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Abstract: Cross-country variability in regulatory frameworks, industrial policy, physician/pharmacy
autonomy, brand/generic distinctions, and in the practice of medicine contributes to ambiguous
interpretations of pharmaceutical cost comparisons. Here we report cross-country comparisons that: (i)
focus on 11 therapeutic classes experiencing patent expiration and loss of exclusivity 2004-2010 in eight
industrialized countries; (ii) convert revenues and unit sales to cost per day of treatment and number
patient days treated using the World Health Organizations’ Defined Daily Dosage metrics; (iii) compare
patterns in costs per day of treatment with price index measures based on average price per day of
treatment for each molecule computed over all molecule versions; (iv) utilizing econometric methods,
model and quantify various factors affecting variations in daily treatment price indexes such as national
regulatory and reimbursement policy changes, physician/pharmacy autonomy, and other factors; and (v)
simulate changes in expenditures by country and therapeutic class had counterfactual policies been
implemented.
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l. INTRODUCTION AND BACKGROUND

Cross-country comparisons of various health care costs and prices have long been confounded
by substantial differences across countries and time in the baskets of health care services and products
consumed. Even when focusing on just one health care product component such as pharmaceuticals,
research by Danzon and various coauthors has documented that bilateral relative pharmaceutical price
comparisons across countries can be very sensitive to the choice of which country’s quantity weights are
utilized in the price index calculations." While index number formulae have been developed for pooled
cross-section time series multilateral price indexes (in which one region’s price index depends on its own
and all other regions’ quantity weights), as Deaton and Heston [2010] have emphasized in the context of
purchasing power parities, when substantial quantity weight differences exist both cross-sectionally and
intertemporally, the interpretation of an hypothetical “base-region” becomes inherently ambiguous and
uninformative. As a result, multilateral comparisons typically are anchored by specifying one region-
time period as the base against which various bilateral comparisons are made. Owing perhaps to their
inherent interpretive ambiguity, therefore, there is very little if any empirical literature on cross-country
health care cost comparisons based on truly multilateral price indexes.

A much narrower focus can, however, be informative. In the context of pharmaceuticals, various
researchers have examined generic efficiency rates (defined as, for a given chemical molecule, the
proportion of all brand plus generic prescription units that are dispensed as generic), and how they
evolve following loss of patent protection or other market exclusivity, along with variations across
therapeutic classes and regions; the literature reports both within-country? and cross-country
comparisons of generic efficiency rates and their evolution over time.® Factors identified as affecting
variations in generic efficiency paths include: price controls that keep branded prices relatively low and
thereby provide limited economic incentives for generic entry;* strategic efforts affecting barriers to
generic entry, such as advertising, proliferation of “branded generics”, line extensions, “evergreening”,
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patent challenges, and impact of parallel imports;® product liability provisions;® domestic industrial
policy promotion and costs of generic entry (market approval fees, costs of bioequivalence and drug
stability studies);” and the role of physicians vs. pharmacies in brand-generic decision-making.®

A related literature expanding beyond analyses of generic efficiency rates focuses on relative
brand/generic prices, brand pricing following loss of market exclusivity, average molecule price across all
brand and generic units prescribed following initial generic entry, and molecule-specific price indexes;’
obviously, since prices and quantities are jointly determined, this pricing literature encompasses generic
efficiency rates. A challenge facing these brand-generic analyses involves the fact that the distinction
between brands and generics is not always clear, both conceptually and empirically. In a number of
countries, for example, not only are there “parallel imports” — branded products sold at relatively low
prices in some countries, such as southern Europe, and then exported and resold at higher prices to
pharmacies in the UK and northern Europe — whose prices are generally in between generic and
“domestic” brand prices,'® but some manufacturers market “branded generics”. IMS Health defines
branded generics as non-originator products that are either: (i) novel dosage forms of off-patent
products, often in combination with another molecule; (ii) on patent with a trade name, but a molecule
copy of an originator product; (iii) off-patent with a trade name; or (iv) off-patent without a trade name
and from a single source or co-licensed.'* While in the US in 2009 the branded share of revenue dollars
was 76.9%, the branded generic share was 10.6% and the unbranded generic share was 12.5%,% in some
European countries the branded generic share is considerably larger than in the US."* How one classifies
parallel imports and branded generics in analyses of brand/generic prices is ambiguous, yet empirical
results are likely to be very sensitive to the allocation choice.

