efficiency effects of vertical integration are often complex R. Lee
et al. (2021) and these concerns are typically discussed at a high level, without digging into
the economics of this specific vertical market structure. Without this kind of analysis, it
is difficult to unpack the efficiency and distributional consequences of vertical integration,
including answering the question of whether it is ultimately a net harm or net benefit.

We analyze this in the context of Medicare Part D, prescription drug insurance for se-
niors. We do so using (i) a model of interactions throughout the vertical supply chain and
(ii) detailed data on drug use, insurer demand, drug rebates, and PBM-insurer relationships.
We estimate consumer price sensitivity to tiering for Xarelto and Eliquis, find some price sen-
sitivity, with inelastic demand overall. We show that plan choice emphasizes plan premiums
more so than ex post cost-sharing and tiering, and find estimate bargaining weights be-
tween non-integrated insurers and PBMs that govern rebate pass through. We also estimate
parameters that govern manufacturer-PBM bargaining over rebates.

We use our estimates to perform a counterfactual case study investigating the impact of
the integration between CVS/Caremark and Silverscript. We study 2015 relations between
these entities, as well as relations with and effects on First United American, a smaller
insurer that Caremark contracts with. We find that vertical integration raises First United
American costs: Caremark passes through a lower portion of rebates when integrated vs.
when not integrated. On average, vertical integration potentially leads to lower premiums
paid downstream in the insurance market in the short run, but also leads to lower competition
in that market, potentially leading to consumer cost issues in the long-run.

While our analysis studies vertical integration between one PBM and one insurer, holding
the rest of the market fixed, in the future it will also be useful to assess how a series of vertical
mergers impacts the market. For example, it could be that having no vertically integrated
firms is optimal, but that once there are already two vertically integrated firms, adding
a third vertically integrated firm is incrementally valuable. The dynamics of competition
are potentially important, and could lead to a vertical integration trap whereby successive
vertical integration occurs because of, and is allowed because of, prior vertical mergers.

Additionally, we focus our analysis on one class of drugs, oral anticoagulants. While
this follows prior work in the literature, and allows us to precisely illustrate the impacts of
vertical integration through the whole supply chain, in future work it will be useful to develop
methods to effectively include more drug classes together in one evaluation. This could
generate both more precise economic estimates of whether or not specific mergers should
be allowed and also lead to some interesting economic insights into what drives bargaining
upstream and downstream in the drug supply space. Further, our current approaches doesn’t
allow for PBM competition to attract insurer clients, an important aspect that will be
valuable to study in future work.

Finally, it will also be interesting in future work to think about the cross-market impacts
of vertical mergers in drug supply. Conceptually, drug manufacturer and PBM bargaining
could apply across all the markets the PBM sells in, including, e.g., Medicare Part D,
Medicare Advantage, employer-sponsored coverage, and Affordable Care Act marketplace
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plans. A given PBM may primarily operate in certain markets, and a given insurer may
operate in others, with different potential levels of overlap. The benefits and harms from
integration depend on these cross-market details and will be interesting to assess going
forward.



66

Bibliography

Abaluck, Jason and Jonathan Gruber (2011). “Choice Inconsistencies among the Elderly:
Evidence from Plan Choice in the Medicare Part D Program”. In: American Economic
Review 101, pp. 1180-1210.

— (2016). “Evolving Choice Inconsistencies in Choice of Prescription Drug Insurance”. In:
American Economic Review 106.8, pp. 2145-84.

Agha, Leila, Soomi Kim, and Danielle Li (2022). “Insurance design and pharmaceutical
innovation”. In: American Economic Review: Insights 4.2, pp. 191-208.

Allende, Claudia et al. (2025). “Centralizing Procurement: The Roles of Scale, Selection, and
Variety”. In.

Barrette, Eric, Gautam Gowrisankaran, and Robert Town (2022). “Countervailing Market
Power and Hospital Competition”. In: The Review of Economics and Statistics 104.6,
pp. 1351-1360.

Bernheim, B. Douglas and Michael D. Whinston (1990). “Multimarket Contact and Collusive
Behavior”. In: RAND Journal of Economics 21.1, pp. 1-26.

