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Abstract
Background  Promoting substitution of lower priced generics for brand drugs once the market exclusivity period for the latter 
expires is a key component of the US strategy for achieving value in prescription drugs.
Objective  This study examines the effect of generic competition on drug prices by estimating the effect of entry of generic 
drugs, following a brand’s loss-of-exclusivity (LOE), on the average price of competing drugs.
Methods  Using the Medicare Part D drug event (PDE) data from 2007 to 2018, we utilize both fixed effects and random 
effects at the drug level to estimate the relationship of competitors and prices within each drug while controlling for factors 
across drugs. We follow a drug 24 months and 36 months after first generic entry to examine whether the relationship between 
number of suppliers and price would change over time. We also test the hypothesis that drugs with more recent LOE might 
face less competition than those with earlier LOE.
Results  We find that drug prices fall with increasing number of competitors. Prices decline by 20% in markets with about 
three competitors (the expected price ratio of current generic to pre-generic entry brand average prices is 80%). Prices con-
tinue to decline by 80% relative to the pre-generic entry price in markets of ten or more competitors (the expected price ratio 
is about 30% following 2 years after entry, dropping to 20% following 3 years after entry). We also find that the impact of 
competition on relative prices is similar for generic drugs first entering the market in either 2007–11 or 2012–15.
Conclusion  Promoting generic entry and maintaining effective provider competition are effective methods for containing 
drug prices.
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Key Points for Decision Makers 

Drug prices fall with increasing number of competitors. 
Prices decline by 20% in markets with about three com-
petitors and continue to decline by 80% in markets of 
ten or more competitors relative to the pre-generic entry 
price following 3 years after entry.

The impact of competition on relative prices is simi-
lar for generic drugs first entering the market in either 
2007–11 or 2012–15.

Promoting generic entry and maintaining effective pro-
vider competition are effective methods for containing 
drug prices.

1  Introduction

A critical part of the U.S. strategy for achieving value in 
prescription drug is the substitution of lower price generics 
for brand drugs once the market exclusivity period for the 
latter expires [28, 34]. Generic competition has intensified 
in the last decade with the expiration of market exclusivity 
of a large number of branded drugs in 2011 and 2012, creat-
ing opportunities for entry and expanded use of lower cost 
generic drugs [1]. Then, in July 2012, Congress enacted the 
Generic Drug User Fee Amendments (“GDUFA I”), as part 
of the Food and Drug Administration Safety and Innova-
tion Act. GDUFA provided additional resources for the US 
Food and Drug Administration (FDA) to address the back-
log of Abbreviated New Drug Applications (“ANDAs”) and 
expedite its reviews of new ANDA submissions [7]. These 
developments aided the continuing shift toward the use of 
generic drugs, whose share of all retail and mail-order -dis-
pensed drugs increased from 36% in 1994 to 75% in 2009 
and 90% in 2017 [4, 17]. In clearing a historic backlog of 
ANDAs, the FDA approved a record number of generics 

http://orcid.org/0000-0002-8389-7145
http://crossmark.crossref.org/dialog/?doi=10.1007/s40258-021-00705-w&domain=pdf


244	 N. X. Nguyen et al.

during 2017–19.1 These new generic drugs are expected to 
further moderate the rate of growth in drug spending [28, 
29].

However, in recent years, concerns about competition and 
pricing in the generic industry have arisen. Recent mergers 
and acquisitions have resulted in consolidation in generic 
manufacturing. There were 22 mergers and acquisitions in 
2014 worth $1.86 billion, in 2015 there were 34 totaling 
$33.56 billion, and in 2016, there were 42 worth in excess of 
$44 billion [16]. Therefore, there is concern about whether 
new generic markets will get the same competitive response 
as in the past, as well as whether low profit margins will 
result in an increasing number of noncompetitive generic 
markets and price spikes [20]. During 2012–15, there were 
price increases, some very large, for certain generic drugs 
that are the standard of care for certain diseases [35]. In 
addition, many of the ANDAs approved by the FDA in 
recent years have been for subsequent generics—that is, 
generic versions for markets that already have at least three 
competitors. There is also concern that such approvals do 
not have the same price-reducing effect as approval for the 
first three competitors in the market [23].

In this study, we analyze the effect of generic competition 
on drug prices to address two of the important questions 
raised above. First, following a loss of patent exclusivity 
(LOE) of a brand-name drug, does the price of generic drugs 
continue to decline with each additional market entrant or 
level off after the first few entrants? Second, has the price 
reducing effect of competition in new generic markets 
declined over time? Addressing these questions has direct 
policy implications for the FDA of the Department of Health 
and Human Services (HHS) to affect generic entry and pro-
mote competition.