The variability across countries in regulatory frameworks, industrial policy, physician/pharmacy
autonomy and incentives, brand/generic distinctions, and in how medicine is practiced contributes to

making interpretation of cross-country pharmaceutical cost comparisons equivocal. Our goal in this

Page 3



research is to provide insights into cross-country comparisons by: (i) focusing on a number of therapeutic
classes of prescription drugs (11) that between 2004 and 2010 have experienced patent expiration and
loss of market exclusivity in eight industrialized countries; (ii) converting revenues and unit sales data to
cost per day of treatment and number patient days treated, summed and averaged over all molecules
within each therapeutic class regardless of brand/generic status, using the World Health Organizations’
Defined Daily Dosage (WHO DDD) metrics; (iii) compare trends across countries and therapeutic classes
over time in costs per day of treatment with measures based on price indexes, where the latter is based
on the average price per day of treatment for each molecule computed over all versions of the molecule
— brands, generics, branded generics and parallel imports — consistent with procedures employed by the
US Bureau of Labor Statistics;* and (iv) using econometric methods, model and quantify factors affecting
variations in price indexes per day of treatment across countries, therapeutic classes and time.

The outline for the remainder of this paper is as follows: In Section Il we begin with a description
of the underlying IMS MIDAS™ monthly data for eight countries and 11 therapeutic classes, January 2004
through November 2010, and describe the WHO DDD data. Then in Section Ill we summarize formulae
utilized to construct price indexes, and discuss the specification of our various econometric models. In
Section IV we first present average cost per day of treatment findings across countries, therapeutic
classes and time, and then in Section V we report econometric results at various levels of aggregation,
quantifying the impacts on price indexes of daily treatment of generic entry, various national policy
changes, pharmacy/physician autonomy, and other factors. In Section VI we report results on
expenditures by country and therapeutic class of alternative simulations involving market environment
and national policy changes. Finally, in Section VIl we provide a summary and interpretation of our
principal findings.

1. DATA
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Sales data are taken from the IMS Health MIDAS™ database, monthly January 2004-November
2010, covering eight countries: Canada, France, Germany, Italy, Netherlands, Spain, United States (US)
and the United Kingdom (UK). For each of these countries, we extract sales data for drugs in 11
Anatomic Therapeutic Chemical (ATC) classes at a mix of the three and four digit ATC, each having
notable patent expirations over the 2004-2010 time period: lipid regulators (ATC classes C10A, C10C and
C11), antiulcerants (A2B, including both H,-antagonists and proton pump inhibitors), antidepressants
(N6A4, N6A5 and N6A9 — selective serotonin reuptake inhibitors, selective norepinephrine uptake
inhibitors, other), antipsychotics (N5A, both typical and atypical), ace inhibitors (C9A and C9B, solo and
combination products), calcium channel blockers (C8A and C8B, solo and combination products),
osteoporosis (M5B3, M5B9, G3J and H4E), antiplatelets (B1C), beta blockers (C7A and C7B, solo and
combination products), non-narcotic analgesics (N2B), and antinauseants (A4A1, serotonin antagonist
antiemetic and other). Table 1 reports the ranking of these 11 classes in terms of class retail sales for
each of the eight countries in 2005. The 11 ATC classes represent eight of the top 12 retail classes in
2005, comprising the following proportion of total retail prescription drug sales: Canada 46%, France
34%, Germany 30%, Italy 32%, Netherlands 34%, Spain 35%, US 38% and UK 42%. We note in passing
that the antinauseants are relatively unimportant in all eight countries and overall, while the non-
narcotic analgesics are ranked relatively low except in France and the UK, where they are ranked 10"
and 11" largest, respectively. [Place Table 1 somewhere near here]

IMS Health MIDAS™ sales data in local currencies and extended units by form-strength are
derived from ex-manufacturer invoices; these data therefore reflect revenues received by
manufacturers, they exclude wholesale and retail margins, and therefore do not reflect actual
reimbursement by national health authorities or other insurers to the retail sector. The local currency
sales were converted to US dollars at constant exchange rates, as of November 2010, for all countries.