Berry, Steven (1994). “Estimating Discrete-Choice Models of Product Differentiation”. In:
RAND Journal of Economics 25.2, pp. 242-262.

Boehm, Eduard (2024). “Intermediation, Choice Frictions, and Adverse Selection: Evidence
from the Chilean Pension Market”. In: URL: https://eduardboehm. com/documents/
boehm_jmp.pdf.

Brot, Zarek, Samantha Burn, et al. (2023). “Rationing medicine through bureaucracy: au-
thorization restrictions in medicare”. In.

Brot, Zarek, Catherine Che, and Benjamin Handel (2025). “Pharmacy Benefit Managers and
Vertical Relationships in Drug Supply”. In: https://www.nber.org/papers/w29959.
Brot-Goldberg, Zarek C. and Mathijs de Vaan (2018). “Intermediation and Vertical Integra-

tion in the Market for Surgeons”. In: Working Paper.

Cao, Shengmao, Lisa Xuejie Yi, and Chuan Yu (Aug. 2024). “Competitive Bidding in Drug
Procurement: Evidence from China”. In: American Economic Journal: Economic Policy
16.3, pp. 481-513. DOL: 10. 1257 /pol . 20220505. URL: https://www . aeaweb . org/
articles?id=10.1257/pol.20220505.

Che, Catherine (2025). “Countervailing Market Power and Misaligned Incentives in US Pre-
scription Drug Pricing”.



BIBLIOGRAPHY 67

Conti, Rena M et al. (May 2021). Common Agent or Double Agent? Pharmacy Benefit
Managers in the Prescription Drug Market. Working Paper 28866. National Bureau of
Economic Research. DOI: 10 . 3386 /w28866. URL: http://www . nber . org/papers/
w28866.

Correia, Sergio, Paulo Guimaraes, and Thomas Zylkin (2020). “Fast Poisson Estimation with
High-Dimensional Fixed Effects”. In: Review of Economics and Statistics 20.1, pp. 95—
115.

Crawford, Gregory S., Robin S. Lee, et al. (2018). “The Welfare Effects of Vertical Integration
in Multichannel Television Markets”. In: Fconometrica 86.3, pp. 891-954.

Crawford, Gregory S. and Ali Yurukoglu (2012). “The Welfare Effects of Bundling in Mul-
tichannel Television Markets”. In: American Economic Review 102.2, pp. 643-685.

Cuesta, Jose Ignacio, Carlos Noton, and Benjamin Vatter (2020). “Vertical Integration Be-
tween Hospitals and Insurers”. In: Working Paper.

Decarolis, Francesco, Maria Polyakova, and Stephen P. Ryan (2020). “Subsidy Design in
Privately Provided Social Insurance: Lessons from Medicare Part D”. In: Journal of
Political Economy 128.5, pp. 1712-1752.

Dubois, Pierre, Ashvin Gandhi, and Shoshana Vasserman (2022). “Bargaining and interna-
tional reference pricing in the pharmaceutical industry”. In.

Dubois, Pierre, Yassine Lefouili, and Stéphane Straub (2021). “Pooled Procurement of Drugs
in Low and Middle Income Countries”. In: Furopean FEconomic Review 132, p. 103655.
ISSN: 0014-2921. DOI: https://doi.org/10.1016/j.euroecorev.2021.103655. URL:
https://www.sciencedirect.com/science/article/pii/S0014292121000088.

Einav, Liran, Amy Finkelstein, and Maria Polyakova (2018). “Private Provision of Social
Insurance: Drug-Specific Price Elasticities and Cost Sharing in Medicare Part D”. In:
American Economic Journal: Economic Policy 10.3, pp. 122-153.

Fein, Adam (2020). “The Gross-to-Net Bubble Hit $175 Billion in 2019: Why Patients Need
Rebate Reform”.

Feng, Josh and Luca Maini (2024). “Demand Inertia and the Hidden Impact of Pharmacy
Benefit Managers”. In: Management Science 70.12, pp. 8940-8961.

FTC (July 2024). “Pharmacy Benefit Managers: The Powerful Middlemen Inflating Drug
Costs and Squeezing Main Street Pharmacies”. In.

