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Abstract Imatinib is an oral tyrosine kinase inhibitor and
considered to be the most successful targeted anti-cancer
agent yet developed given its substantial efficacy in treating
chronic myeloid leukemia (CML) and other malignant dis-
eases. In the USA and the European Union (EU), Novartis’
composition of matter patent on imatinib will expire in 2016.
The potential impact on health system spending levels for
CML after generic imatinib becomes available is the subject
of significant interest among stakeholders. The extent of the
potential savings largely depends on whether and to what
extent prices decline and use stays the same or even increases.
These are also empirical questions since the likely spending
implications following generic imatinib’s availability are
predicated on multiple factors: physicians’ willingness to pre-
scribe generic imatinib, molecule characteristics, and health
system priorities. This article discusses each of these issues
in turn. We then review their implications for the development
of country-specific cost-effectiveness models to predict the
implications for cost and quality of care from generic imatinib.
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Will the arrival of generic imatinib revolutionize
the economics of treating chronic myeloid leukemia?

Imatinib (Gleevec, Novartis) is a tyrosine kinase inhibitor
(TKI). It is considered to be the most successful targeted
anti-cancer agent ever developed given its substantial efficacy
in treating chronic myeloid leukemia (CML). Imatinib was
first used to treat CML in 1998 and has been shown to produce
a high cumulative incidence of complete cytogenetic re-
sponses (Table 1). Imatinib is also associated with improved
survival, with the latest results from the 8-year follow-up of
the International Randomized Study of Interferon versus
STI571 (imatinib) [the IRIS trial] showing an overall survival
of 85 % (Table 1). However, it has not been proven that ima-
tinib cures CML. As a consequence, an ever-expanding cohort
of CML patients are currently recommended to take this oral
daily medication life-long. In 2013, Novartis’ worldwide rev-
enue from imatinib amounted to nearly $4.7 billion, $1.7 bil-
lion from the USA alone [9]. Treatment for CML with ima-
tinib currently commands a list price of $90,000 per year per
patient in the USA.

In the past decade, additional TKI-based treatment options
for newly diagnosed chronic phase CML patients have be-
come available. Four new TKIs have been introduced
(nilotinib (Tasigna), dasatinib (Sprycel), bosutinib (Bosulif),
and ponatinib (Iclusig)). Three (nilotinib, dasatinib, and
bosutinib) have been individually compared prospectively
with imatinib in newly diagnosed chronic phase CML pa-
tients. The newer TKI agents all produced more rapid re-
sponses than imatinib at the standard dose of 400 mg/day.
They also launched with a higher list price than that of ima-
tinib. Currently, the USA and European Union (EU) treatment
guidelines recommend imatinib, dasatinib, or nilotinib for the
initial treatment of chronic phase CML [10].

In the USA, Novartis’ composition of matter patent on
imatinib was scheduled to expire in the first quarter of 2015.
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However, an agreement between Novartis and Sun Pharma-
ceutical Industries Ltd, the first to file generic manufacturer,
has effectively shifted generic entry to the first quarter of
2016. In the EU, Novartis’ patent on imatinib runs out in
2016.

The potential impact on health system spending levels for
CML after generic imatinib becomes available is the subject of
significant interest among stakeholders in the USA and EU
[11]. The extent of the potential savings largely depends on
whether and to what extent price declines and the use stays the
same or even increases. These are also empirical questions
since the likely spending implications of generic imatinib’s
availability in the USA and EU is predicated on multiple fac-
tors: physicians’ willingness to prescribe generic imatinib,
molecule characteristics, and health system priorities. This
article discusses each of these issues based on prior empirical
work in turn. We then review their implications for the devel-
opment of country-specific cost-effectiveness models that
could be constructed to predict the cost and quality of care
implications of generic imatinib availability.