The MIDAS™ database distinguishes originator brands, parallel imports, and generics (including branded

Page 5



generics), and over-the-counter (OTC) vs. prescription-only drugs. We transform these sales data into
days of therapy utilizing the World Health Organization (WHO) Defined Daily Dosage (DDD) metric. The
WHO Collaborating Center for Drug Statistics and Methodology defines the DDD as follows:
“The DDD is the assumed average maintenance dose per day for a drug used for its main
indication in adults....It should be emphasized that the defined daily dose is a unit of
measurement and does not necessarily reflect the recommended or Prescribed Daily Dose.
Doses for individual patients and patient groups will often differ from the DDD and will
necessarily have to be based on individual characteristics (e.g. age and weight) and
pharmacokinetic considerations....Drug consumption data presented in DDDs only give a rough
estimate of consumption and not an exact picture of actual use. The DDD provide a fixed unit of
measurement independent of price and dosage form (e.g. tablet strength) enabling the
researcher to assess trends in drug consumption and to perform comparisons between
population groups....The DDD is nearly always a compromise based on a review of the available
information including doses used in various countries when the information is available. The DDD
is sometimes a dose that is rarely if ever prescribed, because it is an average of two or more
commonly used dose sizes.” ™
For our purposes, it is useful to note that the WHO DDD assigned to a drug is time invariant, and is
identical across countries and dosage strengths. While it would be preferable to utilize the IMS Health
daily average consumption (DACON) metric derived and updated from actual retail prescription data, as
in Berndt and Aitken [2011], currently IMS Health DACON data are only available for some countries, and
not for all those in our sample.
Extended units of a drug are divided by the WHO DDD, thereby converting utilization into days of
therapy. Sales of a drug by country converted to US dollars using constant November 2010 exchange

rates are then divided by days of therapy to obtain a measure of cost per day of therapy in US dollars. In
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our sample of eight countries and 11 therapeutic classes, utilization encompasses over 47 billion DDDs,
equivalent to 130 million patient-years. Cost per day of therapy and number of therapy days are
computed at both monthly and annual time periods.

Research by IMS Health has involved a comparison of costs of daily treatment based on US
DACON data versus that based on WHO DDD data, for seven selected therapeutic classes between 2006
and 2009."® A summary of the comparison is presented in Table 2. [Table 2 placed near here]

Several results are striking. First, there is no clear pattern in dollar levels — in five therapeutic
classes in all years (antidepressants, antiplatelets, calcium channel blockers, lipid regulators and
antiosteoporosis), DACON based daily treatment costs are greater than those based on DDD, whereas in
two therapeutic classes (antipsychotics and beta blockers) the reverse occurs. Second, there is no
obvious pattern between relative daily costs and relative levels of daily costs across therapeutic areas —
DACON based daily costs are less than DDD based costs for both the lowest cost therapeutic class (beta
blockers) and for the highest cost therapeutic class (antipsychotics). Third, the proportional differences
are not constant. Moreover, there is a clear pattern in differential growth rates. In therapeutic classes
where the DACON based daily treatment costs are greater than those based on DDD, the proportional
difference grows over time, with 2005 (2009) DACON/WHO DDD ratios being 1.22 (1.30) for
antidepressants, 1.22 (1.27) for antiplatelets, 1.41 (1.48) for calcium channel blockers, 1.09 (1.27) for
lipid regulators, and 1.00 (1.41) for antiosteoporosis drugs. In comparison, in therapeutic classes where
the DACON based daily treatment is less than those based on DDD, the proportional difference also
grows over time, with 2005 (2009) ratios being 0.75 (0.68) for antipsychotics, and 0.69 (0.62) for the beta
blockers. We conclude that while for data availability reasons we are forced to utilize DDD data,
research on differences in DDD vs. DACON based daily cost levels and growth rates merits additional
analysis. Given that the DDD values are time and country/region invariant, we will focus more on and

