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ABSTRACT

BACKGROUND: After new prescription drugs reach the market, manufactur-
ers sometimes create modified versions of them. These new formulations
can expand patient treatment options, but they may also be protected by
later-expiring patents or data exclusivities, which can lead to later generic
entry for the new formulations compared with the original product.

OBJECTIVE: To quantify how frequently manufacturers introduce new
formulations of existing drugs and how often these new formulations earn
additional years of market exclusivity beyond that of the original product.

METHODS: Using a cohort design and FDA databases, we assessed how
frequently manufacturers introduced new formulations of 17 new small-
molecule drugs approved in 2002 and when generic entry for the new for-
mulations and original product occurred.

RESULTS: Through 2017, nine (53%) drugs approved in 2002 had been con-
nected to 21 new formulations, most (11/21, 53%) introduced before 2007.
Generic entry was observed in 6 of 9 (67%) cases and occurred more than
2 years later for the new formulations in 3 of the cases.

CONCLUSIONS: Our results suggest that the introduction of new formula-
tions of brand-name drugs occurs in about half of cases and sometimes
provides manufacturers with a lengthy period of additional market exclusiv-
ity beyond that of the original product.
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What is already known about this subject

* Manufacturers sometimes introduce different versions of previ-
ously approved drugs.

* Previous studies have described specific cases in which manufac-
turers have gained additional years of market exclusivity beyond
that of the original product through such action.

What this study adds

* This systematic investigation found that manufacturers introduce
new formulations of small-molecule drugs in about half of cases.

+ Among half of cases in which a new formulation was introduced
and generic entry occurred, manufacturers gained more than
2 years of additional market exclusivity relative to the original
product.
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fied versions of their approved drugs, such as new

strengths, dosage forms, and routes of delivery. Some of
these products meaningfully expand patient treatment options.
For example, United Therapeutics introduced the pulmonary
arterial hypertension treatment treprostinil as an intravenous
infusion (Remodulin) in 2002, as an inhaled formulation
(Tyvaso) in 2009, and as an oral tablet (Orenitram) in 2013,
providing other routes of administration that may be more
convenient for certain patients.

However, other cases of brand-name product modification
have come under scrutiny for offering no clear therapeutic
advantages.'” Facing loss of exclusivity on its 67 mg, 134 mg,
and 200 mg capsule versions of the lipid-lowering drug fenofi-
brate (Tricor), Abbott introduced 54 mg, 160 mg, and 200 mg
tablet formulations of the drug in 2001. These new formula-
tions “had no demonstrated incremental benefit on surrogate
or patient outcomes” but generated more than $9 million in
sales for the company over the next 8 years.!

This latter set of activities is one type of “product hopping”
and can help manufacturers prolong revenue streams relating
to the underlying active ingredients of drugs.*® New formula-
tions of products may be protected by patents, and all receive
a 3-year “new clinical investigation” regulatory exclusivity
by the Hatch-Waxman Act, which prevents generic versions
of the product from being approved by the U.S. Food and
Drug Administration (FDA).” Complementary business strate-
gies, such as product discontinuation, can augment the effect
of product hopping. For example, in 2015, the brand-name
manufacturer of memantine (Namenda), an Alzheimer’s dis-
ease treatment, introduced an extended-release formulation
(Namenda XR) and tried to discontinue the original version
a few months before generic versions of it would have been
available. This “hard switch” would have forced patients who
had been taking brand-name memantine onto brand-name,
extended-release memantine but was averted by a lawsuit filed
by the New York Attorney General.®

While previous studies have described specific cases of
product hopping,”"® none have systematically examined its
prevalence. In this study, we sought to assess how often manu-
facturers introduce new formulations of approved products and
when generic entry for those new formulations occurs.

Brand—name drug manufacturers sometimes create modi-

I Methods

Study Design and Cohort Selection

Using Drugs@FDA, a publicly available online database, we
retrospectively traced modified versions (new formulation
products) of new small-molecule drugs first approved in 2002
(reference products) that manufacturers introduced over the
following 15 years. The year 2002 was chosen to account for
the average market exclusivity for new drugs: between 12 and
14 years."*® We chose not to study biologic drugs approved
that year because biologic drugs only recently faced the
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prospect of biosimilar competition and because the dynamics
of such competition are substantially different than those of
generic competition.”” This study did not involve human sub-
jects research and was thus exempt from institutional review
board review.