Garthwaite, Craig and Fiona Scott Morton (Nov. 2017). “Perverse Market Incentives En-
courage High Prescription Drug Prices”. In.

Gowrisankaran, Gautam, Aviv Nevo, and Robert Town (2015). “Mergers When Prices Are
Negotiated: Evidence from the Hospital Industry”. In: American Economic Review 175,
pp. 172-203.

Gray, Charles, Abby E. Alpert, and Neeraj Sood (2023). “Disadvantaging Rivals: Vertical
Integration in the Pharmaceutical Market”. NBER Working Paper No. 31536.

Grennan, Matthew et al. (Sept. 2024). “No Free Lunch? Welfare Analysis of Firms Selling
Through Expert Intermediaries”. In: The Review of Economic Studies 92.4, pp. 2537—
2577. 18SN: 0034-6527. DOIL: 10.1093/restud/rdae090. eprint: https://academic.oup.



BIBLIOGRAPHY 68

com/restud/article-pdf/92/4/2537/63693776/rdae090_supplementary_data.pdf.
URL: https://doi.org/10.1093/restud/rdae090.

Gruber, Jonathan et al. (Apr. 2020). Managing Intelligence: Skilled Experts and AI in Mar-
kets for Complex Products. Working Paper 27038. National Bureau of Economic Research.
DOI: 10.3386/w27038. URL: http://www.nber.org/papers/w27038.

Guardado, Jose (Sept. 2024). “Compeition in PBM Markets and Vertical Integration of
Insurers and PBMs: 2024 Update”. In.

Handel, Benjamin R. (2013). “Adverse Selection and Inertia in Health Insurance Markets:
When Nudging Hurts”. In: American Economic Review 103.7, pp. 2643-2682.

Harrington, Amanda R. et al. (2013). “Cost-Effectiveness of Apixaban, Dabigatran, Rivarox-
aban, and Warfarin for Stroke Prevention in Atrial Fibrillation”. In: Stroke 44.6, pp. 1676—
1681. DOI: 10.1161/STROKEAHA . 111.000402. eprint: https://www.ahajournals.org/
doi/pdf/10.1161/STROKEAHA . 111.000402. URL: https://www.ahajournals. org/
doi/abs/10.1161/STROKEAHA.111.000402.

Hastings, Justine, Ali Hortagsu, and Chad Syverson (2017). “Sales Force and Competition
in Financial Product Markets: The Case of Mexico’s Social Security Privatization”. In:
Econometrica 85.6, pp. 1723-1761. DOIL: https://doi.org/10.3982/ECTA12302. eprint:
https://onlinelibrary.wiley.com/doi/pdf/10.3982/ECTA12302. URL: https:
//onlinelibrary.wiley.com/doi/abs/10.3982/ECTA12302.

Ho, Kate, Joseph Hogan, and Fiona Scott Morton (2017). “The Impact of Consumer Inat-
tention on Insurer Pricing in the Medicare Part D Program”. In: The RAND Journal of
Economics 48.4, pp. 877-905.

Ho, Kate and Robin Lee (2017). “Insurer competition in health care markets”. In: Econo-
metrica 85.2, pp. 379-417.

Ho, Kate and Robin S. Lee (2024). “Contracting over Pharmaceutical Formularies and Re-
bates”. In.

Kakani, Pragya, Michael Chernew, and Amitabh Chandra (Mar. 2020a). Rebates in the
Pharmaceutical Industry: Evidence from Medicines Sold in Retail Pharmacies in the U.S.
Working Paper 26846. National Bureau of Economic Research. DOI: 10.3386/w26846.
URL: http://www.nber.org/papers/w26846.

— (Mar. 2020b). “Rebates in the Pharmaceutical Industry: Evidence from Medicines Sold
in Retail Pharmacies in the U.S.” In: URL: http://www.nber.org/papers/w26846.
Lee, Robin, Michael Whinston, and Ali Yurukoglu (2021). “Vertical Market Structure and

Industrial Organization”. IO Handbook.