2 � Background

There is a considerable amount of literature with varying 
estimated impacts on the relationship between the number 
of generic market competitors and prices.2

Frank and Salkever (1995) estimate that each entrant 
reduces the price of a generic product by 5.6–7.2%; thus, 
moving from the sample mean of about 5–10 competitors 
would reduce prices by between 28 and 72% [15]. Using 

IMS data from 1980 through 1991 to study a sample of 32 
drugs that lost patent protection during 1984–87, the authors 
examine the effect of the number of generic sellers (N), the 
main independent variable obtained from the Orange book, 
on price, the main dependent variable defined as average 
revenue per extended unit.3

Wiggins and Maness (2004) show that price falls rapidly 
with entry of a few competitors and price continues to fall 
even with numerous sellers. For example, price falls about 
83% as the number of sellers increase from one to between 
six and 15, and falls by another 52% as sellers increase from 
the six to 15 range to more than 40 [36]. Using retail-level 
pharmacy transaction data for all anti-infective products over 
the 1984-90 period from the National Prescription Audit of 
IMS America, the authors estimate the impact on the real 
price per prescription (dummy for brand name products) of 
competition. Competition is measured by N (number of sell-
ers), HHI (the Herfindahl index), or 1/(N+1) (the Cournot 
specification).4

Chintan, Hartzema, and Kesselheim (2017) show that 
the number of manufacturers of the generic drug is strongly 
associated with the relative price of the generic to the brand-
name drug [8]. The relative price decreases to 87% for drugs 
with one generic competitor, then to 77% with a second 
manufacturer, and further down to 60% with three manu-
facturers and 21% with ten or more competitors. The authors 
examine the relative prices of generic to brand-name drugs 
using MarketScan commercial claims data during 2008-14.

Berndt, Conti, and Murphy (2017) estimate that the elas-
ticity of price with respect to manufacturer count ranges 
from − 0.710 to − 0.777 [6]. Assuming an estimated elas-
ticity of -0.75, an increase from two to three manufacturers 
implies a 30% price decrease.5 When adding fixed effects 
for molecule, the study suggests that increase from two 
to three manufacturers implies about a 15% price reduc-
tion.6 The study uses IMS National Sales Perspective data, 
2004Q4–2016Q3.

Reiffen and Ward (2005) find a negative relationship 
between price and the number of firms, and that the marginal 
effect of an additional firm tends to decline with increas-
ing number of firms [24]. For example, with 11 or more 

1  See https://​blogs.​fda.​gov/​fdavo​ice/​index.​php/​2018/​02/​2017-​was-​
anoth​er-​record-​setti​ng-​year-​for-​gener​ic-​drugs/. FDA approved 843 
full approvals and 184 tentative approvals in 2017 alone. For 2019, 
see https://​www.​fda.​gov/​drugs/​gener​ic-​drugs/​2019-​office-​gener​ic-​
drugs-​annual-​report.
2  For this literature review focusing on the U.S. market, we exclude 
studies using pre-1984 data, the year the Waxman Hatch Act was 
passed that dramatically changed the landscape of the generic drug 
industry.

3  IMS is the precursor of IQVIA. An extended unit is the most basic 
unit of volume for a product such as capsule or grams.
4  Real price is in 1982-84 dollars. The HHI (Herfindahl Hirschman 
index) is computed as the sum of the squared-market-share of each of 
the 98 chemicals in the data base.
5  Assuming an elasticity of -0.75, a log change from 2 to 3 manufac-
turers is equal to 0.4055 log units (ln(3)=1.0986 minus ln(2)=0.6932 
equals 0.4055). The price change is therefore -0.75*0.4055=-0.3041 
or a 30% price drop.
  implying a predicted price increase of -0.75x-0.4955 = 0.3716, or 
about a 37% price increase
6  Columns 7 and 13 of Table 5 in Berndt, Ernst R.; Conti, Rena M.; 
Murphy, Stephen J. (2017).

https://blogs.fda.gov/fdavoice/index.php/2018/02/2017-was-another-record-setting-year-for-generic-drugs/
https://blogs.fda.gov/fdavoice/index.php/2018/02/2017-was-another-record-setting-year-for-generic-drugs/
https://www.fda.gov/drugs/generic-drugs/2019-office-generic-drugs-annual-report
https://www.fda.gov/drugs/generic-drugs/2019-office-generic-drugs-annual-report
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competitors, the generic price is estimated to be 67.5% of the 
pre-expiry price of the branded drug. Using IMS data on 31 
drugs that went off patent in the late 1980s and early 1990s, 
and subsequently faced competition from generic producers, 
the average price of a drug is constructed as revenue divided 
by quantity.7 The dependent variable of the price equation 
is the ratio of the post-patent-expiration generic price for a 
chemical to the price of the branded version of that chemical 
during the year prior to patent expiration.8

An updated analysis by the (FDA 2019) confirms that 
greater competition among generic drug makers is associ-
ated with lower generic drug prices [14, 21].9 Using two 
different sources for wholesale prices, the FDA shows that 
generic drug prices after initial generic entry decline with 
additional competition using both the average manufacturer 
prices (AMP) reported to the Centers for Medicare and Med-
icaid Services (CMS) and invoice-based wholesale prices 
reflecting pharmacy acquisitions from IQVIA’s National 
Sales Perspective database (NSP).10 Based on data for all 
drug products that had initial generic entry between 2015 
and 2017, the results show that for products with a single 
generic producer, the generic AMP is 39% lower than the 
brand AMP before generic competition (vs. 31% reduction 
using invoice prices). With six or more competitors, generic 
prices using both AMP and invoice prices show price reduc-
tions of more than 95% compared to brand prices.