Identification of New Formulation Products, Indications,
Generic Entry, and Product Discontinuations
Using archived (2002-2016) and current versions of the
“Approved Drug Products with Therapeutic Equivalence
Evaluations,” commonly known as the Orange Book (2017)—a
publication containing descriptive information on all FDA-
approved drugs, including their active ingredient, strength,
dosage form, route of administration, approval date, marketing
status, manufacturer, and exclusivities—we extracted brand-
name products with the same active ingredients and manufac-
turer as a reference product but with later approval dates and
different strengths, dosage forms, co-formulations, or routes of
administration.'®! We defined each reference product and its
new formulation products as a product portfolio and extracted
the date of generic entry for these products from Drugs@FDA.
For discontinued products, we isolated the year of discon-
tinuation based on the year it first appeared in the Orange
Book’s discontinuations table. When generic manufacturers
seek to market versions of brand-name drugs that have been
discontinued, they must petition the FDA to confirm that
the product’s discontinuation was a voluntary business deci-
sion and was not done for safety or efficacy reasons. The FDA
indicates its finding that a drug was voluntarily discontinued
in the Federal Register, which served as another data source for
our investigation.

Regulatory and Patent Exclusivities

We also extracted from the Orange Book the expiration dates
of applicable market regulatory exclusivities granted by the
FDA.*® Upon approval by the FDA, new drugs receive a 5-year
new chemical entity (NCE) regulatory exclusivity, which—TIike
the 3-year new formulation regulatory exclusivity—prevents
generic versions of the product from entering the market. In
addition, drugs approved for the treatment of rare diseases are
eligible for a 7-year orphan drug regulatory exclusivity that
bars the FDA from approving generic applications for the same
indication.

For identification of key patents, we searched the U.S.
Patent and Trade Office’s database for products that were
granted patent term restoration,?! an extension offered to drug
manufacturers to account for patent time lost during clinical
testing and FDA review (up to 5 years). Companies typically
choose to apply patent term restoration to the key patent
covering the active ingredient, since this is often the first pat-
ent on the product and the most effective at blocking generic
competition.**** To obtain the expiration date of this patent, we
consulted the Orange Book. If patent term restoration was not
found, we used the earliest patent listed in the Orange Book.**

Analysis

We reported descriptive statistics on the number and type (new
strength, dosage form, route of administration, or co-formulation)
of new formulation products that entered the market. We further
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reported the timing of new formulation product entry relative to
the expiration of regulatory exclusivity and the key patent.

To measure market exclusivity periods within and across
the product portfolios, we coded new formulation products by
the order in which they were introduced to a portfolio (e.g.,
first, second, and third) and tabulated the number of years
between FDA approval and generic entry for each reference
and new formulation product until the end of the observation
period. Mean and median times were reported.

Finally, to examine relationships between generic entry and
the introduction (and discontinuation, if any) of new formula-
tion products relative to the expiration of their exclusivities, we
created lineage maps for each product portfolio that charted
when reference and new formulation products were introduced
(and discontinued, where relevant), when underlying key
exclusivities expired, and when each product in the portfolio
experienced generic entry.

I Results

Seventeen new drugs that were approved in 2002 met our
inclusion criteria. They were indicated for a range of condi-
tions, including central nervous system (n=4) and cardiovas-
cular (n=3) diseases. By 2017, nine (53%) had experienced
generic competition. Among the 17 reference products, 9 (53%)
were linked to 21 new formulation products (Table 1), an aver-
age of 14 (median=1, interquartile range [IQR]=0-2) new
formulation products per reference product. These 21 new
formulation products included new dosage forms (3, 15%),
strengths (5, 24%), co-formulations (5, 24%), or combinations
of these modifications (8, 40%).