give greater credence to results based on growth rates than on levels.
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IMS Health compiles regulatory, national health policy, patient copayment, and national/regional
reimbursement change events as part of its monitoring in support of the IMS MIDAS™ database product.
For each of these events, we assign a +1 if we expect the policy to increase cost per day of therapy, a -1 if
we expect it to decrease the cost per day of therapy, and a zero if we expect it to have no impact on cost
per day of therapy; we also note the date of the policy event, and designate whether the impact is
market wide (across all 11 therapeutic classes), or specific to a given therapeutic class or drug. These
policy events are organized separately by country, and by therapeutic class. Appendix A provides details.

Finally, Danzon and Furukawa [2011] have argued persuasively that national health care
reimbursement systems can be distinguished based on whether brand-generic decision making is driven
largely by pharmacies or by physicians, with the former occurring when patients are incentivized with
lower copayments and pharmacies have incentives to purchase the lowest-cost generics available. By
contrast, when physicians typically prescribe a specific off-patent molecule by brand name or the
originator brand, generic suppliers are incentivized to compete on brand image rather than on price;
Danzon and Furukawa characterize such markets as physician driven. Although there are differences
among them, Danzon-Furukawa characterize the US, UK , Netherlands and Canadian markets as
pharmacy driven and Germany as becoming more so over time, whereas the other European markets in
our eight-country sample (France, Italy and Spain) are physician driven. They find costs are generally
lower in pharmacy driven markets, other things equal. We adopt the Danzon and Furukawa classification
scheme, but in addition characterize France as becoming pharmacy driven in 2006 (when pharmacies
were first given strong financial incentives to substitute generics for brands) and Germany in 2007.

1. METHODS
A. Construction of Alternative Price Indexes

We utilize alternative price index formulae to construct price index measures of the cost of a day

of treatment in therapeutic class k in a country n and period t. For country n, month t, we denote p,, as
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the cost per day of treatment with drug i belonging to class k, and (;,, as the corresponding quantity of

treatment days sold. The elementary unit in the various price index calculations is the average price of
the molecule over all its marketed drug formulations — brand, generics, branded generics and parallel
imports. Specifically, we compute a quantity and price for each molecule i and country n and period t,
such that the quantity of molecule i in country n at t is the sum of quantities of drugs d sold for that

molecule over its various marketed formulations, i.e., @int = Ydei Qant Where qan: is the quantity of drug

YdeiQdntPdnt
dint

formulation d and the corresponding price is pj,: =
Intertemporal fixed weight price indexes employ fixed weights over all time periods, whereas
chained price indexes update weights in each time period. We compute the chained Paasche, Laspeyres

and Fisher price indices for each therapeutic classK . The chained Laspeyres price index n,lmt uses one

period lagged quantity weights, and is defined for class k, country n and period t by:

1 !
Tint = Dick Wint Dint

where

dint—
Wilnt — int—1 )
YjekPjnt—1djnt-1

The corresponding chained Paasche price index n,fnt instead uses current period quantity weights, and is

defined by:
P _ p
Tene = Yick Wint Pint
where
p ___ Qint
Wine =

YjekPjnt-1djnt
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For comparison purposes we also construct fixed basis indexes taking the first period of US
consumption (January 2004) as the fixed reference time/region. The January 2004 US fixed basis

Laspeyres price index is calculated as

n _ !
Tgne = Diek Wiusi Pint »

while the January 2004 US fixed basis Paasche price index is constructed as

pl _ pl
Myne = z Wint Dint

i€k
where
1 qi
Wil;lt = e
YjekPjn1djnt

Finally, since the choice between the use of lagged or current quantity weights is somewhat

arbitrary, price index researchers frequently employ as a compromise the Fisher Ideal price index 7Z'kfm

which is defined as the geometric mean of the Paasche and Laspeyres indices:

fo_ p |
ﬂ-knt - \lﬂ-kntﬂ.knt

Employing these definitions, we normalize the chained price indices to one by country-
therapeutic class at the January 2004 initial time period. We note that in our descriptive analyses these
normalized price indexes are not comparable in levels across countries or across therapeutic classes.
However, they are useful when assessing the evolution over time of price indexes within each
therapeutic class and country. We also note that the fixed basis price indexes provide a possible
comparison across countries, within a therapeutic class.