Background on patent protection and generic entry

There are two types of prescription drugs: brand name, some-
times called Bpioneer,^ and generic. In the USA, pioneer
drugs are approved for use in a given indication by the Food
and Drug Administration (FDA) under NewDrug Applications

(NDAs) submitted by manufacturers typically based on the
results of several phase III randomized controlled clinical trials
[12]. These manufacturers are able to sell their products exclu-
sively while the drug is patent protected. Patent protection
length varies, but generally lapses 17 years from the time the
pioneer manufacturer first files its investigational NDAwith the
FDA. In the EU, pioneer drugs are approved for use in a given
indication by the European Medicines Agency (EMA). The
pioneer manufacturer benefits from market exclusivity for ap-
proximately 10 years from the date of first authorization [13].

Loss of patent exclusivity in the USA and EU opens the
market up to potential competition from multiple manufac-
turers previously limited to the sole pioneer producer [14].
In the USA, according to provisions of the 1984 Drug Price
Competition and Patent Term Restoration Act (the Waxman-
Hatch Act), other manufacturers apply to the FDA to obtain
approval to market the Bgeneric^ drug under an Abbreviated
New Drug Application (ANDA) in anticipation of patent ex-
piration. Under the Waxman-Hatch Act, if a generic manufac-
turer successfully challenges the patent of a brand (a so-called
Paragraph IV challenge), the entrant has exclusive ANDA
marketing privileges for the molecule formulation and
strength for 180 days.

In the EU, a pharmaceutical manufacturer can only develop
a generic drug for marketing once the period of Bexclusivity^
on the pioneer (the so-called reference) drug has expired [15].
Generic drugs must obtain a marketing authorization from the
EMA before they can be marketed.

FDA approval and EMA authorization of a generic drug
do not require its manufacturer to repeat clinical or animal
research on active ingredients or finished dosage forms al-
ready found to be safe and effective. Rather, to gain approv-
al (or authorization), the generic drug manufacturer must
only establish that the generic contains the same active in-
gredients; be identical in strength, dosage form, and route of
administration; be bioequivalent; and be manufactured under
the same strict standards as the brand-name drug. The ge-
neric drug manufacturer must provide evidence either sub-
stantiating bioequivalence and compliance with current good
manufacturing practices at its own manufacturing sites or
else indicate that portions of the manufacturing will be
outsourced to another supplier or contract manufacturing
organization. The FDA and EMA are responsible for
enforcing these requirements and current good manufactur-
ing standards among generic manufacturers both upon entry
and via subsequent periodic routine inspections. Production
facilities may be inspected and certified post-approval to
verify they meet regulatory requirements. For oral tablets,
such as imatinib, the direct costs of generic drug applications
in the USA are modest (US$1–5 million) compared to po-
tential profitability [11, 16].

Since the passage of the Waxman-Hatch Act in 1984, ge-
neric entry and price competition over all drug categories have

Table 1 Comparative results from frontline randomized clinical trials
of imatinib 400 mg/day vs. second-generation TKIs for newly diagnosed
CML in chronic phase

Daily dose
(mg)

Still on
study
therapy
(years)

PFS
(years)

OS
(years)

MMR
(years)

Median
age, years
(range)

Male
(%)

Imatinib 400 50 (5) 91 (5) 92 (5) 60 (5) 46 (18–80) 56

69 (3) 91 (3) 93 (3) 55 (3) 49 (18–78) 63

72 (1) 90 (3) 97 (3) 44 (1) 50 (19–89) 59

80 (1) 93 (1)a 97 (1) 32 (1) 47 (18–89) 54

73 (3.5) 94 (3) 95 (3) 79 (3) 54 (16–88) 60

NR 80 (4) 90 (4) 36 (1) 50 (23–80) 63

Nilotinib 300
BID

60 (5) 92 (5) 94 (5) 77 (5) 47 (18–85) 56

Dasatinib 100 71 (3) 91 (3) 94 (3) 69 (3) 46 (18–84) 56

80 (1) 93 (3) 97 (3) 59 (1) 47 (18–90) 60

Bosutinib 500 71 (1) 94 (1)a 99 (1) 47 (1) 48 (19–91) 60

Data collected from references [1–8] (references for frontline clinical
trials in chronic phase CML)