Introduction of New Formulation Products

Eleven (52%) new formulation products were introduced
during the first 5 years of the study period (i.e., during the
NCE exclusivity period), 3 (14%) over the following 5 years,
and 7 (33%) in the final 5 years of the study period. With
1 exception (sodium oxybate), the key patent for each reference
product expired during the study period, an average of 11.7
years (median=12 4, IQR=10.8-14.5) after FDA approval. New
formulation products of 2 reference products—aripiprazole
and treprostinil—were approved less than 2 years before key
patent expiration. All other new formulation products were
introduced more than 2 years before key patent expiration.

Generic Entry

Generic entry for the reference products (n=17) occurred
an average of 12.2 years (median=14.5, IQR=9.4-14.7) after
their approval. By contrast, generic entry for first new for-
mulation products (n=9) occurred an average of 8.8 years
(median=10.0, IQR=5.6-12.8) after their approval; for sec-
ond new formulation products (n=7) an average of 6.5 years
(median=8.9, IQR=3.8-9.3) after their approval; and for
third new formulation products (n=3) an average of 6.0 years
(median=6.3, IQR=3.5-8.6; Figure 1). The remaining new
formulation products were aripiprazole’s fourth and fifth set of
new formulation products, which had accumulated 4.4 and 2.8
years of exclusivity by the end of the study period. The aver-
age market exclusivity garnered by new formulation products
beyond the time of generic entry for their respective reference
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m Reference and New Formulation Products in Cohort, Listed by Product Portfolio

New Drug Formulations and Their Respective Generic Entry Dates

Date of First

Drug Original Product Change Product Key Patent | Generic
Portfolio Indication? Product Category| Approval Category Characteristics Discontinued | Expiration Entry
Aripiprazole | Schizophrenia Reference 11/15/2002 N/A Tablet 04/20/2015 | 04/28/2015
(Abilify) i
Y New formulation |}, )04 | New dosage form, |} 5o 1 pom 2015 08/14/2015
#1 strength
New formulation Tablet, orally 2008b
ot 06/07/2006 | New dosage form disintegrating 20160 04/28/2015
. Injectable,
New fo;gmla“‘m 09/20/2006 Ng}i"iﬁfjﬂ“ﬁ?’ intramuscular, 2016 None
> SHEns 9.75 mg/1.3 ml
. Suspension, extended
New formulation 02/28/2013 New dosage form, release, 300 mg/vial, None
#4 strength .
400 mg/vial
New formulation Suspension, extended
#5 09/29/2014 New strength release, 300 mg, None
400 mg
Atomoxetine | Attention-deficit/ Reference 11/26/2002 N/A Capsule 05/26/2017 | 09/17/2010
(Strattera) hyperactivity dis-| New formulation Capsule, 80 mg,
order #] 02/14/2005 New strength 100 mg 09/17/2010
Ezetimibe Hypercholes- Reference 10/25/2002 N/A Tablet 04/25/2017 | 06/26/2015
Zetia terolemia i i i
(zetia) New formulation | 57532004 | New co-formulation| ~ COmbined with 04/26/2017
#1 simvastatin
New formulation | 5/03/5013 | New co-formulation| ~ Combined with 2017b 04/26/2017
#2 atorvastatin
Nitazoxanide | Parasitic Reference 11/22/2002 N/A Suspension 09/08/2014 None
(Alinia) infections i
New fo;nlnulanon 07/21/2004 | New dosage form Tablet None
Nitisinone Hereditary Reference 01/18/2002 N/A Capsule 04/09/2008 None
(Orfadin) tyrosinemia New formulation New dosage form Suspension
type 1 #1 04/22/2016 strength 4 mg/ml None
New fOanlula[IOH 06/13/2016 New strength Capsule, 20 mg None
Olmesartan | Hypertension Reference 04/25/2002 N/A Tablet 10/25/2016 | 10/26/2016
(Benicar) i i i
New formulation | /55003 |New co-formulation| | _{OmPined with 10/26/2016
#1 hydrochlorothiazide
New formulation | 16,6/2007 |New co-formulation| ~ COmPined with 10/26/2016
#2 amlodipine
New formulation Combined with
3 07/23/2010 |New co-formulation amlodipine and 10/26/2016
hydrochlorothiazide
Oxaliplatin | Colon cancer Reference 08/09/2002 N/A Injectable, IV 2006 02/09/2017 | 08/07/2009
(Eloxatin) New formulation New dosage form, | TInjectable, 50 mg/
#1 01/31/2005 strength 10 mg, 100 mg/20 ml 08/07/2009
New formulation Injectable, b
“H 11/17/2006 New strength 200 mg/40 ml 2016 07/06/2016
Treprostinil | Hypertension Reference 05/21/2002 N/A Injectable, IV 10/06/2014 None
Remodulin i ion, i i
( ) New formulation 07/30/2009 New dosage form, | Solution, inhalation, None
#1 route, strength 0.6 mg/ml
. Tablet, extended release,
New formulation 12/20/2013 New dosage form, 0.125 mg base, None
#2 strength
0.25 mg base
New fo;rglulauon 10/07/2016 New strength Tablet, 5 mg base None
Voriconazole | Fungal infections Reference 05/24/2002 N/A Tablet 05/24/2016 | 04/22/2010
(Vfend) i
New fo;r’lnula“on 05/24/2002 | New dosage form Injectable, IV 05/30/2012
New fo;‘;ula“on 12/19/2003 | New dosage form Suspension 05/28/2013
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Reference and New Formulation Products in Cohort, Listed by Product Portfolio (continued)