The differences in these results are attributable to fac-
tors such as varying samples of drugs studied, differing time 
periods and the choices made in statistical models. One 
methodological choice is how to represent the number of 
generic competitors. The depiction of competition can be 
categorized into two approaches: (1) using the number of 
competitors (N) or some variant of N, or (2) using a set of 
binary variables to describe the number of competitors. The 
first approach, by using the number of firms as an explana-
tory variable, assumes that the effect of an increase by 1 in 
the number of firms is independent of the initial number of 

firms and that the relationship between the number of suppli-
ers and price is predetermined in the equation. For example, 
generic price is assumed to vary linearly with N, the number 
of firms [8, 14, 15]; with N and N2 [10]; or with N and 1/N 
[36]. The second approach for measuring competition uses 
a set of binary variables to represent the number of competi-
tors. Unlike using a single number as a dependent variable, 
this specification would not assume a priori functional form 
on the effect of additional competitors on price but would 
allow the marginal effect of an additional firm to vary with 
the number of firms [24].

While many studies pre-date Medicare Part D, we use the 
Medicare Part D drug events (PDE) data from 2007 through 
2018 to examine all generics entering the Part D markets 
during 2007–15 and follow the drugs for 24 and 36 months 
after entry. In addition, we use both approaches adopted in 
the literature to represent competition and use both fixed 
and random effects as well as accounting for potential mar-
kets size in order to address the potential endogeneity in the 
relationship between the number of competitors and price.

3 � Data and Methods

3.1 � Data

To examine the relationship between number of suppliers 
and price, we use the latest Medicare Part D (PDE) data 
from 2007 to 2018, hence, complementing most previous 
work that relies on the IMS national sales data or private 
payers claims data.11 A drug is defined by a combination of 
molecule (active ingredient), route of administration, and 
dosage form. The unit of analysis is a drug month (molecule-
form-month). We restrict the analysis to single-ingredient 
drugs with at least 24 to 36 months of generic competition 
following entry. Therefore, we restrict the data to drugs that 
had generic entry from 2007 through 2015 as this would 
allow us to follow a drug that entered in 2015 the full 36 
months (ending in 2018) after first generic. We consider an 
entry to occur in the first month in which a drug has positive 
sales following at least a quarter of zero sales.

We compute prices of each drug by quantity-weighted 
averaging ingredient costs across the NDC-level12 to the 

7  The price per kilogram is the average revenue for a particular 
strength and form derived by dividing total generic revenue by the 
number of kilograms of generic product.
8  The use the branded price before patent expiration, rather than the 
contemporaneous branded price, is preferred because the latter is 
likely to be determined jointly with the generic price. In contrast, the 
branded price before there is any generic entry is likely to be inde-
pendent of the number of generic producers in future periods.
9  An earlier working paper by the Federal Trade Commission (FTC) 
shows that during the first 24 months of generic entry, the ratio of 
generic price to branded price declines more slowly in number of 
manufacturers among drugs that always have less than 5 manufactur-
ers than among drugs that eventually have 5 or more manufacturers 
[21].
10  Estimates using AMP show price declines associated with addi-
tional generic competition steeper than those based on invoices for 
pharmacy acquisitions, though most of the difference comes from 
wholesaler markups.

11  The PDE contains drug ingredient costs, dispensing fees, and ben-
efit design and payment data that enable CMS to make payments to 
the plans. It does not have prices net of rebates and discounts paid 
to payers. Brand prices may be overstated. For example, in 2014, the 
CMS Office of the Actuary estimates that rebates average 17.5% for 
brand drugs, varying widely across therapeutic classes.
12  The Food and Drug Administration (FDA) Drugs identified each 
drug and reported using a unique, three-segment number called the 
National Drug Code (NDC). FDA publishes the listed NDC numbers 
in the NDC Directory (https://​www.​acces​sdata.​fda.​gov/​scrip​ts/​cder/​
ndc/​index.​cfm) which is updated daily (https://​www.​acces​sdata.​fda.​
gov/​scrip​ts/​cder/​ndc/​index.​cfm).

https://www.accessdata.fda.gov/scripts/cder/ndc/index.cfm
https://www.accessdata.fda.gov/scripts/cder/ndc/index.cfm
https://www.accessdata.fda.gov/scripts/cder/ndc/index.cfm
https://www.accessdata.fda.gov/scripts/cder/ndc/index.cfm
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drug-level, separately for brand and generic as our measure 
of price is the ingredient cost variable on the Part D data