PFS progression-free survival, OS overall survival,MMR major molecu-
lar response, NR not reported
a Event-free survival
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been vigorous in the USA. In 2003, approximately, 43% of all
US prescriptions were filled with generic drugs. In 2008, over
63 % of the total pharmaceutical market volume was
accounted for by generics. In 2013, this fraction had risen to
84 % [17]. In the USA, the magnitude of cost savings as a
result of generic entry has increased over the past decade, due
in part to virtually automatic generic substitution and other
demand side and supply side prescription drug management
policies we describe below. Whereas the Congressional Bud-
get Office reported that the average generic entrant captured
about 44 % of brand sales after 1 year in the early 1990s [18],
it is not uncommon for a generic drug launched today to cap-
ture 80–90 % of brand sales within a year. Contemporaneous
EU member country annual generic drug penetration rates are
much more varied due to a variety of supply-side policies
implemented on a county-specific basis we discuss below
[19].

Molecule characteristics associated with generic drug
Bsuccess^

The date of imatinib’s expected patent expiration and generic
availability varies quite considerably between countries. For
example, generic imatinib is already available in a number of
countries. In April 2013, Health Canada approved two generic
bioequivalent alpha crystal formulations of imatinib
manufactured by Apotex and Teva, coinciding with Novartis’
patent expiration of its alpha crystal formulation of imatinib in
Canada. In Canada, Novartis’ patent on the beta crystal for-
mulation of imatinib expires in 2018. For several years, man-
ufacturers in India have been selling unregistered forms of
imatinib in domestic markets and throughout the developing
world [20]. Generic imatinib is also currently available in
Russia and Morocco [21].

When generic entry will actually occur in the countries
where imatinib remains patent protected varies for several
reasons. First, over the past two decades, the makers of brand-
ed pioneer drugs have devised numerous ways to extend pat-
ent exclusivity in the USA [22]. Novartis’s agreement with
Sun Pharmaceuticals in the USA is a recent example of a
Bpay-for-delay^ deal. A June 2013 Supreme Court ruling gave
the Federal Trade Commission clear authority to investigate
and prosecute pay-for-delay agreements, but stopped short of
making such deals presumptively unlawful restraints of trade
(http://www.supremecourt.gov/opinions/12pdf/12-416_
m5n0.pdf). The June 2013 Supreme Court ruling will likely
increase investigation and litigation of generic entry delay
tactics among these drugs, effectively lengthening patent
protection.

Second, in the USA, secondary patent challenges are quite
common [23, 24]. Sampat and Hemphill suggest that the ma-
jority of successful patent challenges they surveyed occur in

the context of secondary patents [25]. Novartis has an addi-
tional patent covering a variety of imatinib polymorphs that
expires in 2018. Patent disputes tend to concentrate in drugs
with significant market demand, creating high revenue risk
from generic entry for the originating branded firms and high
revenue reward for generic manufacturer challengers. Clearly,
imatinib enjoys this type of market prominence in the USA.

In the EU, pioneer drug manufacturers can only use patent
law to obtain further protection. This protection, if granted,
applies to new uses of the drug, such as new clinical indica-
tions. While this Buse patent^ protection is in place, a generic
drug cannot be marketed for the protected indication, even if
the period of exclusivity on the reference drug has expired.
Until the expiry of the use patent, generic drug can only be
marketed for indications that are not still under patent protec-
tion. Generic manufacturers are allowed to develop a generic
drug that is based on a reference drug but is presented as a
different strength or with a different route of administration.
They may also decide to develop a drug with a slightly differ-
ent indication, such as a limited indication that will allow the
drug to be used without a prescription. This type of generic
drug is called a Bhybrid,^ because its authorization relies in
part on the results of tests and trials on the reference drug and
in part on new data.

