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Abstract: The Biopharmaceutics Classification System (BCS) is employed to waive in vivo
bioequivalence testing (i.e. provide “biowaivers”) for new and generic drugs that are BCS class
I. Granting biowaivers under systems such as the BCS eliminates unnecessary drug exposures
to healthy subjects and provides economic relief, while maintaining the high public health standard
for therapeutic equivalence. International scientific consensus suggests class Il drugs are also
eligible for biowaivers. The objective of this study was to estimate the economic impact of class
| BCS-based biowaivers, along with the economic impact of a potential expansion to BCS class
IIl. Methods consider the distribution of drugs across the four BCS classes, numbers of in vivo
bioequivalence studies performed from a five year period, and effects of highly variable drugs
(HVDs). Results indicate that 26% of all drugs are class | non-HVDs, 7% are class | HVDs,
27% are class Ill non-HVDs, and 3% are class Ill HVDs. An estimated 66 to 76 million dollars
can be saved each year in clinical study costs if all class | compounds were granted biowaivers.
Between 21 and 24 million dollars of this savings is from HVDs. If BCS class Ill compounds
were also granted waivers, an additional direct savings of 62 to 71 million dollars would be
realized, with 9 to 10 million dollars coming from HVDs.
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Introduction

Cook and Bockbrader previously examined the potential
cost savings of using BCS-based waivers of in wvivo
bioequivalence studies (biowaivers) for class I drugs, in lieu
of in vivo bioequivalence (BE) testing.! They considered the
number of BE studies performed by the pharmaceutical
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industry between January 1998 and May 2001 and assumed
25% of BE studies are for class I drugs. They conservatively
estimated in 2002 that “there is the potential to save one
quarter the annual expenditures on BE studies, $22 to $38
million dollars/year”. The authors only considered direct
costs of testing and indicate that additional indirect savings
can occur if BE studies are rate limiting to drug regulatory
submission (e.g., avoid lost sales of over one million dollars
per day if product leads to sales of $400 million per year)
and if opportunity costs are considered (e.g., resources not
deployed to running in vivo studies can be redeployed to
bring other drugs to market faster). The analysis was limited
to class I biowaivers.

(1) Cook, J. A.; Bockbrader, H. N. An industrial implementation of
the biopharmaceutics classification system. Dissolution Technol.
2002, 9, 6-9.
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Since 2002, several factors have changed that might lead
to different cost savings estimates. First, several recent
endeavors to classify large groups of drugs may lead to a
more correct characterization of the proportion of drugs in
each BCS class. Additionally, scientific consensus suggests
biowaivers could be granted for immediate-release (IR)
formulations of class III drugs that are very rapid dissolving,
provided other concerns are addressed (e.g., stability, ex-
cipient effects, narrow therapeutic index).>~* More recently,
both the World Health Organization and European Medicines
Agency (EMEA) instituted guidance allowing BCS-based
biowaivers for class III drugs.® Finally, it has been
suggested that biowaivers can be granted for rapidly dis-
solving IR formulations of highly variable drugs that are not
bio(equivalence) problem drugs.” The objective of this
analysis is to estimate the economic impact of these potential
expansions of the BCS. While the focus of analysis here is
to estimate the economic impact, it should be noted that the
main rationale for BCS-based biowaivers is that, in some
situations, in vitro testing is at least as good as in vivo testing
in determining BE of IR solid oral dosage forms, and
sometimes better in terms of direct assessment of product
performance and avoiding unnecessary human exposures.’

Frequency of Class | and Class Ill Drugs

Several authors have attempted to classify large groups
of drugs.®'° Table 1 lists the relative distribution of drugs
across the four BCS classes. Approximately two-thirds of
these drugs are highly soluble, with approximately one-third
classified as class I and one-third class III. These distributions

(2) Yu, L. X.; Amidon, G. L.; Polli, J. E.; Zhao, H.; Mehta, M. U.;

Conner, D. P.; Shah, V. P.; Lesko, L. J.; Chen, M. L.; Lee, V. H.;

Hussain, A. S. Biopharmaceutics classification system: the
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Jantratid, E.; Prakongpan, S.; Amidon, G. L.; Dressman, J. B.
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(4) Polli, J. E.; Abrahamsson, B. S.; Yu, L. X.; Amidon, G. L.;
Baldoni, J. M.; Cook, J. A.; Fackler, P.; Hartauer, K.; Johnston,
G.; Krill, S. L.; Lipper, R. A.; Malick, W. A.; Shah, V. P.; Sun,
D.; Winkle, H. N.; Wu, Y.; Zhang, H. Summary workshop report:
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yond. AAPS J. 2008, 10, 373-379.