The baseline price of each drug is the average brand price 
of the drug during 6 months prior to the first generic entry.13 
This pre-generic brand price is the baseline against which we 
compare the trajectory of prices by month following the first 
generic entry.14 We exclude biosimilars and orphan drugs, 
which have different market and pricing dynamics than 
typical small molecule drugs, and few orphan drugs have 
lost patent exclusivity to be meaningful for this analysis. 
To allow for cross-year comparison, all prices are inflation-
adjusted to January 2016 prices using the Consumer Price 
Index.
3.2 � Methods

We specify competition using both the number of suppli-
ers as a continuous variable and as a series of dichotomous 
variables. Both fixed effects and random effects are applied 
at the drug level to control for factors across drugs.15 Some 
previous work pointed out that competition was intense 
for a period after a brand’s loss-of-exclusivity (LOE), but 
then could wane over time [13]. This study follows a drug 
24 months as well as 36 months after first generic entry in 
order to see whether the relationship between number of 
suppliers and price would change over time. We also test 
the hypothesis that drugs with more recent LOE might face 
less competition than those earlier by breaking our data into 
two practically equal periods and estimating the compe-
tition-price relationship for drugs with first generic entry 
during 2007–2011 and those with first generic entry during 
2012–2015.16

The main dependent variable is the generic price ratio 
relative to the baseline pre-generic-entry brand price. The 
main independent variable is the number of labelers offering 
the drug for sale. A labeler can be either a manufacturer or a 
marketer of a drug. We also examined the number of corpo-
rations manufacturing a drug (for the analysis, manufacturers 
of authorized generics are considered generic manufacturers 

even if they are the same as the brand manufacturer) as an 
alternative independent variable, and found the results at the 
aggregate to be similar in both time frames, 24 months and 
36 months, after first generic entry.17

The study also controls for expected level of competition 
and market size in various ways: (1) the number of mol-
ecules in a therapeutic group18, (2) market size measured 
by number of beneficiaries instead of dollars19, and (3) the 
predicted number of beneficiaries in the absence of the drug 
going off patent. We also break down the market size into 
three groups based on the number of beneficiaries in the 
pre-patent expiration period –bottom 20th percentile, middle 
60th percentile, and top 20th percentile- and run a separate 
regression for each group.20

We use both random effects and fixed effects at the mol-
ecule-form level to focus on the relationship of competitors 
and prices within each drug while controlling for factors 
across drugs.21 As the two sets of results are not different, 
we report the fixed effects results as fixed effects are more 
restrictive and tend to yield more conservative estimates. 
The regressions are also clustered at the drug-group level 
(such as antidepressants) in order to adjust for potential cor-
relation among drugs within the same drug-group.22

16  This split at 2012 is important given the finding that generic 
churning (entry and exit) generally increases until around 2012 then 
decreases or remains flat thereafter [13].

17  The labeler identifies the manufacturer or distributor of the drug 
product (i.e., Pfizer, Allergan (Mylan), Watson, Teva, etc.)
18  The potential market size for a new generic may depend both on 
the within molecule substitution from brand to generic and cross mol-
ecule substitution within the therapeutic class.
19  We adjust for market size by classifying drugs according to the 
number of beneficiaries treated by the brand drug prior to generic 
entry per month (fewer than 5,000; 5,000 to 15,000; and more than 
15,000 beneficiaries).
20  An important modeling consideration is how to address the 
potential for endogeneity in the relationship between the number of 
competitors and price. That is, a biased estimate of the relationship 
between number of competitors and price might result to the extent 
unobserved or unmeasured factors affect market entry [21]. Previous 
studies have used different techniques to account for potential bias 
including instrumental variables, two stage approaches, fixed effects 
and exploiting the 180-day period of marketing exclusivity created by 
provisions of the Hatch Waxman Act. As described below, we exam-
ine both fixed and random effects as well as accounting for potential 
markets size in order to address this issue.
21  We would argue that the number of competitors is exogenous 
in this study’s construct, hence, a single reduced form equation is 
adequate for two reason. First, the current change in price shouldn’t 
affect the current change in the number of firms in the market since it 
takes several years of preparatory activities before a generic firm can 
enter the market. Therefore, if we exclude “late entrants”, which we 
are doing by limiting the time period to the 2 years or 3 years after 
1st generic entry, we should not have a reverse causality problem 
between prices and number of firms producing the molecule-form.
22  The drug-group is defined based on the GPI2, Generic Product 
Identifier classification level 2. More information are available at: 
https://​www.​wolte​rsklu​wercdi.​com/​drug-​data/​gpi/.