Date of First
Drug Original Product Change Product Key Patent | Generic
Portfolio Indication? Product Category | Approval Category Characteristics Discontinued | Expiration Entry
Portfolios without a new formulation product introduced during the study period
Adefovir Hepatitis B Reference | 09/20/2002 N/A Tablet 09/02/2014 | 08/29/2013
(Hepsera)
Eletriptan | Migraines Reference | 12/26/2002 N/A Tablet 12/26/2016 | 06/16/2017
(Relpax)
gr::;:::)one Hypertension Reference | 09/27/2002 N/A Tablet 02/11/2008 | 07/30/2008
Fulvestrant | Breast cancer Reference | 04/25/2002 N/A  Injectable, 12/11/2007|  None
(Faslodex) intramuscular
Icodextrin | Renal disease Reference | 12/20/2002 N/A __ Solution, 08/09/2009|  None
(Extraneal) intraperitoneal
Perflexane; | Injectable
dimyristoyl | suspension
lecithin used for Reference | 05/31/2002 N/A Injectable, 2005 06/17/2014 |  None
(Imagent) echocardiograms intravenous
Sodium Cataplexy in
oxybate narcolepsy Reference 07/17/2002 N/A Solution 07/04/2020 | 01/17/2017
(Xyrem) patients
Tegaserod Irritable bowel
maleate syndrome Reference 07/24/2002 N/A Tablet 2007 04/26/2013 None
(Zelnorm)

aAll 21 new formulation products included the original indication approved in 2002.

bAccording to notices in the Orange Book and Federal Register, these brand products were voluntarily withdrawn before a generic company entered the market. For
aripiprazole (Abilify), select strengths were withdrawn in different years before generic entry for those equivalents.

IV =intravenous; N/A=not applicable.

products overall (including those that garnered no additional
time) was 1.2 years (median=0, IQR=0-2.1).

Product Lineage Maps

Of the 9 product portfolios that included new formulation
products, 6 experienced generic entry for the reference product
during the study period. For 3 portfolios (atomoxetine, ezeti-
mibe, and olmesartan), generic entry for all new formulation
products occurred at approximately the same time as their
respective reference products (see Figure 2, Panel A).

By contrast, the timing of generic entry was staggered for
the other 3 drug portfolios (aripiprazole, oxaliplatin, and
voriconazole), with generic entry occurring later for the new
formulation products than for the reference products (Figure 2,
Panel B). For aripiprazole, generic versions of the initial oral
formulation entered the market in 2015, but generic versions
of the injectable formulations were not yet available by the end
of the study period. For the initial lower-dose formulation of
oxaliplatin, generic versions became available in 2009, before
the expiration of the key patent in 2017, while a generic version
of the high-dose formulation became available 6.8 years later in
2016. For voriconazole, generic versions of the initial oral tablet
formulation became available in 2010, before the expiration of
the key patent in 2016, while generic versions of the injectable
and oral suspension formulations became available as generics
2.1 years and 3.1 years later in 2012 and 2013, respectively.
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Discontinuations