(5) Anonymous. “Annex 7: Multisource (Generic) Pharmaceutical
Products: Guidelines on Registration Requirements to Establish
Interchangeability”. In WHO Expert Committee on Specifications
for Pharmaceutical Preparations: Fortieth Report; WHO: Geneva,
Switzerland, 2006; pp 347—390. http://whqglibdoc.who.int/trs/
WHO_TRS_937_eng.pdf (accessed March 19, 2010).
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Table 1. Distribution of Drugs in the BCS Classes?

grouping® class | class Il class lll class IV ref

top 200° 8

United States 34 33 25 7

Great Britain 33 32 28 7

Spain 32 33 31 5

Japan 36 35 24 4

WHO Essential 36 17 38 9 9
Medicines

WHO Essential 29 20 38 13 10
Medicines

highly variable 24 21 10 45 derived here
drugs from ref 15

2 Values are percentages, based only on those drugs that have
been classified. © Values are for oral immediate release products.
°Values are obtained from graph and are rounded so total may
differ from 100%.

agree with that of Benet and Wu, who, in proposing a
Biopharmaceutics Drug Disposition Classification System
(BDDCS), extensively examined 169 drugs in the WHO
Essential Medicines List."" These 169 compounds showed
39%, 30%, 26%, and 8% for BDDCS class I, II, III, and IV,
respectively. These distributions are further supported by
Khandelwal et al., where drug disposition data for 56
previously unclassified drugs was obtained from an extensive
literature search.'? These 56 compounds were distributed
within BDDCS class I, II, III, and IV as 47%, 20%, 25%,
and 9%, respectively. It should be noted that analysis here
reflects compounds that have already been developed and
approved; future drug distribution may differ (e.g., more low
solubility drugs).

Frequency of Highly Variable Drugs (HVDs)
for Possible Additional Biowaiver

HVDs are drugs characterized by within-subject variability
(% CV) in Cmax or AUC of 30% or more.'? In general, in

order to gain marketing approval, these HVDs typically are
approved for administration at regimens in the flat portion

(8) Takagi, T.; Ramachandran, C.; Bermejo, M.; Yamashita, S.; Yu,
L. X.; Amidon, G. L. A provisional biopharmaceutical classifica-
tion of the top 200 oral drug products in the United States, Great
Britain, Spain, and Japan. Mol. Pharmaceutics 2006, 3, 631-643.

(9) Lindenberg, M.; Kopp, S.; Dressman, J. B. Classification of orally
administered drugs on the World Health Organization Model list
of Essential Medicines according to the Biopharmaceutics clas-
sification system. Eur. J. Pharm. Biopharm. 2004, 58, 265-278.

(10) Kasim, N. A.; Whitehouse, M.; Ramachandran, C.; Bermejo, M.;
Lennernids, H.; Hussain, A. S.; Junginger, H. E.; Stavchansky,
S. A.; Midha, K. K.; Shah, V. P.; Amidon, G. L. Molecular
properties of WHO essential drugs and provisional biopharma-
ceutical classification. Mol. Pharmaceutics 2004, 12, 85-96.

(11) Wu, C. Y.; Benet, L. Z. Predicting drug disposition via application
of BCS: transport/absorption/ elimination interplay and develop-
ment of a biopharmaceutics drug disposition classification system.
Pharm. Res. 2005, 22, 11-23.

(12) Khandelwal, A.; Bahadduri, P. M.; Chang, C.; Polli, J. E.; Swaan,
P. W.; Ekins, S. Computational models to assign Biopharmaceutics
drug disposition classification from molecular structure. Pharm.
Res. 2007, 24, 2249-2262.
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of the dose response curves (i.e., near maximal effect) in
order to ensure that adequate exposure is consistently
achieved across the target patient population. As a conse-
quence, HVDs exhibit large therapeutic windows, such that
clinically important adverse drug reactions (ADRs) occur at
much higher doses than those required for efficacy.'* Davit
et al. reviewed over 1000 in vivo BE studies of 180 different
drugs, of which 31% were highly variable.'> About 60% of
the HVDs were highly variable due to drug substance
pharmacokinetic characteristics. Formulation performance
contributed to the high variability only about 20% of the
time; thus high variability is frequently not due to poor
product quality.'