The pricing implications of patent expiration and generic
entry for oral cancer drugs such as imatinib are country and
molecule specific. In the EU, generic drug prices are lower
compared to their branded counterparts, but specific price
drops may be determined by statute or other country-specific
rules [26]. Generally, generic drug prices in well-developed
EU markets are typically 10–80 % of brand prices after se-
quential entry by generic manufacturers [19].

For the generic versions of imatinib currently available, the
price discount compared to branded imatinib appears to be
significant. According to a recent report, the prices of generic
imatinib in Canada are set at 18–26 % of the branded drug
price [19]. In India, an April 2013 New York Times article
reported treatment with generic imatinib costs approximately
3.6 % that of US costs (they assumed the Indian generic ver-
sion costs about US$2500 a year compared to branded ima-
tinib costing about $70,000 a year in the USA) [20]. A 2013
World Health Organization study reported stiff generic com-
petition in India has resulted in private sector prices as low as
US$3.5–18/g (compared to the US Federal supply schedule of
US$240–330/g). The same report estimates Russia’s state
maximum release price for generic imatinib manufactured
by Teva is approximately US$145–226/g.

In the USA, previous economic research has examined
entry and price competition among manufacturers of oral
drugs after generic entry and generally finds price declines
of 60–90 % off the pre-patent expiration price [27–30]. Fur-
thermore, results of these analyses suggest that after loss of
patent exclusivity, prices for oral solids initially fall quickly
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and then steadily as additional generic manufacturers enter the
market. Notably, Reiffen and Ward find that generic drug
prices fall with an increasing number of competitors, but re-
main above their costs of production until there are eight or
more competitors. Thus, the number of generic manufacturers
entering the market after loss of patent exclusivity is one im-
portant determinant of price declines.

Generally, this literature further suggests that a greater
number of generic manufacturers enter and enter more quickly
into markets when expected profits are greater. For example,
Scott-Morton conducted a market-level analysis of 81 drugs
undergoing loss of patent exclusivity between 1986 and 1992
and found that drugs that have higher pre-patent expiration
revenues and that are used to treat highly prevalent chronic
diseases experience greater generic entry. It is also important
to note that the extent of the decline after generic entry de-
pends on the formulation of the drug. Estimated price declines
among physician-administered (injectable or infused) onco-
logics after generic entry are generally smaller than those com-
monly observed among oral solids, likely related to the greater
production costs and a concentrated number of suppliers.

Furthermore, it is important to note that in the USA, price
declines are not necessarily observed among pioneer drugs
that have experienced loss of patent exclusivity and generic
entry. Notably, several authors have reported very small
changes in the pioneer drug’s price after generic entry and
even price increases in some drug markets [31, 32]. Frank
and Salkever developed a theoretical model to explain the
anomaly of rising branded prices in the face of generic com-
petition. Their model posits a segmented market where two
consumer segments exist—a quality-conscious, brand-loyal
segment that continues to buy the established branded drug
after generic entry and a price-conscious segment that is less
brand-loyal. Frank and Salkever report that branded prices rise
and generic prices fall in response to loss of patent exclusivity
and generic entry. Ellison et al. and Griliches and Cockburn
also find that average prices of branded anti-infective medica-
tions rise with generic entry [33, 34]. Ellison et al. and Aitken
et al. report similar findings and also document significant
price responsiveness between branded and generic drugs
[35]. Conti and Berndt document similar patterns among pio-
neer drugs used to treat cancer when they experience loss of
patent exclusivity and generic entry in recent years (2001–
2007).

In the specific case of imatinib, the FDA has awarded Sun
Pharmaceuticals exclusive marketing of generic imatinib for
6 months following patent expiration (a so-called Paragraph
IV challenge). As an exclusive generic entrant for 6 months,
the successful Paragraph IV challenger can charge prices just
under those of the pioneering brand. Thus, we should not
expect generic imatinib’s price to drop precipitously in the
USA after expected generic entry occurs in 2016, but rather
follow a slower pattern of decline in the first year after entry.

