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The arrival of the first generic ver-
sion of a brand-name drug to the US 
market is an important moment for 
numerous stakeholders.1 For patients, 
entrance of the first generic heralds a 
time when greater competition will 
lead to lower drug prices, which can 
reduce out-of-pocket drug costs and 
improve medication adherence and 
clinical outcomes.2 Since drug prices 
account for 17% or more of health 
care costs, payors also benefit from 
the initiation of generic competition, 
particularly government payors like 
Medicaid with limited budgets that 
can then be allocated for other uses.3 
Brand-name drug manufacturers 
also develop strategies in advance of 
generic entry to minimize revenue 
loss,4 such as taking steps to delay 
generic entry and introducing new 
products to buoy income and meet 
investor expectations.5

When does generic entry occur? A 
brand-name drug’s market exclusiv-
ity term is primarily determined by 
its patents.6 The patent on a drug’s 
active ingredient is often filed early 
in development, long before clinical 
trials and FDA review begin. Patents 
expire 20 years after filing, but due 
to the development time leading up 
to FDA approval, top-selling brand-
name small-molecule drugs enjoy 
an average of 12-14 years of patent-
protected exclusivity before generic 
entry.7 Still, approximating future 
generic entry is not straightforward.8 
Physicians and patients are often sur-

prised when it eventually does hap-
pen. In one national survey of inter-
nal medicine physicians, about half 
reported that they were often unaware 
of the date when generic versions of 
brand-name medications that they 
commonly prescribed became avail-
able, and one-fifth reported learning 
this information from a brand-name 
drug sales representative.9

In a recent study, we developed 
a methodology for estimating first 
generic entry based on the expiration 
dates of manufacturers’ drug patents 
and two special exclusivity extensions 
made available to drug manufacturers 
under current law: “patent term res-
toration” and pediatric exclusivity.10 
For approved drugs, the 1984 Hatch-
Waxman Act authorized brand-name 
manufacturers to receive patent term 
restoration on one patent equal to the 
length of FDA review plus half the 
time spent in clinical trials, up to a 
maximum of 5 years (but in no event 
more than 14 years from the date of 
approval).11 Starting in 1997, in a 
program later formalized by the Best 
Pharmaceuticals for Children Act of 
2002, manufacturers have been able 
to seek an additional 6 months of 
exclusivity by responding to a written 
request from the FDA to conduct tri-
als in children.12

When we applied this methodol-
ogy to a cohort of 170 top-selling 
older drugs for which generic drugs 
entered in the last decade, we found 
that for innovative drugs (defined as 
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those for which the active ingredient 
was a new chemical entity [NCE], i.e., 
not previously been approved by the 
FDA), generic entry occurred within 
one calendar quarter of the time pre-
dicted by our method more than half 
the time (59%).13 In the majority of 
remaining cases, generic entry was 
delayed due to strategies employed by 
brand-name manufacturers to pre-
vent FDA approval of generic drugs, 
such as the later filing of additional 
patents on other aspects of the prod-
ucts’ formulations or delivery devices 
(also known as “secondary” or “ter-
tiary” patents).14

To extend this previous research, 
we applied our methodology for 
determining the predicted date of 
generic entry to a more recent cohort 
of brand-name drugs to help poli-
cymakers and patients assess when 
potentially wasteful delays might 
be occurring. Using the Drugs@
FDA database,15 we identified all 
NCEs approved between 2000-2012 
that were currently available with 
a prescription and not discontin-
ued or available over-the-counter. 
This timeframe (products approved 
5-17 years ago) was chosen to allow 
enough time for some products’ key 
patents and exclusivities to expire 
while still capturing many instances 
in which generic entry was expected 
in the near future.