From this report,'> the BCS classification distribution of
the 29 drugs that were consistently highly variable was 24%,
21%, 10%, and 45% for BCS class I, II, III, and IV,
respectively (Table 1).'> Hence, an estimated 66% of HVDs
are either class II or class IV drugs, with 34% being class |
or class IIT drugs. The BCS class distribution of HVDs is
notably enriched in class IV drugs and contains notably fewer
class III drugs. Contributions of lipophilicity/metabolism to
higher drug variability would anticipate these differences.
Assuming 31% of drugs are HVDs and that HVDs are
distributed across classes I and III as 24% and 10%,
respectively, 26% of drugs are non-HVDs in class I, 7%
drugs are HVDs in class I, 27% of drugs are non-HVDs in
class III, and 3% drugs are HVDs in class III (Table 1). Of
course, these values are estimates.

It is well-appreciated that in vivo BE studies of HVDs
often require using a greater number of subjects than non-
HVDs, in order to avoid type II error. Tanguay et al.
examined over 1200 BE studies performed between 1992
and 2002 and observed the failure rate increased as intra-
subject variability increased, reaching an astounding 85%
when intrasubject CV was greater than 35%.'® The authors
suggested that this likely occurred in an attempt to control
study power and cost, and address ethical issues and logistical
difficulties, simultaneously.

As discussed below, estimating the potential direct cost
savings by employing BCS-based biowaivers for HVDs is

(13) Haidar, S. H.; Davit, B.; Chen, M. L.; Conner, D.; Lee, L.; Li,
Q. H.; Lionberger, R.; Makhlouf, F.; Patel, D.; Schuirmann, D. J.;
Yu, L. X. Bioequivalence approaches for highly variable drugs
and drug products. Pharm. Res. 2008, 25, 237-241.

(14) Benet, L., Therapeutic Considerations of Highly Variable Drugs.
FDA Advisory Committee for Pharmaceutical Science Meeting
Transcript, October 6, 2006. http://www.fda.gov/ohrms/dockets/
ac/06/slides/2006-4241s2-index.htm (accessed March 19,
2010).

(15) Davit, B. M.; Conner, D. P.; Fabian-Fritsch, B.; Haidar, S. H.;
Jiang, X.; Patel, D. T.; Seo, P. R.; Suh, K.; Thompson, C. L.;
Yu, L. X. Highly variable drugs: observations from bioequivalence
data submitted to the FDA for new generic drug applications.
AAPS J. 2008, 148-156.

(16) Tanguay, M.; Potvin, D.; Haddad, J.; Lavigne, J.; Marier, J. F.;
DiMarco, M.; Ducharme, M. P. When will a drug formulation
pass or fail bioequivalence criteria? Experience from 1200 studies.
AAPS PharmSci. 2002, 4 (S1), Abstract R6193.

complicated by a number of factors. More subjects are
needed for the in vivo BE testing of HVDs compared to the
number of subjects needed for non-HVD trials. However, it
appears that insufficient numbers of subjects are being used
in HVD BE trials as the study failure rate increases with
intrasubject variability (which is associated with sample size).
For example, the failure rate of studies using n = 49 to 60
subjects was three times larger than the failure rate of studies
using n = 37 to 48 subjects.'® Because of the high subject
numbers per study and the higher failure rate of studies with
HVDs, the potential direct cost savings for HVDs could be
much larger than that for non-HVDs, which suffer less from
this encumbrance. It is recognized that the distribution of
HVDs in the BCS is somewhat different from for non-HVDs.
Most notably, there are fewer highly soluble compounds
(class I and IIT) among HVDs compared to all drugs (Table
1). Yet, one-third of HVDs are highly soluble and, at least
for these drugs, one would expect formulation differences
to have minimal impact on bioavailability as the drugs should
go quickly into solution. For these drugs, it would seem that
in vitro dissolution based testing would be the best way to
establish BE.

Economic Impact of Biowaivers of Class |
Drugs and Class lll Drugs

To estimate the potential economic impact of biowaivers
for BCS class I and III compounds, the number of BE studies
conducted each year was calculated. To avoid counting the
same studies more than once, only data submitted to the US
FDA were considered. It was recognized that this approach
would likely underestimate the actual numbers of studies
performed. Between January 1, 2004, and December 31,
2008, there were 1119 Abbreviated New Drug Applications
(ANDAs) approved for solid oral formulations.'” The current
FDA guidance on establishing BE under fed conditions
generally recommends both fed and fasted BE trials for all
solid oral dosage form ANDAs, with few exceptions.18 Thus,
each submission was assumed to contain two trials. These
data indicate that, on average, 448 in vivo BE trials are
conducted per year in support of ANDAS. This value is likely
an underestimate in that it assumes no failed trials and does
not account for formulations that were once under develop-
ment but never submitted.