Patient, physician, and health system factors determine
the use of imatinib to treat CML after generic entry

Across the USA, Canada, and EU member countries, physi-
cians write prescriptions for branded and generic drugs for
their patients who then fill these prescriptions at retail (or
hospital) pharmacies. Physicians may be generally ignorant
of, or unconcerned about, pharmaceutical prices since they
do not pay for the oral drugs they prescribe [36]. When a
generic drug enters the market, pharmacists at retail pharma-
cies can substitute for the brand name drug with its generic
equivalent. In the USA, generic substitution is allowed or even
mandated, although in some states, pharmacists may need to
contact the prescribing physician to request permission to sub-
stitute [37]. In most provinces in Canada, pharmacists are
authorized (or even required) to switch a CML patient from
branded imatinib to either generic formulation manufactured
by Apotex or Teva. One exception is in the province of Que-
bec; physicians can write Bdo not substitute^ on prescriptions
that they order. This must be written in the doctor’s own hand
on the actual prescription.

In the EU, member countries differ greatly in their policies
encouraging generic dispensing. For example, in Denmark,
Germany, the Netherlands, and the UK, generic substitution
is possible with the doctor’s agreement and strongly encour-
aged. While generic substitution is allowed in Belgium,
France, and Italy, these countries tend to have relatively low
generic drug prescribing due in part to other incentives in the
supply chain [38, 39]. Consequently, physician willingness to
prescribe generic imatinib is a key determinant of whether
branded imatinib use will be steady or decline after generic
entry and whether generic imatinib use will increase substan-
tially after entry.

In addition, clinical trial data suggest there are differences
in how a CML patient responds to specific TKIs according to
their Sokal or Euro risk factors (Table 1). Patients with low- or
intermediate-risk scores appear to do nearly as well with ima-
tinib as with one of the second-generation TKIs in terms of
acute and longer term tolerance and survival. However, pa-
tients with high-risk scores seem to have better outcomes if
they start with a more potent, second-generation TKI rather
than with imatinib. Nevertheless, patients who achieve an ear-
ly molecular response (i.e., quantitative RT-PCR analysis of
BCR/ABL1 transcript levels <1–10% (IS) in leukocytes at 3 or
6 months) have had excellent outcomes regardless of whether
the initial TKI was imatinib or a second-generation TKI.
Follow-up of patients enrolled on frontline trials now exceeds
5 years, and late complications, particularly vascular events,
have been observed. Since patient may need to take these
TKIs life-long, an increasing rate of these adverse events over
time will likely impact prescribing patterns.

Physicians’ willingness to prescribe generic imatinib may
also be influenced by its perceived quality [40]. Unlike other
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brand-name drugs in the same therapeutic class, generic drugs
cannot be portrayed as being therapeutically different than
their parent pioneer drug. This is due to rigorous requirements
enforced by the FDA and EMA. The enforcement activities of
these agencies essentially act to ensure that generics are essen-
tially identical to their branded counterparts. In the words of
the FDA, a generic drug is Bidentical – or bioequivalent – to a
brand name drug in dosage form, safety, route of administra-
tion, quality, performance characteristics and intended uses^
[41]. One potential rationale for generic drug use variation
between EU member countries is their potential susceptibility
to generic drug supply sources with different (lower) quality
standards.

Nevertheless, concerns have been raised based on individ-
ual case reports and small case series that the bioavailability
and potency of some generic imatinib is not equivalent to the
branded drug. For example, clinical trial data submitted by the
manufacturers of the generic formulations to Health Canada in
order to obtain approval for sale of their products is the same
data used to obtain approval for branded imatinib since the
Canadian government does not require generic manufacturers
to conduct extensive clinical trials to prove the efficacy of
their drugs. The Canadian government has de facto accepted
that the beta and alpha formulations of imatinib are compara-
ble, as well as the two alpha versions, and has consequently
designated the two generics and the branded molecules as
Bbioequivalent^. Nevertheless, some have claimed that the
alpha crystal formulation may be less stable in the body than
the beta crystal. Bioequivalence studies done at McGill Uni-
versity in Canada indicate that the alpha and beta formulations
are bioequivalent and therefore should work in the body just
as well as branded imatinib. Another recent meta-analysis by
de Lemos and Kyritsis concluded that anecdotal concerns re-
garding the bioequivalence of generic imatinib distributed for
sale in non-Western countries were not confirmed when for-
mulations of imatinib approved and registered by Western
health authorities were examined.