Lee, Robin S. (Dec. 2013). “Vertical Integration and Exclusivity in Platform and Two-Sided
Markets”. In: American Economic Review 103.7, pp. 2960-3000. DOI: 10. 1257 /aer.
103.7.2960. URL: https://www.aeaweb.org/articles?id=10.1257/aer.103.7.2960.

Lee, Robin S., Michael D. Whinston, and Ali Yurukoglu (2021). “Structural Empirical Anal-
ysis of Contracting in Vertical Markets”. In: Handbook of Industrial Organization. Ed. by
Kate Ho, Ali Hortagsu, and Alessandro Lizzeri. Elsevier B.V. Chap. 9, pp. 673-742.



BIBLIOGRAPHY 69

Lucarelli, Claudio, Jeffrey Prince, and Kosali Simon (2012). “The Welfare Impact of Re-
ducing Choice in Medicare Part D: A Comparison of Two Regulation Strategies”. In:
International Economic Review 53.4, pp. 1155-1177.

Noubiap, Jean Jacques et al. (2024). “Minimum National Prevalence of Diagnosed Atrial
Fibrillation Inferred From California Acute Care Facilities”. In: Journal of the American
College of Cardiology 84.16, pp. 1501-1508. DOI: 10.1016/j.jacc.2024.07.014. URL:
https://www. jacc.org/doi/10.1016/j.jacc.2024.07.014.

Olssen, Alexander and Mert Demirer (2023). “Drug Rebates and Formulary Design: Evidence
from Statins in Medicare Part D”. In.

Polyakova, Maria (2016). “Regulation of Insurance with Adverse Selection and Switching
Costs: Evidence from Medicare Part D”. In: American Economic Journal: Applied Eco-
nomics 8.3, pp. 165—-195.

Rey, Patrick and Jean Tirole (2007). “A Primer on Foreclosure”. In: Handbook of Industrial
Organization. Ed. by Mark Armstrong and Robert Porter. Vol. 3. Elsevier, pp. 2145—
2220. DOI: https://doi.org/10.1016/S1573-448X(06) 03033 - 0. URL: https:
//www.sciencedirect.com/science/article/pii/S1573448X06030330.

Robles-Garcia, Claudia (2019). “Competition and Incentives in Mortgage Markets: The Role
of Brokers”. In.

Sood, Neeraj et al. (2020). “The Association Between Drug Rebates and List Prices”. In:
Schaeffer Center White Paper Series. URL: https://schaeffer.usc.edu/wp-content/
uploads/2024/10/SchaefferCenter_RebatesListPrices_WhitePaper-1.pdf.

Starc, Amanda and Robert J. Town (2020). “Externalities and Benefit Design in Health
Insurance”. In: Review of Economic Studies 87, pp. 2827-2858.

Starc, Amanda and Thomas G. Wollmann (May 2025). “Does Entry Remedy Collusion?
Evidence from the Generic Prescription Drug Cartel”. In: American Economic Review
115.5, pp. 1400-1438. DOIL: 10.1257/aer.20220276. URL: https://www.aeaweb.org/
articles?id=10.1257/aer.20220276.

Wouters, Olivier J. et al. (Jan. 2025). “Drug Prices Negotiated by Medicare vs US Net
Prices and Prices in Other Countries”. In: JAMA 333.1, pp. 85-87. 1SSN: 0098-7484. DOTI:
10.1001/ jama . 2024 . 22582. eprint: https:// jamanetwork . com/ journals/ jama/
articlepdf/2827433/jama_wouters_2024_1d_240085_1735243284.27194 .pdf. URL:
https://doi.org/10.1001/jama.2024.22582.

Yeung, Kai, Stacie B. Dusetzina, and Anirban Basu (June 2021). “Association of Branded
Prescription Drug Rebate Size and Patient Out-of-Pocket Costs in a Nationally Represen-
tative Sample, 2007-2018”. In: JAMA Network Open 4.6, €2113393-€2113393. 1SSN: 2574-
3805. DOI: 10.1001/ jamanetworkopen . 2021 . 13393. eprint: https:// jamanetwork.
com/ journals/jamanetworkopen/articlepdf/2780950/yeung\_2021\_o0i\_210406\
_1622769926 . 4329 . pdf. URL: https://doi.org/10.1001/jamanetworkopen.2021.
13393.