For New Drug Applications (NDAs), a calculation is more
complex due to the high attrition rate of new molecular entity
compounds.'? Between January 1, 2004 and December 31,
2008, there were 43 NDAs approved for solid oral formula-

(17) U.S. Food and Drug Administration. Drugs@FDA: FDA approved drug
products. http://www.accessdata.fda.gov/scripts/cder/drugsatfda (accessed
March 19, 2010).

(18) US Food and Drug Administration. Guidance for industry: Food-
effect bioavailability and fed bioequivalence studies. http://www.fda.
gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/
Guidances/ucm070241.pdf (accessed May 14, 2010).

(19) Kola, I.; Landis, J. Can the pharmaceutical industry reduce attrition
rates. Nat. Rev. Drug Discovery 2004, 3, 711-715.
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tions of new molecular entities.'” To determine the number
of in vivo BE trials per year for these products, the number
of compounds in development leading to 8.6 approvals/year
was determined as follows. The attrition rates determined
by Kola and Landis were assumed to be applicable.'® The
average time between the initiation of human studies and
approval is assumed to be approximately 8 years.”® It was
also assumed that no BE trials are conducted during the initial
year of human studies or in the last year, when the drug is
undergoing regulatory review; this essentially means that BE
trials are only conducted during phase II and III development.
Under these assumptions, 19.4 compounds would be in phase
IT and HI for each approval. A typical NDA submission
contains 3 to 6 BE trials,' so these trials are conducted at a
rate of 0.5 to 1 per year. Thus, to support the 8.6 approvals/
year for new molecular entities, 84 to 167 BE studies are
conducted per year (8.6 x 19.4 x 0.5 to 1). In addition,
between January 1, 2004, and December 31, 2008, there were
11.8 approvals/year for new salt forms, manufacturers or new
formulations.'” Assuming that, similar to ANDAs, at least
two in vivo BE studies are performed to support their
approvals, this represents an additional 24 studies/year. All
totaled, it is estimated that 555 to 639 in vivo BE studies
are performed each year.

Costs associated with 2-way crossover bioequivalence
trials were estimated for studies involving different numbers
of subjects. A value of 32 subjects was used for a typical
study.' The following sample sizes were used for various
HVD scenarios. Sixty-four subjects were used to characterize
a typical HVD study, since a typical HVD has an intasubject
RSME (log scale) of 0.325 and 64 subjects are needed for
at least a 90% probability of declaring BE with a true
difference of no more than 5%. For an extreme HVD
scenario, we estimated that, on average, 146 subjects are
needed to demonstrate BE between two products, as the 90th
percentile of HVDs have an intrasubject RSME (log scale)
of 0.5 and 146 subjects are needed for at least 90%
probability of declaring BE with a true difference of no more
than 5%.'> The estimated costs for these trials are ap-
proximately $320,000, $510,000 and $1,000,000, respec-
tively. These costs include expenses associated with clinic
use, drug assay, data management, programming, writing,
and monitoring.

Assuming that 31% of all drugs are highly variable'> and
that one-quarter of the HVDs and one-third of all others are
BCS class I (Table 1), one would expect to save between
66 and 76 million dollars each year in clinical study costs if
all class I compounds were granted biowaivers. Between 21
and 24 million dollars of these savings come from granting
biowaivers for HVDs. If BCS class IIT compounds were also
granted biowaivers, as is now allowed in EMEA guidelines,®
there is projected an additional savings of 62 to 71 million
dollars, with 9 to 10 million dollars coming from biowaivers
of studies of HVDs.

(20) Kaitin, K. I. Obstacles and opportunities in new drug development.
Clin. Pharmacol. Ther. 2008, 83, 210-212.
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There are further reasons to consider these as underesti-
mates of the true value of biowaivers. In the USA, if the
to-be-marketed formulation differs from the pivotal clinical
trial formulation, BE must be assessed to link the two
formulations.?" If BE trials are rate-limiting to filing (and
hence to approval), dissolution testing can be more rapid
than BE testing. It is estimated that there is a savings of at
least 6 weeks in development time between performing
dissolution tests needed for a BCS based waiver and the time
to perform an in vivo trial. Considering a drug with sales of
one billion dollars per year, this savings would generate an
additional 110 million dollars in sales. Direct development
costs are another consideration. The 85% failure rate for
drugs with CVs greater than 35% likely means that HVDs
undergo more BE testing than done for typical drugs. This
suggests that applying more biowaivers for HVDs will lead
to substantial savings, given the larger size of the trials and
the high numbers of trials being performed, both of which
prolong drug development.”” The fact that approximately
34% of these HVD compounds are highly soluble (Table 1)
suggests that there is a significant proportion of these
compounds for which BE should not be problematic and their
failure rate is unnecessarily high.