In addition, each generic version of imatinib available in
Canada (the Apotex and the Teva versions) uses different
bulking agents (sometimes called excipients) added to imatin-
ib for the purpose of aiding in the manufacturing and/or help-
ing with drug solubility and absorption. Differences in the use
of excipients may alter a patient’s response to generic imatinib
if they have been receiving the branded formulation. In Can-
ada, pharmacists have been instructed to advise the CML pa-
tient that the drug has been switched from the branded formu-
lation to a generic formulation. It remains the responsibility of
the patient to advise their treating physician that they have
been switched to generic imatinib.

These issues suggest to us that unlike in Canada, in the
USA, the two CML populations most likely to use imatinib
when it is available in generic form are newly incident chronic
phase cases in a given year and prevalent cases of CML who

have been treated with branded imatinib for 1 year or longer
and have responded well to treatment. Note that the group that
is excluded from this categorization is prevalent CML cases
currently treated with a second-generation TKI (i.e., nilotinib,
dasatinib, or bosutinib). It is unlikely that a patient tolerating
and responding well to one of the more potent TKIs will
switch to the less potent TKI imatinib unless required to do
so by personal or health system financial pressures. We sus-
pect prevalent CML patient experiences with switching from
branded imatinib to generic when it becomes available will
likely vary considerably between EU member countries.

Finally, supply-side incentives largely acting upon pharma-
cists through third-party payer policies may substantially in-
fluence the use of generic imatinib when it becomes available.
In the USA, third-party payers and pharmacy benefit man-
agers (PBMs—firms that manage pharmaceutical benefits on
behalf of third-party payers) often reimburse pharmacies more
generously for generic drug dispensing and reward high rates
of generic substitution with bonuses and other incentives [42].
Pharmacists thus have an incentive to fill a prescription for a
multisource drug with generic equivalents even if it is written
for a brand name drug. Some PBMs also contact physicians
directly to encourage prescribing of a new generic.

On the demand side, in the USA, insured consumers typi-
cally pay higher copayments for brand-name drugs compared
to generic drugs under tiered formulary arrangements, which
encourages them to use generics when available. This has
important implications for treatment adherence to TKI-based
CML treatment when imatinib’s generic entry occurs. A re-
cent study by Dusetzina et al. found that among a national,
commercially insured CML patient population, patients with
higher copayments were more likely to discontinue or be
nonadherent to imatinib-based therapy [43]. Approximately
17% of patients with higher copayments and 10%with lower
copayments discontinued TKIs during the first 180 days fol-
lowing initiation. Similarly, patients with higher copayments
were 42%more likely to be nonadherent to the recommended
daily dosing.

In the EU, country-specific health authority policies will
likely act to substantially influence the use of generic imatinib
for the treatment of CML and other indications [44]. How
much savings a health system will accrue depends on
country-specific rules about the pricing of generic imatinib
relative to the branded form and its formulary placement.
Generally, larger health care payer markets will likely have
the greatest leverage to reduce the price of generic imatinib
if price and formulary placement bargaining with manufac-
turers is accomplished centrally [45]. However, there is also
large variation in pharmacists’ remuneration for generic sub-
stitution across EU member countries [46]. Pharmacist remu-
neration consists of the combination of a fixed fee per item
and a certain percentage of the acquisition cost or the delivery
price of the medicines. This percentage component can act as
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a disincentive for dispensing generic medicines. On the de-
mand side, in EU member countries, generally patients do not
face any copayments or copayment differences between
branded and generic drugs, suggesting consumers’ price re-
sponse will not determine the use of generic imatinib when
available.