13  Following the FDA’s approach [11] of using the average brand 
price of the drug during 3 months prior to the first generic entry, we 
extend to 6 months to ensure exogeneity of the baseline price given 
that the brand drug manufacturer might vary its price in anticipation 
of imminent generic competition.
14  For sensitivity analyses, we also extend the baseline pre-generic 
brand price from 6 months to 2 years prior to first generic entry. The 
results do not differ significantly.
15  It is often argued that most generic entry decisions can be thought 
of as being exogenous because of the 2-3-year lag between deciding to 
enter and being approved to enter [24, 25]. Most of the time generics 
start the filing process before the patent on the branded drug expires.

https://www.wolterskluwercdi.com/drug-data/gpi/
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We also use both approaches commonly found in the lit-
erature for depicting the number of competitors, n, the main 
independent variable: (1) using n or some variant of it, or 
(2) using a set of binary variables to describe the number 
of competitors.

The first approach estimates the number of competitors, 
nift, on relative prices, pift

Pifu

 , controlling for the size of the 
market, VifuG

t−u
cu

 , with fixed effect for the molecule-form. The 
term VifuG

t−u
cu

 is a proxy for the current size of the market that 
should be unaffected by the current prices, because, by con-
struction, we take the pre-patent expiration volume of sales 
for the drug and apply the pre-patent expiration growth rate 
for the drug class to project what the current market size 
would have been in the absence of changes. Note that the 
(t-u) term is a power so for instance, 3 months after patent 
expiration we cube the growth rate.

where:
i denotes the molecule, f denote the form, and c denote 

the therapeutic class the molecule is in.
t denotes the number of months since the beginning of 

2007 starting with January 2007 having t=1.
u=u(if) is the month before drug i in form f lost its 

exclusivity.
Pifu is the standardized price of the branded drug with 

molecule i and form f in before this drug lost exclusivity.
pift is the standardized price of generics of molecule i in 

form f and month t.
nift is the number of generic manufacturers/ labelers of 

molecule i in form f in month t.
Nct is the number of molecules in therapeutic class c in 

month t.
Viu is the average monthly volume of sales (measured by 

number of beneficiaries) in the 6 months prior to the patent 
expiration

Gcu is the geometric average of rct over the 6 months prior 
to patent expiration, where:

•	 rct = Sct/Sc,t−1 .i.e. rct is the growth in the number of ben-
eficiaries taking a drug from class c in month t relative 
to month t-1

•	 Sct is the total number of beneficiaries taking a drug from 
class c in month t

ϕif is a fixed effect for the molecule-form. This captures all 
the variables that are not time varying such as drug form, 
class, year of patent expiration, pre-patent expiry market 
size, marginal cost as a fraction of price, etc.

(1)
pift

Pifu

= a+�
(

nift
)

+ yNct + �VifuG
t−u
cu

+ �if + �ift,

∀t ∈ (u + 1, u + 24 then u + 36)

The coefficient estimate � in Equation (1) describes the 
marginal impact of an additional competitor on the rela-
tive prices of the drug while controlling for market size, 
VifuG

t−u
cu

, and other fixed effects of the drug, ϕif. In control-
ling for market size, we also break down the market into 
three groups based on the number of beneficiaries in the 
pre-patent expiration period –bottom 20th percentile, middle 
60th percentile, and top 20th percentile- and run a separate 
regression for each group.

The second approach, adapted from Reiffen and Ward 
[24], uses a series of binary variables to capture how many 
generic manufacturers/labelers there are; the excluded cate-
gory is one labeler. In other words, nift is represented by nine 
binary variables, where 1(nift=10) is being used as short-
hand for 1(nift≥10) and where the control is when nift=1.

The interpretation of a is the relative generic price when 
there is one competitor to the branded drug. The other �k are 
the reductions in the relative price from a when there are k 
suppliers. This specification using a series of binary vari-
ables to represent different numbers of entries would allow 
us to estimate a non-linear relationship between number of 
entries and price reductions.

4 � Results

4.1 � Descriptive statistics

Our analysis included 299 drugs, marketed by 199 unique 
labelers, with at least one generic competitor in the 24- then 
36-month follow-up period after first generic entry during 
2007 to 2015 (the entire study period)

Expecting that the number of generic competitors is 
highly correlated to the market size within which they would 
compete—with larger markets drawing more suppliers into 
them—we categorized markets as small, medium, and large, 
by the total number of treated beneficiaries in Medicare Part 
D at the time of initial generic entry into the market. Over 
half of the drugs in our study are in small markets with fewer 
than 5000 beneficiaries treated monthly. Nearly all of the 
markets with ten or more competitors are categorized as 
“large” with more than 15,000 projected users per month.