To determine whether generic 
entry had already occurred for the 
NCE cohorts approved in 2000-
2012, we first consulted the FDA’s 
Orange Book16 to identify generic 
products with the same active ingre-
dient, route of adminstration, and 
strength. To ensure the generic prod-
ucts had actually entered the mar-
ket, we then verified that the FDA-
approved generic drug had a “start 
marketing date” listed in the National 
Drug Code directory.17 

For all remaining NCEs without 
available generics, the process for key 
patent identification was described 
in more detail previously.18 For the 
identification of a product’s key pat-
ent, we consulted the US Patent and 
Trademark Office’s list of patents 
(and associated products) that were 
granted patent term restoration.19 For 
products without such a patent, we 

used the first-expiring patent listed 
in the Orange Book,20 since previous 
research had shown that these pat-
ents nearly always pertain primarily 
to that product’s active ingredient 
for small molecule drugs21 and since 
active ingredient patents have been 
shown to be particularly effective at 
blocking generic compentition.22

As previously described,23 we also 
considered 5-year NCE exclusiv-
ity, which is available for all NCEs 
that do not have Orange Book-listed 
patents, as well as 7-year exclusivity 
available for new rare disease treat-
ments (i.e., Orphan Drug Act exclu-
sivity [ODE]).24 These exclusivities 
run in parallel with patent protec-
tion and bar the FDA from receiving 
or approving generic drug applica-
tions under most circumstances.25 
Thus, even products with no patent 
protection or patent protection that 
expired prior to FDA approval gener-
ally have a mimimum period without 
competition.

In accordance with our meth-
odology,26 we considered the last-
expiring key patent or exclusivity 
period (NCE or ODE) to be the pri-
mary expiration of interest. We then 
determined whether the product in 
question appeared in the FDA’s list of 
granted pediatric extensions.27 These 
extensions reflect another incentive 
program authorized by Congress to 
encourage testing drugs in children, 
if and when the FDA requests such 
studies in writing. The 6-month peri-
ods are added to the end of patent 
periods and other exclusivities.28

The expected generic entry date 
was determined by applying any 
relevant 6-month extensions to the 
last-expiring key patent or exclu-
sivity expiration date — in other 
words, the time when the initial set 
of government-granted market pro-
tections on the first version of the 
product had expired and when poli-
cymakers should begin to expect that 
generic entry will occur, especially 
in high volume markets that attract 
multiple competitors (even if other 
peripheral protections exist specific 
to certain formulations of the drug 
or specific indications). We report 
here on drugs with expected generic 

entry dates within the next five years 
(2019-2023).

Based on this methodology, Table 
1 provides a list of the calendar quar-
ters when generic entry might be 
expected for 76 brand-name drugs 
approved by the FDA between 2000 
and 2012 and still in widespread use 
as of June 2018. The list does not 
include every new drug approved 
during that period because some 
more recently-approved drugs may 
still have their patent term restora-
tion applications pending. It is also 
subject to subsequent adjustments, 
for example, if written requests for 
pediatric studies occur in the future 
or if other patents with later expira-
tion dates are subsequently added to 
the Orange Book. Table 1 also indi-
cates the year and quarter of the last 
patent expiration in for those drugs 
having other patents listed in the 
Orange Book with expiration dates 
extending beyond the drug’s pat-
ent term restoration period. Finally, 
Table 1 indicates whether the drug 
was approved for treating a rare dis-
ease, which might reduce the likeli-
hood of generic entry immediately 
after patent expiration.29

It should be noted that our meth-
odology was not designed for use 
with biologic drugs, which have 
longer 12-year non-patent exclu-
sivity periods and tend to address 
niche markets with relatively fewer 
patients. Applying our methodol-
ogy to biologic drugs is also more 
challenging because patents cover-
ing those drugs are not required by 
statute to be listed in the Orange 
Book, nor are such patents listed in 
the Purple Book, the analogous FDA 
publication for biologic products — 
a lack of transparency that could be 
remedied by Congress. The economic 
significance of biosimilar entry is also 
less well-understood as compared 
to generic entry of small-molecule 
drugs.30

Despite these limitations, we used 
an innovative methodology to predict 
the date of generic entry for a cohort 
of widely-used brand-name drugs 
approved in the last two decades. 
These data can help patients taking 
chronic disease medications inquire 
regarding generic drug availability at 
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Active ingredient Trade name
Expected quarter of 
generic entry†

Last-expiring Orange 
Book patent (if later 
than expected)