The role of health technology assessment in the use
of generic imatinib for CML

Given the importance of imatinib for the treatment of CML
and other conditions, we expect multiple investigators are now
or will be developing health technology assessments (HTA),
such as cost-effectiveness models, that might predict potential
cost savings and quality implications when generic imatinib
becomes available in the USA and EU [39]. Across many
health systems throughout the EU and North America, HTA
is an important analytic tool used to make a business case for
selecting alternative treatment approaches [47]. By calculating
cost per measure of efficacy or effectiveness (i.e., cost-
effectiveness analysis), it is possible to consider the economic
outlook for TKIs relative to the same standard by which other
therapeutics and health technologies are assessed after the
generic entry of imatinib.

There is some precedent for the use of HTA to predict the
benefits of generic imatinib entry into a given market. For
example, Shih et al. examine a US-based national commer-
cially insured population to compare the cost-effectiveness of
the selective serotonin reuptake inhibitor anti-depressants
(SSRIs) sertraline, citalopram, escitalopram, and fluoxetine
with paroxetine to treat elderly patients with a diagnosis of
major depression, before and after the entry of generic parox-
etine [48]. Specifically, they followed users of these drugs for
6 months, starting from the date of their first prescription. For
each patient, they measured costs as total medical costs and
quantified effectiveness as the avoidance of treatment failure.
They then calculated individual net benefit and employed both
net benefit and Bayesian net benefit regression models to ex-
amine the impact of generic paroxetine on the cost-
effectiveness of the other four SSRIs compared with paroxe-
tine, while controlling for patients’ sociodemographic charac-
teristics, comorbidities, and patterns of medication switching.
Results of their deterministic analysis suggested that paroxe-
tine was dominated by most other SSRI anti-depressants prior
to the availability of generic paroxetine and that after the entry
of generic paroxetine, citalopram and escitalopram were dom-
inated by paroxetine. Net benefit regression analysis found
that sertraline and escitalopram were more cost-effective than
paroxetine in the pre-generic-entry period but not in the post-
entry period, although the difference in net benefit between
these two anti-depressants and paroxetine was not statistically

significant in either period. The Bayesian net benefit regres-
sion analysis reached similar conclusions.

The importance of examining the total costs of care in such
forecasting models, including but not limited to prescription
drug costs, is illustrated by Paradis et al. 2009. They forecast-
ed the economic impact of the generic anti-epileptic drug
topiramate (Topamax) in France, Germany, Italy, and the
UK using 2008 IMS Health data. Patients with epilepsy and
more than two topiramate filled prescriptions were selected.
An open-cohort design was used to classify observations into
mutually exclusive periods of branded versus generic use of
topiramate. Healthcare utilization, costs per person-year, and
overall annual spending was estimated for each country. Inter-
estingly, after covariate adjustment, generic-use periods were
associated with increased drug dispensing, hospitalizations,
and lengths of hospital stays in all European countries (adjust-
ed cost differences per person-year 706–815 Euro, p<0.001
for all comparisons). They concluded that system-wide costs
would actually increase from 3.5 to 24.4% 1 year after generic
entry.

For imatinib, we believe important considerations in pur-
suing such forecasting models include a country-specific un-
derstanding of brand-generic pricing considerations, formu-
lary restrictions, accurate assessment of utilities and all re-
source utilization across treatment modalities, disease-
specific factors such as risk status, and physician preferences
based on maturing outcomes data. We have outlined many of
these considerations above. It is important to note that a priori,
we do not expect utilization of medical resources, such as
hospitalization, to be significantly altered when generic ima-
tinib become available since additional medical resource use
and associated costs are generally minimal after accounting
for the use of TKI therapy itself. Yet, we do believe country-
specific data is required to estimate treatment prevalence,
treatment intensity using all available medical inputs, associ-
ated per unit spending (quantities × prices), and pricing alone,
based on contemporaneous understanding of supply-side pre-
scribing and demand-side adherence incentives. Given the
inherent uncertainties of many of these inputs, multiple sensi-
tivity analysis will likely be required.