Appendix A

Appendix to Chapter 1

A.1 Figures

Figure A.1: Rebate Trends
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Notes: This figure shows how rebates, as a percent of list prices, for rapid-acting insulin products and oral
anticoagulants have evolved over time.
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Figure A.2: Industry Structure for Direct Negotiation
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Notes: This simplified diagram shows how pricing would work in a counterfactual where insurers directly
negotiate for rebates. A double-sided arrow denotes bilateral negotiation, while a single-sided arrow denotes
unilateral price setting.
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Figure A.3: Industry Structure for Firm Price Setting
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Notes: This simplified diagram shows how pricing would work in a counterfactual where the firm has full
pricing power: it sets a price subject to political constraints, and doesn’t provide any rebate. Put differently,
the firm sets a single list price which coincides with the net price. List minus consumer out of pocket cost is
what the insurer pays. A double-sided arrow denotes bilateral negotiation, while a single-sided arrow denotes
unilateral price setting.

A.2 Tables

A.3 Demand Estimation

Drug demand

Recall consumer ¢’s utility from consuming drug d € D on formulary F; in market m (Eq.
1.1):

Uijdmt = BgOOngdmt + Rgdmt +£Z]mtﬂ{d 7£ O} + >\Eijdmt

drug-market-group FE

-~

=Vijdmt
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Figure A.4: Industry Structure for Rebate Point-of-Sale Pass-Through
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Notes: This simplified diagram shows how pricing would work in a counterfactual where middlemen pass
through rebates to consumers at the point of sale, which is usually a pharmacy. Instead of facing out of
pocket costs based on the list price, a consumer would pay out of pocket costs based on list minus the rebate
negotiated for that consumer’s insurance plan. In other words, a consumer covered by insurer 1 would pay
based on list minus rebate A, and a consumer covered by insurer 3 would pay based on list minus rebate
B. Note that this counterfactual is identical to each middleman-firm pair negotiating for a net price, which
may be middleman-specific. A double-sided arrow denotes bilateral negotiation, while a single-sided arrow
denotes unilateral price setting.

where & jpil{d # 0} 4+ \€;jamt and €;;am: each have a TIEV distribution. (The utility of taking
no drug, u;jomt, is normalized to zero.)
The probability of choosing drug d can be written as

eVijame/A (Zk mkmt/)‘)
J 2
tjdmt ZkeD evijkmt/A 1 4 (Zk zjkmt/)‘)A
— o
=Lijdmt|d#0 mdmt;ﬁO

We can re-scale and relabel as follows:

= + €ijdmt
A A A A Han
o
—umdmt Bg Rgdmt

Hence,

- ~ . simtl{d # 0
Uijdme = ﬁgOOngdmt + Rgdmit + w + €ijdmt
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Figure A.5: Industry Structure for Medicare Negotiation
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Notes: This simpliﬁed diagram bhOWS how pricing would work in a counterfactual where the government
aggregates all demand and negotiates with the drugmaker for a discounted price. This price would then be
used throughout the supply chain, including for calculating consumer out-of-pocket costs.

Table A.1: Middleman Size and Concessions (DIR)

M @) ® @
DIR DIR DIR DIR
Size (000s) 0.10%* 0.08** -0.10%** -0.10%**
(0.05) (0.04) (0.03) (0.03)
Size x Middleman (000s) 0.26*** 0.27%**
(0.05) (0.04)
Year FE No Yes Yes Yes
Outliers Yes Yes Yes No
Observations 23 23 23 22
R? 0.20 0.45 0.76 0.84

Notes: Each observation is for a PBM-year. The main explanatory variable, size, is the
number of enrollees that the insurer has. Model 3 and 4 include a dummy for if an insurer
uses a middleman. Insurers who do not use middleman self-negotiate with drug manufac-
turers. Model 4 drops an outlier observation in the dependent variable. Standard errors in
parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

To estimate the inside shares, we need to normalize by an inside good, call this drug 1.