Three reference (18%) and 5 new formulation (24%) products
were discontinued during the 15-year observation period
(Table 1). These discontinuations all occurred before generic
entry and less than 2 years before expiration of the reference
product’s exclusivity (Figure 2). In 6 cases, generic manufactur-
ers then petitioned the FDA to confirm that the withdrawals
were voluntary and later gained approval to introduce their
versions to the market. Four discontinuations (ezetimibe,
oxaliplatin, and 2 new formulations of aripiprazole) occurred
less than 2 years before generic entry. One such discontinua-
tion was oxaliplatin’s reference product, which left a period of
approximately 1.7 years in which only new formulation prod-
ucts were available to patients and prescribers.

W Discussion
Manufacturers of about half of the new small-molecule drugs
approved in 2002 introduced new formulation products onto
the market, usually within 5 years of reference product launch.
In half of the multiproduct portfolios in which generic entry
was observed, it occurred simultaneously across all products.
For the other half, generic versions of reference products were
approved before generic versions of new formulation products.
Other studies have reviewed patterns of incremental phar-
maceutical innovation.”>* Our findings complement these
works by providing additional insights into the practice of
small-molecule drug modification. New formulations tend to
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Average Exclusivity Periods for Reference and New Formulation Products as of 2017

Time in Years

0 2 4 6 8 10 12 14 16
1 | | | | | | |
New formulation #1 3.6 8.8 2.6
©
>
e
& New formulation #2 7.3 6.5 1.2
<
o
2
0O New formulation #3 8.8 6.0 K]
H
4
New formulation #4 10.3 4.4
New formulation #5 Fm
T T T T T T T T
2002 2004 2006 2008 2010 2012 2014 2016 2018
Years

‘ M Time until approval M Exclusivity period M Generic competition ‘

Notes: New formulation products were added progressively over time. The new formulations were approved an average of 3.6 years (median=2.1, IQR=1.7-2.5),

7.3 years (median=2.1, IQR=1.7-2.5), 5.1 years (median=5.4, IQR=3.9-11.1), and 8.8 years after the reference products, respectively, depending on whether they were
first, second, or third new formulation products. The average market exclusivity periods declined from 12.2 years (median=14.5, IQR=9.4-14.7) for reference products
to 8.8 years (median=10.0, IQR=0.6-12.8) for first new formulation products (9/17, 53%); 6.5 years (median=38.9; IQR=3.8-9.3) for second new formulation products

(7/17, 41%); and 6.0 years (median=6.3, IQR=3.5-8.6) for third new formulation products (3/17, 18%). The average additional market exclusivity garnered by new

formulation products was 1.2 years (median=0.0, IQR=0.0-1.9).
IQR =interquartile range.

be introduced shortly after approval, suggesting that they may
be used to provide greater choices to patients seeking to take
the drugs and to open treatment to patients unable to use the
original formulation. Since the immediate postapproval period
is when manufacturers can charge high prices and may have
the least amount of competition, it makes economic sense to
expand the population of patients eligible to take a drug as
widely as possible by introducing new formulations. In this
respect, our finding that new versions were developed for
about half of the drugs in our cohort gives the impression that
current market opportunities lead some manufacturers to be
active in continuously improving their products, which may
add value and convenience for patients.

New formulations can also help provide manufacturers with
additional years of market exclusivity beyond when generic
entry occurs for the reference product. This happened in a
minority of cases and allowed the manufacturer to continue to
exclusively sell a brand-name version of the new formulation
after a generic version of the original had entered the market.
For example, while the FDA approved a generic version of the
original tablet formulation of aripiprazole in 2015, Otsuka

222 Journal of Managed Care & Specialty Pharmacy jMCP February 2019

maintained monopoly over the brand-name injectable for-
mulation of the drug as of 2017, which requires less frequent
administration and may be preferable to some patients with
schizophrenia.