In addition, the Paradis et al. analysis suggests that defining
the perspective of any country-specific imatinib cost-
effectiveness analysis conducted is critical to determining re-
sults. Multiple system-level perspectives exist such as societal
and payer [49]. Depending on the function of the health sys-
tem, societal or payer perspectives can have broad, national
implications in the case of a national health system or national
health insurance payer or more limited scope in the case of
state-limited commercial or governmental payers.
Operational-level perspectives also exist including providers
and patients. These perspectives impact decision-making for
cohorts where there is an assumed CML cohort seeking treat-
ment in health systems with a substantial supply of
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hematologists and oncologists. At the operational-level, stake-
holders are concerned with the impact of chronic disease on
local resources and quality of life, such as the measured pro-
ductivity loss of an individual during a period when chemo-
therapy diminishes the number of patient work-days [50].

Health system perspectives also impact the types of effec-
tiveness measures used for assessment. Many types of mea-
sures exist for different chronic diseases, including health util-
ity (e.g., quality-adjusted life years, QALYs), mortality, remis-
sion, or disease-free time. Health utility is a measure of patient
preference, risk, and uncertainty relative to living in an
existing health state such as CML compared to a more desir-
able quality of life. QALYs are the gold standard unit of health
utility in cost-effectiveness analysis for providing a single,
quantifiable index of utility across transitioning joint health-
states such as CML. The US Medical Expenditure Panel Sur-
vey (MEPS) utilized the EuroQOL 5-domain (EQ5D) instru-
ment to index QALYs for US preference weights [51]. Other
instruments from which QALYs are derived for chronic dis-
ease include the SF6D and HUI3 [52, 53]. The SF6D provides
QALYs from the UK, and the HUI3 has been applied in Can-
ada. Utilities not only offer useful societal-level measures of
effectiveness but also can be used for other stakeholder per-
spectives such as patients and payers. Provider models may
consider alternative effectiveness measures that impact clini-
cal practice, such as mortality or periods of remission that
reduce patient utilization.

Finally, perspective choice also requires decisions regard-
ing the time frame of the analysis. While the patient Blifetime^
perspective is appealing from a social perspective, such an
analysis requires modeling assumptions regarding the generic
entry dates and associated pricing changes of the competing,
currently available TKIs. It also requires some assumptions
about treatment innovation in the future. For example, in the
case of CML, one large unknown is the fraction of newly
diagnosed patients who might eventually be able to discontin-
ue TKI therapy because their disease has been cured or at least
suppressed to an undetectable level for a long period of time.
Clearly, this treatment Balternative^ holds the greatest poten-
tial for eventual cost savings from the patient lifetime perspec-
tive, even if a more expensive TKI were required for several
years to achieve this stopping point. These concerns suggest
the importance of time-based sensitivity analyses in the con-
struction of generic entry budgetary forecasts.

In summary, the development of oral well-tolerated BCR/
ABL tyrosine kinase inhibitors has revolutionized the treat-
ment of CML and allowed thousands of patients over the past
15 years to live healthy and productive lives. This dramatic
clinical benefit has come at a high cost to individual patients
and health care systems around the world. The arrival of ge-
neric imatinib at a reduced price has the potential to markedly
impact the cost of care for CML. It may also increase the
access of patients to this remarkable drug that has previously

been unaffordable to some. The potential cost savings and
clinical benefits of generic imatinib availability in the USA
and EU member countries will be predicated upon market
forces, third-party payers, physicians, and regulatory authority
behavior. We look forward to observing the responses of these
stakeholders to imatinib’s loss of patent exclusivity over the
next several years.
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