A

Uijdmt = ﬁgOOngdmt + Rgdmt — Kgimt +K'g1mt + + €ijdmit
—_————

:Ai‘%gdmt

=Vijdmt
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Table A.2: Cost-Share and Formulary Placement

Cost share Formulary placement for Xarelto and Eliquis
Year Middleman Count | Xarelto Eliquis | (pref, pref) (pref, non-pref) (non-pref, pref)
2015 Aetna 23133 0.11 0.48 0 81 0
2015 CVS/Caremark 48090 0.1 0.11 97 4 0
2015 Catamaran 33060 0.58 0.2 64 0 54
2015 Express Scripts 20923 0.15 0.15 69 0 0
2015 Humana 88740 0.19 0.2 96 0 0
2015 OptumRx 135857 0.13 0.13 67 0 0
2015 Prime Therapeutics 26720 0.1 0.21 6 18 0
2016  Aetna 35877 0.12 0.46 0 91 0
2016 CVS/Caremark 75016 0.12 0.12 142 0 0
2016 Express Scripts 22051 0.16 0.17 68 0 0
2016 Humana 97536 0.19 0.22 95 0 0
2016 OptumRx 150409 0.13 0.13 135 0 0
2016 Prime Therapeutics 26618 0.15 0.16 23 0 0
2017 Aetna 35881 0.11 0.45 0 88 0
2017 CIGNA 10789 0.1 1 0 57 0
2017 CVS/Caremark 82509 0.11 0.47 2 120 0
2017 Express Scripts 25118 0.14 0.18 73 2 0
2017 Humana 106694 0.21 0.23 95 0 0
2017 OptumRx 144629 0.11 0.15 88 29 0
2017 Prime Therapeutics 26730 0.17 0.22 21 3 0
2018 Aetna 38367 0.09 0.1 88 0 0
2018 CIGNA 10185 0.09 0.42 0 56 0
2018 CVS/Caremark 94443 0.1 0.1 124 0 0
2018 Express Scripts 27168 0.1 0.12 103 0 0
2018 Humana 109575 0.19 0.19 96 0 0
2018 OptumRx 142341 0.09 0.18 93 32 0
2018 Prime Therapeutics 28232 0.12 0.12 29 0 0
2019 CVS/Caremark 160363 0.09 0.09 246 0 0
2019 Express Scripts 37450 0.1 0.2 103 65 0
2019 Humana 100296 0.19 0.19 96 0 0
2019 OptumRx 138025 0.08 0.21 66 32 0
2019 Prime Therapeutics 27214 0.17 0.12 26 0 3

Notes: This table shows for each middleman-year, the number of patients covered by the middleman’s
insurers, average cost-share (as a percent of list price), and the distribution of health plans by formulary
coverage. Patient count is restricted to those with atrial fibrillation.

Given the TIEV distribution on €;;gmt,

” ~ iimtI{d#0 ~
ex (Vs + Ry + S22 exp(Vigane)

Zk;éo eXp (‘N/z'jkmt + Rgimt + M) Zk;ﬁo exp(‘/z‘jkmt)

Pijdmt|d7£0 =
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Now we can take the log of both sides and apply a Poisson regression:

log(E[Sijdmﬂd;éO]) = ‘;;jdmt + KR = BQOOngdmt + ARgamt + K (A.1)
—_———

=L jdmt|d#0

Note that k; is a “decision-maker”-level fixed effect, and controls for the denominator in
Pijamiazo0- In our context, since consumer heterogeneity is modeled at the group level, ; is
equivalent to a plan-market-year-group fixed effect, where group is the demographic group

g(X;) that 7 belongs to (i.e. k; = Kgjmt). From this regression, we can recover f; and AR gy
Now we move to the “second” or “outer” regression which recovers A and g1, Note

that by construction,

VVijdmt - ~
\ — Vijdmt + Rgimt-

Hence, the probability of choosing the inside nest is

A - A

P -
1+ (Zkﬂ) ev’ijkmt/)\> 1+ (Z,ﬁéo exp(Vijkme + /%glmt)>

Pijdmt;ﬁo = 2\

which leads to our second estimating (Poisson) regression:

10g<]E[Sijdmt7é0]) = log (Z exp(‘zjkmt + Rglmt)) + jomt
N—— k20

=Pijdmt+£0

= )\'%glmt + A 108; <Z eXp(‘zjkmt)> + Rgjmt
k£0

= KRgimt + A lOg (Z eXp(%jkmt)) + Rgjimt (AQ)
k#0

where Kg;m: once again serves to control for the denominator in the probability.
The consumer surplus of a consumer from having access to drugs conditional on insurance
choice is

A
CSijmt =log |1+ (Z e%jkmt/)\)

k40

= log (1 + exp (/iglmt + Alog (Z exp(f/ijkmt)> )) (A.3)
k0

Note that consumer surplus is a function of plan formulary, e.g. C'S;jmi = C'S;i(Fjme), because
out-of-pocket cost is a function of formulary.
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Insurance plan demand

Given an insurance plan j, consumer surplus for the plan is given by plan j’s formulary (de-
noted by F;), which we can estimate per Eq. A.3. Consumers next choose from all available
plans in a given market.

Recall consumer ¢’s utility from choosing plan j in market m and year t sponsored by
insurer ¢ (Eq. 1.3):

uigjmt = n¢jmt + VOngmt + anmt + ngct + 5gmt + Aé‘gjmif + eigjmt

where g denotes the group that ¢ belongs to, 1 is premium-sensitivity, v is the relative weight
on realized consumer surplus from drug consumption relative to idiosyncratic features e, and
X is a vector of plan attributes. kg is a fixed effect at the group-insurer-year level. 9y,
is a group-market fixed effect and Adg;, is plan j’s deviation from the group-market fixed
effect. We assume e has a TIEV distribution. Thus, patient demand for plan j is given by

eXp (ngbjmt + ’YCngmt + anmt + /{gc(j)t + 5gmt + A(()‘gjmt)
L+ 7., XD (10pmt + YCSgpmi + A Xpmt + Kge(pyt + Sgmt + Adgpme)

Sigimt = Sgjmt =

Estimation follows Berry 1994.
log(sgjmt) - log(SgOmt) = 77¢jmt + P)/Ongmt + CYijt + /{gc(j)t + (ngt + A(ngmt (A4)

Under the assumption that the plan’s deviation from group-market utility, Adg;m, is ran-
domly distributed after controlling for group-insurer-year fixed effects, this can be estimated
with OLS. I follow the literature in constructing a Hausman-style instrument for plan pre-
mium ¢@j,,; by using the premium for similar plans sponsored by the same insurer in other
markets.

A.4 Rebate Derivation

The Nash solution for each plan-drug specific rebate 7"? sets the ratio of gains from trade of
the two parties equal to the ratio of their bargaining weight. The gains from trade are given
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in Eq. 1.4 (middleman) and Eq. 1.6 (drug manufacturer).

d,dis ~
1—p =) - {pdqj + 2 e k(0" = T?)Af}

d ——d A —d
o ria) =7 CA,
(1=0) (rfaf = 77°A7") = b ((pd = = plgit =Y ' - rf)Af)
le-K
rid; — (1= b5)iy A7 = bf (pdq? —plgi =y (' - fﬁ)Af)
le—K
ddls ~ ~ _
J b? (pdq g =3 (0 rld)Ald) + (1 — b?)rj dAj d
. =
J q.;i
d,dis ~ _
(P e 0 AT (b A
=% \P - 7 + n
q; 4q;
d,dis ~ ~_ — ~ _
_ bd d pdq] + Zle—lC(pd - Tld)A?l + Tj dAj d n Tj dAj d
j 4a;

A.5 List Price Derivation

Recall that consumer surplus from having anticoagulants covered on insurance is given by
Eq. 1.2