Numerous product lines in our sample were the subject of
voluntary product discontinuations.?®*" The practice of intro-
ducing new versions of products and later discontinuing some
of them during the exclusivity period can be disruptive to care.
In 3 cases in our study, voluntary withdrawals occurred as
generic entry loomed—a possible signal that the brand-name
manufacturer was attempting to forestall generic entry through
product hopping. For example, the voluntary discontinuation
of the initial formulation of oxaliplatin forced patients and pre-
scribers to switch to new formulations protected by later expir-
ing patents and may have resulted in longer market exclusivity
had a patent challenge not been successful. Such discontinua-
tions should accordingly prompt scrutiny by the Federal Trade
Commission, the federal regulatory agency that investigates
unfair business practices. Congress could also consider pass-
ing legislation allowing generic entry to occur immediately
after a manufacturer ends production on an FDA-approved
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Product Lineage Maps for Product Portfolios that Experienced Generic Entry

Panel A. Product Portfolios that Experienced Simultaneous Generic Entry?

Year Atomoxetine Ezetimibe Olmesartan Year
2002 2002
#1-NC
2004 #1-NS #1-NC 2004
2006 2006
2008 2008
2010 2010
2012 2012
2014 2014
2016 : 2016
2018 ¥ % 2018
Panel B. Product Portfolios that Experienced Staggered Generic Entry®
Year Aripiprazole Oxaliplatin Voriconazole Year
2002 #1-NDF 2002
#2-NDF
#1-NDF
2004 _ #1-Multiple 2004
#2-Multiple
2006 #3-Multiple #2-NS 2006
e S
2008 I!I } 2008
2010 : I:I 2010
2012 #4-Multiple l.‘IJ:I 2012
2014 a #5-NS K e 2014
2016 : iR . 2016
2018 : Y : "¢ 2018
v 1 \AA vy 1
= Brand product on market® O New reference product NC - New co-formulation®
*es==++® Brand product on market, generic available’ @ New formulation product NDF - New dosage form'
NCE exclusivity expires O . . . "
Orphan exclusivity expires Brand product discontinued NS - New strength
== Key patent expires O Generic entry Multiple - NC, NDF, and/or NS

Notes: This figure shows the product lineage maps for the 6 product portfolios that experienced generic entry during the study period. The reference products are shown
dia{fonally as trunks with each new formulation branching r?i;’ectly ownward. The yellow brackets indicate the difference between the timing of generic entry on reference
and new formulation products. The red bracket indicates the time in which the only version of the drug available was a new formulation product.

aln this panel, the timing of generic entry was simultaneous across the entire portfolio in the cases of atomoxetine, ezetimibe, and olmesartan. No additional exclusivity
time was garnered via new formulation products.

bIn this panel, generic entry was staggered by formulation in the cases of aripiprazole, oxaliplatin, and voriconazole.

cSolid lines indicate time segments in which brand-name products had exclusivity.

dNew co-formulations are new combinations of the reference drug with another active ingredient.

cDotted lines indicate where a generic therapeutic equivalent of the brand name was available.

JA new dosage form is a change in the route of administration and/or its formulation (e.g., extended-release version).

8Discontinuations are indicated by octagons in the line. Note that aripiprazole’s second-level new formulation product had 4 strengths that were discontinued in 2 stages—
the 20 mg and 30 mg strengths were discontinued in 2008, and the 10 mg and 15 mg strengths were discontinued in 2016. Generic entry for the latter strengths occurred
in 2015 and 2017, respectively.

hA new strength is strength not previously available (e.g., a double-strength version).
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brand-name version of a drug for nonsafety reasons, regardless
whether a patent or regulatory exclusivity exists.

Limitations

In this investigation, we did not evaluate the comparative utility
of the products. Further, our study was restricted to a single year
of drug approvals and 15 years of follow-up time. It is possible
that new formulations of the reference products in our sample
will appear on the market in the future. Finally, our study did
not control for market size. Generic manufacturers are more
likely to challenge patents for more lucrative drugs, which can
influence the timing of generic entry.*®

I Conclusions

We looked retrospectively at the market evolution of new
formulations arising from a set of novel drugs. The patterns
we found indicate that a considerable subset of these drugs
were developed into new formulations, with the prospect of
patient benefit, as well as prolonged consumption of costly
brand-name products. If replicated in other cohorts of drug
approvals, these results could help spur policymakers to reex-
amine these practices and install guardrails to ensure that suf-
ficient incentives exist for reasonable formulation innovation,
as well as timely entry of low-cost generic drugs.
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