Table 1 splits the entire study period in half and displays 
the data separated for drugs with first generic entry dur-
ing 2007–2011 and those with first generic entry during 
2012–2015. Two key observations can be made with the 
36-month follow-up period. First, the 299 total number of 

(2)

pift

Pifu

= a +

10
∑

k=2

�k1
(

nift = k
)

+ yNct + �VifuG
t−u
cu

+ �if + �ift,

∀t ∈ (u + 1, u + 24 then u + 36)
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drugs with generic entry during the entire 2007–15 period 
is equally split between those with generic entry dur-
ing 2007–11 (146) versus during 2012–15 (153). Second, 
although entrants in the second period (average number of 
labelers is 4.42) seem to face less competition than those in 
the earlier period (average number of labelers is 5.15), the 
difference is not significant.
4.2 � Results Based on the Entire Study Period: 

Number of Suppliers and Relative Prices 
Following 2 and 3 Years After First Generic Entry

Figure 1 displays the relationship between the number of 
suppliers and relative prices. We use Equation (2) to predict 
relative prices for each corresponding number of suppliers, 
holding all regressors at their mean and setting the fixed 
effects to zero. The plots show that prices continue to decline 
with increasing competition, controlling for market size.

Based on data that follow each generic drug for 2 years after 
first entry, the expected price ratio in markets with approxi-
mately three competitors is 80%, implying a 20% decline in 
prices. In markets of ten or more competitors, the expected 
price ratio is about 30%, implying a 70% decline in prices rela-
tive to the pre-generic entry price (Fig. 1, Panel 1: Following 
2 years after entry).

Extending to 3 years after first entry, the expected price 
ratio declines further. In markets of ten or more competitors, 
the expected price ratio is less than 20%, implying an 80% or 
greater decline in prices relative to the pre-generic entry price 
(Fig. 1, Panel 2: Following 3 years after entry).

4.3 � Results Based on the Entire Study Period: 
Estimated Effect of Competition ‑Measured 
by the Number of Competitors in Equation (1)

The relationship between the number of suppliers and 
generic prices, as characterized in Equation (1) is discussed 
in this section. Table 2 examines the robustness of the impact 
on prices of measuring suppliers by either manufacturers 
or labelers as well as of following a drug for 2 or 3 years 
after generic entry. The results consistently show that lower 
drug prices are associated with more generic competition, 
higher degree of substitutability among the same drug-group 
(e.g., antidepressant) as represented by the negative effects 
on prices of the variable “number of molecules in the same 
drug group”, as well as larger expected market size.

The coefficients of the variable “number of suppliers” 
suggest that each entry would decrease the generic drug’s 
relative price by 6 percentage points (suppliers measured 
by labelers) to 8 percentage points (suppliers measured by 
manufacturers) in 3 years after generic entry.23 The price 
impacts are all statistically significant. These estimated 
impacts suggest that generic prices would be expected to 
be about 50–80% lower than the pre-generic entry branded 
drug price in a market with approximately ten competitors.

Table 1   Competitors Among Study Drugs By Market Size, 3-YR After First Entry During: 2007–11 vs. 2012–15

Source: Analysis of Medicare Part D claims, 2007–2018
Summarize NDC to drug (molecule+form+route) level, select drugs with first generic entry between 2007 and 2015, include the 1st month to 
the 36th month after generic entry, get max count of labelers per drug and average market size (number of beneficiaries) per month

Maximum number of labelers First generic entry during 2005–11 by market size (by 
average number of beneficiaries)

First generic entry during 2012–15 by Market size (by 
average number of beneficiaries)

Small 
(<5000 per 
month)

Medium 
(5000–15,000 
per month)

Large 
(>=15,000 
per month)

Total Small 
(<5000 per 
month)

Medium 
(5000–15,000 
per month)

Large 
(>=15,000 
per month)

Total

1 22 7 1 30 27 3 6 36
2 21 5 2 28 27 3 3 33
3 11 3 6 20 14 2 1 17
4 7 3 5 15 9 2 2 13
5 4 3 0 7 3 6 5 14
6 3 2 2 7 1 2 4 7
7 2 2 0 4 3 1 2 6
8 3 2 0 5 1 1 3 5
9 2 0 4 6 1 1 4 6
10 & 10+ 2 2 20 24 2 2 12 16
Number of Drugs 77 29 40 146 88 23 42 153
Average Number of Label-

ers
3.10 4.03 9.90 5.15 2.75 5.09 7.55 4.42

23  The coefficients of the variable “number of suppliers” suggest that 
each entry would decrease the generic drug’s relative price by 5 per-
centage points (suppliers measured by labelers) to 7 percentage points 
(suppliers measured by manufacturers) in 2 years.
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Since the results of using manufacturers or suppliers 
are qualitatively similar (their coefficients are both nega-
tive and significant) and since using labelers would likely 
yield more conservative estimates, we will be presenting 
the results based on labelers. We will also present results 
based on 3 years after first generic entry since the estimated 
price impact does not differ with following a drug for 2 or 3 
years after first generic entry (e.g., the effect of an additional 
labeler goes from − 0.053 after 2 years to − 0.057 after 3 
years following first generic entry).

In addition to controlling for market size on the right-
hand-side of the regression equation as shown in Table 2, 
we alternatively partition the market into three sizes (bottom 
20th percentile, top 20th percentile, and the middle 60th 
percentile of market size) and run three separate estimates 
for each partition. As the analyses show the impact of com-
petition on prices differs by market size, the study proceeds 
with analyzing each market size separately.