Rare 
disease 
approval

aliskiren Tekturna 2019 Q1 2026 Q1

alogliptin Nesina 2021 Q2 2029 Q2

anidulafungin Eraxis 2020 Q1 2022 Q2

asenapine Saphris 2020 Q4 2026 Q2

bepotastine Bepreve 2019 Q3 2024 Q3

cabazitaxel Jevtana Kit 2021 Q3 2030 Q4

ceftaroline Teflaro 2022 Q2 2031 Q1

cholic acid Cholbam 2022 Q1 X

clevidipine Cleviprex 2021 Q1 2031 Q4

conivaptan Vaprisol 2019 Q4

dabigatran Pradaxa 2021 Q4 2031 Q1

*dasatinib Sprycel 2020 Q2 2026 Q1 X

*deferasirox Exjade 2019 Q2 X

deferiprone Ferriprox 2021 Q2 X

degarelix acetate Firmagon 2021 Q2 2032 Q2

difluprednate Durezol 2019 Q4

eltrombopag olamine Promacta 2023 Q2 2027 Q3 X

elvitegravir, cobicistat, emtricitabine, 
and tenofovir alafenamide Genvoya 2021 Q2 2032 Q3

eribulin mesylate Halaven 2023 Q3

*erlotinib Tarceva 2019 Q2 2020 Q4

eslicarbazepine Aptiom 2021 Q2 2032 Q3

etravirine Intelence 2020 Q4

everolimus Afinitor 2020 Q1 2028 Q3

febuxostat Uloric 2019 Q1 2031 Q3

fingolimod Gilenya 2019 Q1 2027 Q2

icatibant acetate Firazyr 2019 Q3 2019 Q3 X

ingenol mebutate Picato 2020 Q4 2033 Q2

insulin detemir Levemir 2019 Q2 2032 Q3

ixabepilone Ixempra Kit 2021 Q1 2024 Q3

lacosamide Vimpat 2022 Q1

lanreotide Somatuline Depot 2020 Q1 2020 Q1 X

lapatinib Tykerb 2020 Q3 2029 Q3

lenalidomide Revlimid 2019 Q4 2028 Q1 X

liraglutide Victoza 2022 Q3 2032 Q3

lisdexamfetamine dimesylate Vyvanse 2023 Q1 2023 Q2

lomitapide Juxtapid 2020 Q1 2027 Q3 X

luliconazole Luzu 2020 Q1 2034 Q2

lurasidone Latuda 2019 Q1 2031 Q2

maraviroc Selzentry 2021 Q3 2022 Q4

Table 1
Approximate expected generic entry times for 76 new drugs approved since 2000

Continued on page 180
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*As of July 2018, the FDA had approved a generic application for this drug; however, no code was available for that product in the National Drug Code Registry, 
implying that marketing for that generic product has not yet begun.
† Prediction based on Beall-Darrow-Kesselheim model described in Reference 10.

Continued from page 179

Active ingredient Trade name
Expected quarter of 
generic entry†

Last-expiring Orange 
Book patent (if later 
than expected)