Of course, drug development based on BCS-based bio-
waivers nonetheless incurs costs, including solubility, perme-
ability, and dissolution studies. Assuming that 33% and 30%
of the annual 555 to 639 BE studies concern class I and III
drugs, respectively, and that a BCS-based study incurs a cost
of $50,000 to $100,000, about 2 to 4 million dollars is needed
each year to carry out BCS-based biowaivers (about equally
distributed between class I and III compounds). These costs
are considerably smaller than the annual savings through
reduced in vivo BE testing, which are between 66 and 76
million dollars for class I compounds and 62 to 71 million
dollars for class III compounds.

We admit that the scale of these direct cost savings are
modest, relative to the costs incurred across the entire
pharmaceutical industry, particularly since demonstration of
BE is but one aspect of the many activities within the
pharmaceutical industry. Nonetheless, we believe that op-
portunities to reduce regulatory burden and costs of conduct-
ing in vivo studies, and as well as the importance of
decreasing unnecessary human testing,>' support the need
for the pharmaceutical industry to become even more
efficient.'®?

Additionally, substantial indirect savings can occur if BE
studies are rate limiting to drug development. It is not unusual
for BE trials to be rate limiting for regulatory filing. Such
BE trials typically involve commercial formulation evaluation

(21) U.S. Government Printing Office. Code of Federal Regulations
Title 21--Food and Drugs. Part 320 -- Bioavailability and
Bioequivalence Requirements. http://www.access.gpo.gov/nara/
cfr/waisidx_03/21cfr320_03.html (accessed May 14, 2010).

(22) DiLiberti, C. E. Why bioequivalence of highly variable drugs is
an issue. Advisory Committee for Pharmaceutical Sciences
Meeting Transcript, April 14, 2004. http://www.fda.gov/ohrms/
dockets/ac/04/transcripts/4034T2.htm (accessed May 14, 2010).
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or manufacturing site transfer. In these cases, it is not
unreasonable to assume that in vitro BE results can be
obtained six weeks earlier than in vivo BE trial results. This
time savings translates into a potential additional 110 million
dollars in sales from a six week earlier approval of a drug
with eventual sales of 1 billion dollars a year. Further, by
not running a human BE trial, clinical resources are freed to
be applied elsewhere.

Other Considerations

While the focus of analysis here is to estimate economic
impact, it should be noted that the main rationale for BCS-
based biowaivers is that, in some situations, in vitro testing
is at least as good as in vivo testing in determining BE of
IR solid oral dosage forms, and sometimes better.” In
addition to reducing costs, in vitro studies can actually
be better than in vivo studies in some instances because
in vitro studies more directly assess product performance
and offer benefits in terms of ethical considerations. In
vitro studies more directly assess product performance
than do conventional human pharmacokinetic BE studies,
since in vitro studies focus on comparative drug absorption
from the two products, while in vivo BE testing can suffer
from complications due to its indirect approach. This
indirect nature of in wvivo pharmacokinetic testing is
especially evident from HVDs. We suggest that it makes
little sense, in evaluating BE of an IR solid oral dosage
forms of a class I or III drug, to prefer a human
pharmacokinetic study over an in vitro-based approach,
especially for HVDs that are class I or III and suitably
formulated (e.g., rapidly dissolving if class I and very
rapidly dissolving if class III). Regarding ethical consid-
erations, in vitro studies better embrace the principle “No
unnecessary human testing should be performed”?' and
can result in faster development.

In practice, a complete realization of benefits of BCS-
based biowaivers is not achievable as long as inter-
regulatory differences exist. For example, while the
USA,** EMEA,® and WHO?® allow dissolution-based

(23) US Food and Drug Administration. Critical Path Initiative
Challenges and Opportunities Report - March 2004. http:/
www.fda.gov/ScienceResearch/Special Topics/CriticalPathInitiative/
CriticalPathOpportunitiesReports/ucm077262.htm (accessed May
14, 2010).