Fig. 1   Predicted relative price of generics by the number of labelers: entry 2007–2015

Table 2   Impact of number of suppliers on generic price: manufacturers vs labelers, follow 2–3 years after entry all drugs controling for expected 
market size

Source: Analysis of Medicare Part D claims, 2007–2018
Regression with molecule-form fixed effects, clustering at drug group (GPI2) level, all drugs with generic entry between 2007 and 2015. Include 
the 1st month to the 24th/36th month after generic entry

Regressor Label Follow the drug 24 months after entry Follow the drug 36 months after entry

Manufacturers Labelers Manufacturers Labelers

Coefficient P value Coefficient P value Coefficient P value Coefficient P value

Number of suppliers (manufactur-
ers/labelers)

N/A − 0.068 0.000 − 0.053 0.000 − 0.075 0.000 − 0.057 0.000

Number of molecules in the same 
drug group

N/A − 0.004 0.034 − 0.004 0.049 − 0.002 0.016 − 0.002 0.026

Proxy for predicted number of 
beneficiaries in the absence of 
the drug going off patent

Number of 
Beneficiaries (in 
millions)

− 1.498 0.093 − 1.119 0.221 − 0.448 0.506 − 0.080 0.905
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4.4 � Results Based on the Entire Study Period: 
Estimated Effect of Competition ‑Measured 
by a Set of Binary Variables for Each Number 
of Competitors in Equation (2)

Equation (2) uses a series of binary variables to represent 
the number generic suppliers with the excluded category 
being one supplier.

Table 3 shows that prices continue to decrease as the 
number of competitors increases [18]. Following 3 years 
after first generic entry, relative prices are about 73% points 
lower in markets with ten or more suppliers relative to mar-
kets with one competitor in the largest market (Table 3). This 
implies that if the generic-to-brand price ratio is 94% when 
there is one generic supplier (1–0.057 based on Table 2 for 
the control group), then the price ratio could be as low as 
20% (0.94–0.725) in the top 20th percentile markets with 
ten or more suppliers.

4.5 � Results Based Comparing the Impact of Entry 
During 2007–11 vs. 2012–15 Periods

In addition to examining the competition-price relationship 
for drugs with generic entry throughout the whole 2007–15 
period, we partition the data into 2 sub-periods, 2007–2011 
and 2012–2015, to investigate whether drugs entering more 
recently could have faced different levels of competition.

The regression results Table 4 confirm that the impact of 
competition on relative prices are similar for generic drugs 
first entering the markets in either 2007–11 or 2012–15. 
Although the magnitude of the estimated impacts tend to 
be lower for the earlier period (implying that firms could 

have more incentives to enter the markets thanks to lower 
expected price reductions due to entry), the 95% confidence 
intervals for the estimates suggest that the estimated price 
impacts are not statistically different in the two periods.

5 � Concluding Remarks

Showing that generic competition is consistently associated 
with lower drug prices, this study has key salient features. 
First, it uses the Medicare Part D drug events (PDE) data 
from 2007 through 2018, examines all generics entering the 
Part D markets during 2007–15 follows the drugs for 24 and 
36 months after entry, and compares impacts of entry during 
the 2007–11 versus 2012–15 periods separately. Secondly, 
the study estimates the impacts with drug fixed effects and 
drug-group clustering in order to focus on the relationship 
of competitors and prices within each drug while controlling 
for factors across drugs and adjusting for correlation among 
similar drugs within a drug-group. Despite these features, 
our estimated impacts are also within the ranges found in 
the literature (see Table 5). We find that prices decline by 
20% in markets with approximately three competitors (the 
expected price ratio of current generic to pre-generic entry 
brand average prices is 80%). In markets of ten competitors, 
prices decline 80% relative to the pre-generic entry price 
(the expected price ratio is about 30% following 2 years after 
entry, dropping to about 20% following 3 years after entry). 
Unlike certain studies suggesting that the marginal price 
reduction diminishes after about four to six entrants, this 

Table 3   Impact of Competition 
(Binaries for Number of 
Labelers) on Generic Price by 
Maket. Follow 3 years after first 
generic entry

Source: Analysis of Medicare Part D claims, 2007–2018
Regression with molecule-form fixed effects, clustering at drug group (GPI2) level, for all drugs with 
generic entry between 2007 and 2015. N=1 supplier is the control group. Market size is based on the pre-
dicted number of patients in the absence of the drug going off patent

Regressor Label Bottom 20 Percentile Middle 60 Percentile Top 20 Percentile

Coefficient P value Coefficient P value Coefficient

Number of Labelers 1 – – – – –
2 − 0.022 0.393 − 0.037 0.015 − 0.048
3 − 0.072 0.004 − 0.074 0.000 − 0.072
4 − 0.138 0.000 − 0.113 0.000 − 0.147
5 − 0.168 0.000 − 0.200 0.000 − 0.221
6 − 0.164 0.000 − 0.244 0.000 − 0.341
7 − 0.283 0.000 − 0.279 0.000 − 0.377
8 − 0.307 0.000 − 0.403 0.000 − 0.536
9 – – − 0.467 0.000 − 0.554
10+ − 0.352 0.000 − 0.581 0.000 − 0.725