Rare 
disease 
approval

micafungin Mycamine 2019 Q1 2021 Q1

mirabegron Myrbetriq 2022 Q1 2023 Q4

*nebivolol Bystolic 2021 Q4

netupitant and palonosetron Akynzeo 2019 Q4 2031 Q3

nilotinib hcl mononitrate Tasigna 2023 Q3 2032 Q2 X

omacetaxine Synribo 2019 Q4 2026 Q4 X

oritavancin diphosphate Orbactiv 2020 Q4 2035 Q3

pazopanib hcl Votrient 2023 Q4

*pitavastatin Livalo 2021 Q1 2024 Q1

posaconazole Noxafil 2019 Q3 2022 Q2

pralatrexate Folotyn 2022 Q3 2025 Q2 X

pramlintide acetate Symlin 2019 Q1

raltegravir potassium Isentress 2023 Q2 2030 Q4

*ramelteon Rozerem 2019 Q3

regorafenib Stivarga 2022 Q2 2031 Q2

retapamulin Altabax 2021 Q2 2027 Q1

roflumilast Daliresp 2020 Q1 2024 Q1

rotigotine Neupro 2021 Q1 2027 Q3

*rufinamide Banzel 2023 Q2 X

saxagliptin Onglyza 2023 Q3 2028 Q4

sinecatechins or kunecatechins Veregen 2021 Q1 2026 Q4

*sodium oxybate Xyrem 2019 Q4 2033 Q1 X

*solifenacin Vesicare 2019 Q2

sorafenib tosylate Nexavar 2020 Q1 2028 Q3 X

spinosad Natroba 2023 Q1 2023 Q3

sunitinib Sutent 2021 Q1

tafluprost Zioptan 2022 Q4 2022 Q4

tasimelteon Hetlioz 2021 Q1 2034 Q2 X

teduglutide Gattex 2020 Q2 2025 Q4 X

telavancin Vibativ 2023 Q3 2027 Q1

temsirolimus Torisel 2019 Q3 2032 Q2 X

tesamorelin acetate Egrifta 2020 Q2 2023 Q3

tipranavir Aptivus 2019 Q4

tolvaptan Samsca 2020 Q2 2026 Q3

vandetanib Caprelsa 2022 Q2 2028 Q3 X

varenicline tartrate Chantix 2020 Q2 2022 Q3

vilazodone Viibryd 2019 Q3 2022 Q2
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the earliest opportunity. Physicians 
can apply their expertise to identify 
therapeutically equivalent alterna-
tives that may become generically 
available sooner, thereby using these 
data to plan future drug treatment 
options with their patients. Finally, 
the data can help payors and phar-
macy benefit managers avoid enter-
ing into unfavorable contractual 
arrangements for slightly modified 
new versions of products shortly 
before low-cost generic versions of 
the older product become available. 

Approximating future generic 
entry is also important because it can 
provide a signal that something may 
be amiss when generic entry does 
not happen in the quarter expected. 
When generic entry is later than 
anticipated, it may be because the 
manufacturer has engaged in “life-
cycle management,” such as attempt-
ing to switch the market to a higher-
priced and newly patented version 
that contains the same active ingre-
dient but offers a different formula-
tion, dose, or route of delivery.31 Our 
model will be most reliable when the 
drug’s last patent to expire was also 
the one that received patent term res-
toration, but later-issued patents on 
peripheral features of the drug or its 
uses may also be listed with the FDA. 
These or the patent term-extended 
patents may be the subject of legal 
challenges under the Hatch-Waxman 
Act, initiating a 30-month stay that 
can extend the 5-year NCE exclusiv-
ity period to up to 7.5 years, unless 
the litigation ends first. When generic 
entry is delayed beyond the date pre-
dicted using our method, it can also 
mean that a brand-name manufac-
turer has used other tactics to delay 
generic entry, such as by restrict-
ing generic manufacturers’ access to 
samples needed to conduct testing 
for FDA approval. In these cases, 
intervention by antitrust authorities 
may be needed.32

When generic drugs enter around 
the time of key patent expiration it is 
often because challenges from generic 
manufacturers have invalidated any 
additional patents. However, generic 
manufacturers may also settle these 
lawsuits with brand-name manufac-
turers, leaving secondary patents in 

place.33 If generic entry occurs after 
the original predicted date in Table 
1, it can signal that such agreements 
might have happened. Public inter-
est groups and large payors such as 
Medicare and Medicaid should rou-
tinely review such patents to ensure 
that they were properly granted, 
challenging them when necessary via 

the US Patent and Trademark Office’s 
administrative review process, or else 
they may delay generic entry.34 

Of course, lack of generic competi-
tion does not always relate to patents 
or anticompetitive behavior,35 and we 
are currently conducting additional 
research to identify factors that pre-
dict early or late generic appearance. 
For example, our methodology will 
be most accurate when generic man-
ufacturers are incentivized to enter a 
market as soon as possible, such as 
when a drug is a top-seller and not 
a complex molecule. If generic entry 
does not happen within the pre-
dicted time frame and prices remain 
elevated even after patents and exclu-
sivities have expired, the US govern-
ment might authorize importation 
of generic drugs from other coun-
tries, invest in purchasing contracts 
with lower-cost suppliers willing to 
undergo the generic drug approval 
process, or engage in generic drug 
manufacturing itself to ensure reli-
able supplies and reasonable prices.

As the US health care system works 
to contain costs and improve patient 
outcomes, it is essential to ensure 
the efficient transition from brand-
name to generic drugs at the end of 
market exclusivity periods. A publicly 
available, continually updated list of 

brand-name drugs and their expected 
generic entry dates can help that pro-
cess for policymakers who are evalu-
ating the extent to which the current 
system is bringing exclusivity periods 
to a close after the expiration of gov-
ernment programs that extend com-
petition-free periods and also work to 
provide some clarity to patients, phy-

sicians, and payors about how much 
they should expect drugs to cost.
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