B. Specification of Econometric Models

We specify various econometric models, at the level of the individual therapeutic class, the
individual molecule, and the individual drug. For example, for regressions at the therapeutic class level,
we estimate by ordinary least squares (with standard errors clustered at the country-class level)

regression equations of the following form, with one observation for therapeutic class k for the
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therapeutic class level regressions (implicitly constraining coefficients within a therapeutic class and drug

formulation to be identical across molecules and drugs):

log tynt = Pni + 8¢ + AXint + Ekne

where the X,y explanatory variables are defined as follows:

Therapeutic Class Level Explanatory Variables

Time trend

ac_price_impact

ac_price_impact_tcl

expired_cl

sh_expired

sh_expired_pharma

sh_expired_physic

Linear monthly time trend, January 2004 = 1, February 2004 = 2, etc.”

Index of regulatory events accumulated over time (-1, 0, +1 at each month
depending on whether policy event is expected to decrease, have no price
impact, or increase price, respectively) at all-country level

Index of regulatory events accumulated over time (-1, 0, +1 at each month
depending on whether policy event is expected to decrease, have no price
impact, or increase price, respectively) by therapeutic class

Indicator variable equal to one if at least one patent expired in the
therapeutic class, else zero

Share of drugs with expired patent within the therapeutic class

sh_expired interacted with indicator variable equal to one when country
generic substitution is pharmacy driven

sh_expired interacted with indicator variable equal to one when country

generic substitution is physician driven

The ¢, are country-class fixed effect components, capturing the effects of base-country

normalized price indexes being set to unity for each country-class in January 2004. Analogous

specifications are utilized in the molecule and drug-level regressions. In the context of chained price
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indexes, estimates of fixed effects have no ready interpretation. However, when a fixed base period in
one country is utilized in constructing the normalized price indexes (e.g., US January 2004 = 1.000 for
osteoporosis) that become the dependent variable in the, say, molecule level regressions, the country
and class fixed effects parameter estimates are each interpreted as relative to the US January 2004 level
for osteoporosis drugs. However, estimated coefficients on the time counter and X,,; variables in all the
normalized price regressions enable us to infer which regulatory events or other variables affected
prices, as well as the magnitude of such effects.

For the most disaggregated regressions at the level of drug formulation, several additional

explanatory variables are included in the specification, defined as follows:

Additional _Drug _ Level

Explanatory Variables

log_cost Log price index of cost of daily treatment

expired Indicator variable equal to one if drug patent has expired (else zero)
off_pat_mth Number of months since drug patent has expired (else zero)

otc Indicator variable equal to one if an OTC drug, else zero

generic Indicator variable equal to one if a generic, else zero

V. RESULTS: AVERAGE DAILY COSTS OF THERAPY BY COUNTRY, THERAPEUTIC CLASS AND
TIME
Detailed average daily costs of pharmaceutical treatment in US dollars by country, annually by

therapeutic class for 2004, 2007 and 2010, based on the WHO DDD metrics are presented in two panels
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of Table 3 —the first panel for Canada, France, Germany and Italy, and the second panel for Netherlands,
Spain, the UK and the US. The two panels contain a great deal of data, with patterns of results not
obvious at first glance.