(24) US Food and Drug Administration. Guidance for industry: Waiver
of In Vivo Bioavailability and Bioequivalence Studies for Im-
mediate-Release Solid Oral Dosage Forms Based on a Biophar-
maceutics Classification System. http://www.fda.gov/downloads/
Drugs/GuidanceComplianceRegulatoryInformation/Guidances/
ucm070246.pdf (accessed May 14, 2010).

(25) Anonymous. “Annex 7: Multisource (Generic) Pharmaceutical
Products: Guidelines on Registration Requirements to Establish
Interchangeability”. In WHO Expert Committee on Specifications
for Pharmaceutical Preparations: Fortieth Report; WHO: Geneva,
Switzerland, 2006, pp 347—390. http://whglibdoc.who.int/trs/
WHO_TRS_937_eng.pdf (accessed May 14, 2010).

biowaivers based on BCS classification, Japan does not.?®
Thus, in the absence of harmonization among worldwide
regulatory agencies with respect to criteria necessary to
obtain a BCS-based biowaiver, global pharmaceutical
companies will choose to demonstrate BE by a methodol-
ogy that will allow acceptance by any country. This
suggests that drug developers will continue to default to
human testing, although such testing is not necessarily
better, involves a higher cost, and puts participating
healthy volunteers at (minimal) risk. There is also histori-
cal reluctance within pharmaceutical companies to pursue
BCS-based biowaivers due to a perceived uncertainty of
regulatory success. For example between 2000 and 2009,
of 83 approved ANDAs for 16 different BCS class I drugs,
64 of these approvals were based on acceptable in vivo
BE studies, with only 19 were based on acceptable BCS
class I biowaiver requests. These data suggest that
regulatory uncertainty still exists regarding the feasibility
of submitting regulatory applications requesting BCS-
based biowaviers in lieu of in vivo BE studies. Thus, to
allay concerns about regulatory uncertainty, sponsors only
need to ensure that they are submitting petitions in
accordance with the FDA guidance.

It should be noted that the historical reluctance within
pharmaceutical companies to pursue BCS-based biowaiv-
ers appears to be diminishing. Although it has been 11
years since implementation of the BCS guidance, BCS-
based biowaiver requests have accelerated in only the last
couple of years. Since FDA first posted its BCS guidance
in 2000, it has designated 27 drugs as class I. Of these,
BCS class I designation arose from biowaiver requests in
14 NDAs, 10 ANDAs, and 3 Investigational New Drug
Applications (INDs). We are unaware of any case where
a product was approved on the basis of a BCS-based
biowaiver and then subsequently found to exhibit bio-
inequivalence in vivo (i.e., that prediction from favorable
BCS properties was incorrect).

In summary, the BCS is employed to provide biowaivers
for new and generic drugs that are BCS class I. Granting
biowaivers under systems such as the BCS eliminates
unnecessary drug exposures to healthy subjects, reduces
regulatory burden, and provides economic relief, while
maintaining the high public health standard for therapeutic
equivalence. International scientific consensus suggests
class III drugs are also eligible for biowaivers. The
objective of this study was to estimate the economic
impact of class I BCS-based biowaivers, along with the
economic impact of a potential expansion to BCS class
III. Methods consider the distribution of drugs across the
four BCS classes, numbers of in vivo bioequivalence
studies performed from a five year period, and effects of

(26) Japanese Institute of Health Sciences: Questions and answers to
Guideline for Bioequivalence Test on Oral Solid Preparation with
Different Drug Strengths and Guideline for Bioequivalence Test
on Oral Solid Preparation for which the Formulation has been
changed: http://www.nihs.go.jp/drug/be-guide/QA061124_ganryo_
shoho.pdf (accessed May 14, 2010).
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HVDs. Results indicate that 26% of all drugs are class |
non-HVDs, 7% are class I HVDs, 27% are class III non-
HVDs, and 3% are class III HVDs. An estimated 66 to
76 million dollars may be saved each year in clinical study
costs if all class I compounds were granted biowaivers.
Between 21 and 24 million dollars of this savings is from
HVDs. If BCS class III compounds were also granted
waivers, an additional direct savings of 62 to 71 million

1544 MOLECULAR PHARMACEUTICS VOL. 7, NO. 5

dollars may be realized, with 9 to 10 million dollars
coming from HVDs.

Abbreviations Used

BCS, Biopharmaceutics Classification System; HVDs,
highly variable drugs.
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