A
CSijm =log [ 1+ (Z ew"’“m/)‘)
keD

where Vijgm = ByO0P gjkm + Kgim is the deterministic portion of u;jiy, and A denotes the

nest parameter.
This can be rewritten as

CSijm = log <exp (liglm + A log <Z exp(f/ijkm)>> + 1) :
k£0

V;jdm = ﬁgOOngdm + /%gdm - '%glm
—_————

=ARgdm

with

where the tilde superscript denotes scaling by 1/A.
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Recall the firm’s FOC, per Eq. 1.12:

oIl v 0C'S;; on
0= ——=1¢(— IO (1 — ) —
dp L(nz op ) ( >3p

which implies that
—0m/0Op

L= . acs, - (A.5)
(ﬁ 2iijm oy O/ )
The derivatives are given by
0CS;jm 0CSijm
= CSgjidm
&p 800ngdm
exp (/fglm + Alog (Z,@éo exp(f/ijkm)>> Aexp(Vijam) =
By cSgjam

exp (/iglm + Alog <Zk¢0 exp(f/ijkm)>) +1/ Dkzo exp(Vijrm)

and

or 9q; —\ _ 9g; 04 o
o ZJ: <(p %) g00p, "% qﬂ) - P XJ: 900P," Xj: (Cﬂ 900p, % ~ 4

Once we recover ¢, counterfactual prices can be calculated as

Z aCSUm L)8_7r
n dp

2,5,m
v 9C'S;jm B 0q; o 0q; .
(n ;ﬂ (L=u{p EJ: a00P, 7 EJ: Tp00Pp, 1 U

0CS;iim 0q,;
—t (% 2 ijm a—p’) + (=) Z' (%Wg)’pjcsy‘ - %)

g,
(1—20) Z] aOOP a00p, €5j

p:

Let p° denote price without rebates. Then the percentage change in price is given by

P-p (=02 CJaoop €S

n 8CSijm dq;
P (38 ) - -0 %, (sakmes — )
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A.6 Alternative Model of List Price Setting

Instead of the firm’s objective given in Eq. 1.10, suppose the drug manufacturer internalizes
that a given change in the list price, some portion of it will go toward rebates. Without
loss of generality, suppose rebate is now expressed in percentage terms, instead of in dollar
values. The modified net profit objective is given by

7(p) =Y (1=7;)p ¢;(O0P;(p))

J

where OOP; = ¢s; x p. The corresponding derivative is

or 0q;
a—p:Z(l—r)( 8OOP csj—irq])

J

The political constraints parameter ¢ continues to be given by Eq. A.5. Counterfactual
prices are given by

( 3 acswm> (1=2) (Z(l —75) < ac?op 9 +qj>)

= (%’Zi,j,m 2n) (1= 1) 5, (1= 1),
(1—1) (Zj(l T )aoop cs]>

As shown in Figure A.7 in the hollow scatter plot series, under this alternative list price
model, price actually decreases with rebating. The intuition is when the firm contemplates
raising price, it knows that demand responds to the full price increase, while it only benefits
from a fraction (i.e. one minus the rebate fraction) of the price increase. As a result, it will
actually lower price in response to higher percentage rebate. Since this pattern is clearly
inconsistent with what we observe in data (e.g. Figure 1.1 and Figure A.1 show that as
rebate rises in percentage term, so does the list price), the main specification uses the model
that treats rebate as a (fixed) marginal cost in the firm’s pricing decision, which are shown
in the solid scatter plot series in Figure A.7.
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Figure A.6: Payoff Comparison Across Counterfactuals

(a) Insurers pass 100% of rebates to consumers
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(C) Insurers pass no rebates to consumers
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Notes: This figures shows payoff change vs the status quo for consumers, drug manufacturers, insurers under 4
counterfactuals: direct negotiation, firm pricing, rebate POS pass-through, and Medicare negotiation. A summary
of what these counterfactuals represent relative to the status quo can be found in Table 1.8. The industry structure
for the status quo is depicted in Figure 1.3 while the industry structure for each counterfactual can be found in
Figure A.2 through Figure A.5. Insurers are omitted from sub-figure (a) as when insurers pass through all rebates to
consumers via premium reduction, then they derive no profit from rebates. These calculations hold drug quantities
constant at their status quo values.



APPENDIX A. APPENDIX TO CHAPTER 1

List price ($ per day of supply)

10 12 14 16 18 20

op

Figure A.7: Rebate vs List Price
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