As an initial step toward uncovering a set of “big picture facts”, we have undertaken several
unweighted arithmetic mean calculations involving countries and therapeutic areas. To gain a sense of
“country level effects”, for each country we have calculated the unweighted average of daily cost of
therapy over all therapeutic classes for 2004, 2007 and 2010 (taken from Table 3). Inspection of the
entries in Table 3 reveals a clear outlier — the antinauseants, which are likely utilized primarily in the
inpatient setting, and not via retail, although some retail sales do occur; recall from Table 1 that over all
countries, the antinauseants ranked 60" in ex-manufacturer revenues from the retail sector. Several
other patterns are evident. The antinauseants, antipsychotics and antiplatelet classes have the highest
cost levels in most countries, likely reflecting the fact that they each have several relatively new, patent-
protected products. In contrast, the ace inhibitors, beta blockers and calcium channel blockers all
contain very old drugs now subject to generic entry, and thus it is not surprising these classes have the
lowest daily cost levels. In between are the classes with a mix of old off-patent and new still patent-
protected products (antiulcerants, antidepressants, lipid regulators, non-narcotic analgesics, and
antiosteoporosis drugs), with daily cost levels in between, reflecting likely the varying vintage
composition of the drugs within each therapeutic class.

With these caveats in mind, we first compute annual average costs of daily therapy separately by
country but over ten therapeutic classes, excluding antinauseants, as well as over all 11 classes. Results
of these summary calculations are presented in Table 4. [Place Table 4 somewhere near here]

Several results are noteworthy. First, comparison of entries in the left panel (ten classes) vs. the
right panel (all classes) documents the outlier role played by the antinauseants: in 2004, daily cost levels

of therapy including the antinauseants results in daily costs three to four times larger than when they are
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excluded, although by 2010 these differences are generally smaller. Second, in 2004, 2007 and 2010,
over ten classes, the US and Canada are the highest ranking cost countries, whereas Germany and the UK
are lowest cost. However, ranked over all classes including the antinauseants, while the US is highest
and Canada second in 2004 and 2007, by 2010 US antinauseant prices have dropped sufficiently more
than in Canada (see Table 3), so that Canada becomes the highest cost country, with the US in second
place, while Germany remains third highest throughout the 2004-2010 time frame. Germany’s shift from
lowest cost country when antinauseants are excluded to third highest when they are included is striking.
While the UK is second lowest in price throughout the 2004-2010 time period when antinauseants are
excluded and remains so in 2004 and 2007 even when antinauseants are included, by 2010 over all
classes Germany rises to fifth place.

These very simple level calculations vyield interesting observations yet obfuscate many
phenomena, including in particular aggregating over diverse therapeutic classes having very different
levels and growth rates in daily costs of therapy. An alternative summary of cost of daily treatment
trends involves displaying 2004-2010 average annual growth rates (AAGRs) by therapeutic area and by
country; we do this in Table 5 below. The “ALL” column is the unweighted average of growth rates in the
same row over all eight countries, whereas the bottom two rows of Table 5 are the unweighted mean of
the growth rates in each country over all therapeutic classes (“All Classes”) and excluding the
antinauseants (“Ten Classes”). Since the overwhelming majority of AAGRs are negative, we highlight
positive AAGRs in italics. [Place Table 5 somewhere near here]

As seen in Table 5, while most AAGRs are negative, positive AAGRs are clustered in three
therapeutic classes — the antipsychotics, non-narcotic analgesics (that in some countries include OTC
sales), and antiplatelets; over all eight countries, these AAGRs are 0.88%, -1.10% and -2.67%,
respectively. The class with the next lowest decline in daily cost is the beta blockers, whose AAGR over

all countries is -4.56%; as seen in Table 3, in numerous countries in 2004 this class of drugs already was
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among the lowest daily treatment costs, and thus the room for further cost declines was somewhat
limited.  Five of the eleven classes experienced double-digit annual declines in daily costs, averaged
over all countries: ace inhibitors (-18.92%), the initially very high cost antinauseants (-14.31%),
antiulcerants (-12.90%), calcium channel blockers (-12.06%) and lipid regulators (-10.93%), each of which
experienced major patent expirations and generic entry. Two other classes having patent expirations
experienced slightly smaller but still substantial annual declines in daily treatment costs -
antiosteoporosis drugs at -9.31% and antidepressants at -8.17%. Finally, while the antinauseant levels of
daily treatment cost are outliers, as discussed above, they also experienced very substantial daily cost
declines between 2004 and 2010, and as seen in the bottom right hand corner of Table 5, unweighted
AAGRs over all classes at -8.55% are only about half a percentage point greater than when antinauseants
are excluded, -7.97%. The only country for which exclusion or inclusion of the antinauseants generates a
substantial difference is the US (-9.27% when included, -5.92% when excluded), so in the analysis that
follows we focus on results where they are included.