Number of molecules in 
the same drug group

− 0.004 0.033 − 0.002 0.098 − 0.006
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study supports findings that prices continue to decline with 
increasing entrants.24

We recognize the following developments in the generic 
drug markets in more recent years as topics for further 
research. First, our data end in 2018. In order to follow a drug 
3 years after first entry, we have to limit to drugs that entered 
the Part D markets ending in 2015. This ending predates a 
large influx of generic drugs in more recent years. In fact, new 
drug launches more than doubled in 2017 from 2016. Forty-
two new active substances (NAS) were launched, with 21 for 
rare diseases and 14 for cancer. Significant shifts in the regu-
latory process are becoming apparent, as 19 drugs received 
a breakthrough designation and 18 included patient-reported 

outcomes as part of their approved label from the FDA [6, 
23].Future research with data that can capture generic entry 
in 2017–18, follow them past 2–3 years in order to capture any 
exit, and measure competition both on the basis of the number 
of suppliers but also of the market share of early entrants for 
each drug would help further our understanding of the impacts 
of entry and exit on pharmaceutical prices.25

Second, the lack of rebates data is a limitation of this 
research. Although rebates data are considered proprietary 
and therefore not available to researchers, without data on 
rebates, the study could not measure the real cost of drugs. 
On the one hand, this implies that the real effects of generic 
competition could be less than the effects measured in this 

Table 4   Impact of competition (binaries for number of labelers) on generic relative price comparing impacts of entry during 2007–12 and 2012–
15 following 3 years after entry

Source: Analysis of Medicare Part D claims, 2007–2018
Regression with molecule-form fixed effects, clustering at drug group (GPI2) level, for all drugs with generic entry between 2007–11, and 
2012–15. N=1 supplier is the control group.

Regressor Label Entry during 2007–11 Entry during 2012–15

Coefficient 95% Conf. Interval Coefficient 95% Conf. 
Interval

Number of Labelers 1 – – – – – –
2 − 0.011 − 0.047 0.026 − 0.064 − 0.094 − 0.033
3 − 0.061 − 0.117 − 0.005 − 0.093 − 0.131 − 0.055
4 − 0.089 − 0.160 − 0.018 − 0.150 − 0.191 − 0.109
5 − 0.183 − 0.272 − 0.093 − 0.227 − 0.279 − 0.176
6 − 0.224 − 0.313 − 0.136 − 0.312 − 0.380 − 0.244
7 − 0.297 − 0.400 − 0.194 − 0.339 − 0.494 − 0.184
8 − 0.406 − 0.511 − 0.301 − 0.504 − 0.599 − 0.410
9 − 0.479 − 0.577 − 0.382 − 0.537 − 0.623 − 0.451
10+ − 0.656 − 0.757 − 0.554 − 0.662 − 0.750 − 0.574

Number of molecules in the same drug group − 0.005 − 0.010 0.000 − 0.002 − 0.003 0.000
Proxy for predicted number of patients in the 

absence of the drug going off patent
Number of Ben-

eficiaries (in 
millions)

− 0.781 − 3.205 1.643 − 1.126 − 2.093 − 0.158

Table 5   XXX

Reference Recent studies Estimated Generic Drug Price Reduction Following Entries of

Number About 3 or 5 sellers 6 to 10 or more sellers

[16] Frank and Salkever (1995) 17 to 35% from 3 to 5 sellers 56 to 72% from 6 to 10 or more
[36] Wiggins and Maness (2004) 83% between 6 or 10 sellers
[25] Reiffen and Ward (2005) About 15% with 3 sellers 30 to 40% with 10 or more
[8] Chintan, Hartzema, and Kesselheim (2017) 40% with 3 sellers 80% with 10 or more
[6] Berndt, Conti, and Murphy (2017) 5
[15] Food and Drug Administration (FDA, 2019) 73 to 79% with 4 sellers 95% with 6–10 or more
This paper Nguyen, Sheingold, Tarazi, Bosworth (2021) 5 80% with 10 or more

24  Wiggins and Maness (2004), for instance, also found continuing 
price decline from a few sellers to more than 40 [36].

25  Future research could also look at the impacts of biosimilars in the 
US, and generics in other high income countries.
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study because the brand prices used in the study were arti-
ficially high. On the other hand, many generic labelers also 
pay rebates to pharmacies and wholesalers, hence mitigating 
the potential overestimating of the effects mentioned above.

In conclusion, the results provide clear evidence to sup-
port policies that promote generic entry. In addition, with the 
results showing that prices continue to decline with increas-
ing number of entrants, efforts to maintain effective provider 
competition are as or even more important for containing 
drug prices in the longer run.
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