At the bottom of Table 5 we report country-specific AAGRs computed as unweighted averages of
growth rates across therapeutic classes. Although there are modest differences among them, the eight
countries can be divided into two groups — one group with very substantial daily treatment cost declines
(Netherlands with an AAGR of -14.96%, Germany -12.13%, UK -11.56%, and US at -9.27%), and the other
group with more modest declines (France -3.72%, Canada -3.84%, Spain -5.29%, ltaly -5.65%). Notably,
two of the four countries having the smallest declines have been characterized by Danzon-Furukawa
[2011] as being physician driven markets (Spain and Italy, and France until 2006), the exception being
Canada, whom they identify as being pharmacy-driven, while France became so in 2006. At the other
end, Danzon-Furukawa designate three of the four countries having the largest daily cost declines
(Netherlands, UK and US) as pharmacy driven, with Germany, the fourth, also becoming more pharmacy-

driven in recent years.
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As noted earlier, although these various unweighted mean level and AAGR calculations of daily
treatment costs are of great interest, they are inadequate in addressing issues of relative utilization, i.e.
they do not deal well with differential quantity weighting across therapeutic areas, countries and over
time. While economic statisticians attempt and to a considerable degree succeed in addressing
differential weighting issues by use of the various price index formulae discussed above, as we shall now
see, even with use of state-of-the-art price index formulations, econometric results and their
interpretation are still somewhat sensitive to index number formulation and aggregation issues.

V. ECONOMETRIC RESULTS ON INDEXES OF DAILY TREATMENT COSTS

We now move to a discussion of econometric findings utilizing indexes of cost of daily treatment
that take into account differential rates of utilization across therapeutic areas, countries and time, based
on economic index number formulations. As noted earlier, since there is no clear reason for preferring
one time period lagged versus current period weights, we employ the Fisher Ideal weights that are a
geometric mean of the one time period lagged (Laspeyres) and current period (Paasche) weights.
However, we table econometric results for various Laspeyres and Paasche indexes in Appendix B. [Place
Table 6 somewhere near here]

Our initial econometric specification involves use of the Fisher chained indexes where the
observations encompass 83 months (January 2004 thru November 2010), 11 therapeutic areas and eight
countries (except for Netherlands where data begin in December rather than January 2004, therefore 72
months), and each country and therapeutic has its own chained index, normalized to 1.000 in January
2004; in this first regression, fixed effects are specified as the interaction of country and class. Results
from two specifications are presented in Table 6. Estimated standard errors (clustered by country-class)
are in parentheses; parameter estimates statistically significant at the 10%, 5% and 1% levels are

designated with a *, **, and ***, respectively.
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In the first specification, the time trend is significantly negative, while the sh_expired estimate is
negative but insignificant. However, when the sh_expired variable is disaggregated into the share of
molecules expired in pharmacy vs. physician driven markets (column 2), the estimated coefficient on the
sh_expired_pharma variable is negative and statistically significant, whereas the negative estimated
coefficient on the sh_expired_physic variable is insignificant, consistent with the notion that pharmacy-
driven pharmaceutical markets are more effective at reducing costs than are physician-driven markets;
the time counter coefficient estimate is essentially unchanged. In terms of policy impacts, the estimate
on the accumulated policy variable is negative and trending toward significance at the country level in
both columns (recall that the policy counter assigns policy changes expected to reduce costs with a -1,
and policy changes expected to increase costs with a +1 — hence a positive coefficient estimate is
consistent with the direction of the hypothesized effect); at the therapeutic class level the estimate is

positive but insignificant in both specifications.

Tables B1 and B2 in Appendix B present findings when instead of the chained Fisher, the
Laspeyres and Paasche chained price indices are the dependent variable. Estimates on the pharmacy and
physician driven variables are similar to those with the Fisher index (negative and significant for
sh_expired_pharma, and larger in absolute value that for sh_expired-physic); estimates on the country
and therapeutic class accumulated regulatory policy variables are each positive but insignificant for the
Laspeyres index, while for the Paasche index the country accumulated regulatory negative estimate
becomes statistically significant at the 10% level. Estimates on the time trend term are negative and
significant.

The regressions reported in Table 6 have each country’s price index for all therapeutic areas set
to unity in January 2004. An alternative basing procedure is to have each country’s price index in all
therapeutic areas be relative to the US price index for that therapeutic area in January 2004, but still

retain country*class interacted fixed effects. Results from these alternative specifications for the
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Laspeyres, Paasche and Fisher price indexes are presented in Appendix Tables B3, B4 and BS5,
respectively. The results are qualitatively very similar to those in Appendix Tables B1, B2 and in Table 6
above. In particular, estimates on the pharmacy-driven generic share interaction variable are all
negative and significant, and larger in absolute value than that on the physician-generic share interaction
variable. Estimates on the monthly time trend are negative and highly significant. Estimates on the
accumulated policy change variables are mostly negative at the country level, varying in statistical
significance, but positive and insignificant at the therapeutic class level.

A somewhat simpler specification involves using the January 2004 US price index as the
reference base, replacing the 88 country*therapeutic class fixed effects with eight country and 11
therapeutic class fixed effects, but otherwise retaining the same set of explanatory variables. In this case
estimates on the country indicator variables should be interpreted relative to the US. Estimates with this
specification and the Fisher price index are presented in Table 7; estimates utilizing the Laspeyres and
Paasche indexes are given in Appendix Tables B6 and B7, respectively. [Place Table 7 near here]

As seen in Table 7, estimates on the time trend coefficient are negative, statistically significant,
and considerably larger in absolute value than in Table 6. Estimates on the pharmacy and physician
driven share generic variables remain negative, and while both are statistically significant, that on the
pharmacy-generic share variable is slightly larger in absolute value. In terms of country fixed effects (all
interpreted relative to the US), the estimated coefficient for Canada is positive but insignificant, while
that for France is negative and significant at the 10% levele; the increasingly negative estimates for Italy
are significant at the 5% level, and the ever larger successively negative estimates for Germany, Spain,
Netherlands and the UK are each significant as well, mostly at the 1% level In terms of the accumulated
regulatory policy variables, the estimate of the country level impact is negative in both columns, but

insignificant in column 2, whereas that at the level of the therapeutic class is positive but insignificant.
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The unit of observation underlying the coefficient estimates reported in Tables 6 and 7 is a price
index for a given therapeutic class, country and month. It is of course possible to avoid index number
issues entirely, and instead estimate models at the level of the individual molecule for each country and
month. This greatly increases the number of observation, from about 7,200 to about 200,000. When
estimated at this level of molecule detail, we can add several explanatory variables, including whether
the patent on that molecule has expired (Generic dummy, and then interacted with pharmacy or
physician driven market — Expired*pharmacy driven and Expired*physician driven), months since the
molecule has faced generic entry if that occurred during the January 2004 — November 2010 time frame
(Off_pat_mth), for those molecules already facing generic entry in January 2004 but whose patent
expiration date is unknown (Off _month_unknown), and an indicator variable equal to one if the
molecule is sold in an over-the-counter version (OTC dummy).

In Table 8 we report a variety of estimates based on alternative specifications with various
explanatory variables included, and several fixed effect specifications. Three alternative regression
specifications are estimated each with three alternative fixed effect specifications: With neither
molecule nor country*class fixed effects (Columns 1-3), only country*class fixed effects (Columns 4-6),
and only molecule across-country fixed effects (Columns 7-9). Although the relevant parameter
estimates are quite robust, here we focus our discussion on estimates in Columns 3, 6 and 9. [Place Table
8 somewhere near here]

Monthly time trend estimates are negative for every specification, and significant when
molecule fixed effects are included (Column 9