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Abstract Cross-national price comparisons for pharmaceuticals are commonly used for
two purposes. Comparisons based on a sample of products are used to draw
conclusions about differences in average price levels. Cross-national compari-
sons applied to individual products are also used by governments to set domestic
prices.

This paper examines the major methodological issues raised by international
price comparisons, focusing on measurement of differences in average price lev-
els and the validity of policy conclusions drawn from such price comparison
studies. It argues that valid measures of average price levels can only be obtained
from comparisons based on a comprehensive or representative sample of prod-
ucts, appropriately weighted, following standard index number methods. Com-
parisons of individual product prices should take into account the manufacturer’s
entire product portfolio over time rather than focus narrowly on a single product
at a point in time.

Because of the great variation across countries in both the range of drug com-
pounds available and the dosage forms, strengths and pack sizes for each com-
pound, obtaining a broadly comprehensive or representative sample is
problematical. If products are required to match on all dimensions, including
molecule, manufacturer, strength and pack, as is common in most international
price comparisons, then only a very small and unrepresentative sample of the
drugs available in each country can be included in the analysis. A trade-off be-
tween the desire to compare only identical products and the need to compare a
truly representative sample of a country’s pharmaceutical market is therefore
necessary. Avalid comparison of average drug prices should include generics and
over-the-counter products that are good substitutes for branded prescription
drugs, with all forms, strengths and packs. To achieve this broad representation,
however, the requirements of same manufacturer, same brand, dosage form,
strength and pack size must be dropped.

When such an approach is taken to the comparison of international drug prices,
quite different results from those obtained from less comprehensive comparisons
may be obtained. Indeed, a major conclusion of this analysis is that international
drug price comparisons are extremely sensitive to choices made about certain key
methodological issues, such as sample selection, unit of measurement for price
and volume, the relative weight given to consumption patterns in the countries
being compared, and the use of exchange rates or purchasing power parities for
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currency conversion. In particular, the results of this analysis indicate that
recent reports suggesting that manufacturer prices in the US are 32% higher
than in Canada and 60% higher than in the UK are in fact overstatements which
arise from limitations of the sample and methods used to calculate these price
differentials.

International price comparisons for pharmaceu-average price levels, the comparison must use a
ticals are used for 2 primary purposes. First, pric&éomprehensive or representative sample of prod-
comparisons based on a sample of products argts. Instead, most previous studies have focused
used to draw conclusions about differences iron small samples of leading, branded, on-patent
average price levels, often as input to evaluatiomprescription (Rx) drugs. If individual product
of alternative regulatory systems for drug pricesprices are to be compared, comparisons based on
For example, the General Accounting Officethe manufacturer’s entire product portfolio and
(GAO)1-2 studies comparing prices in the US withwhich take into account lifetime trends are more
those in Canada and the UK, respectively, wer@ppropriate than comparisons that focus narrowly
used in the healthcare reform debate in the USon a single product at a point in time. The portfolio
Second, cross-national comparisons applied to inapproach recognises that many costs of pharma-
dividual products are used by governments — foceutical research and development (R&D)and pro-
example, in Italy, Spain, The Netherlands andduction are joint costs that cannot be allocated to
Canada- for setting domestic prices, usually for individual products. Appropriateness of prices de-
newly launched products. pends on the return on capital, which depends on

This paper examines the major methodologicalife-cycle revenues for the full portfolio.
issues raised by international price comparisons. Meeting the objective of a comprehensive or
Our focus is mainly on the first question, i.e. thebroadly representative sample raises particular
measurement of differences in average price levelgroblems in the case of drugs because of the great
We illustrate some of the issues using Intercontivariation across countries in the range of com-
nental Medical Statistics (IMS) data for 7 countriespounds available and in the dosage forms, strengths
and comment on the validity of policy conclusionsand pack sizes for each compound. As we show, a
that are often drawn from such studies. While tharade-off is unavoidable. If products are required to
cross-national comparison of prices for a singlematch on all dimensions, including molecule, man-
drug for purposes of price regulation appears to bafacturer, strength and pack, as is common in most
methodologically simpler, it is in fact far more previous international price comparisons, then
complex when placed in the policy context of set-only a very small and unrepresentative sample of
ting appropriate prices. We also briefly summarisehe drugs that are available in each country can be
the normative analysis of determining appropriaténcluded in the analysis. We show that with even
price differentials between countries, an issughe broadest reasonable definition of matching
which is discussed in more detail by Dan#¥n.  drugs, requiring only that drugs have the same ac-

Our main conclusions about broad comparisonsive ingredient and therapeutic category, almost
of average price levels are based on standard imalf of the market in France, Germany, Italy and
dex number theory. To provide a valid measure oflapan cannot be included in comparisons with the

1 President Clinton's Health Security Act (1988)pro- A major conclusion of this analysis is that inter-
posed a similar system, i.e. use of the lowest price in 22 other

countries as a benchmark for evaluating the ‘reasonablenesg_"i_tlonal drug price comparisons are eXtreme!y sen-
of new drug prices in the US. sitive to choices made with respect to certain key
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methodological issues, such as sample selectiomrice to manufacturers. For each drug, the study
unit of measurement for price and volume, the relselected a single dosage form, strength and pack
ative weight given to consumption patterns in thesijze that was common in the US. This was com-
countries being compared, and the use of exchangsared with an imputed price for a similar pack in
rates or purchasing power parities (PPPs) for curcanada, based on the Ontario Drug Benefit formu-
rency conversion. Given the inherent cross-naiary. Since most of the Ontario formulary prices
tional differences in drug markets, there is no sinyyere per unit (tablet or capsule), a price per pack
gle ideal measure of price differences. But while,; ¢ imputed by multiplying the per unit price by
all such comparisons are imperfect, certain meth;[he number of units per pack. This linear imputa-

ods are more inappropriate thgn others, depend'nﬁ’on tends to understate prices in Canada, since the
on the purpose of the comparison. formulary price is usually based on the largest pack
) ) size which has the lowest unit price.
1. Previous Studies For the US-Canada comparison, GA@sed 2

Index number theory provides widely accepted™easures of average price: (i) the (unweighted)
methods for comparing average price levels in 25UM of prices in the US relative to the sum of prices
different contexts. These standard methods aré Canada, and (ii) the median of price relatives.
used by statistical agencies worldwide to construct he first measure is generally not invariant to the
their own indexes of change over time in domesticnits of measurement, a desirable property of index
price leveld>6l The same principles apply to com- numbers. Diewel notes that for this reason, ‘vir-
parisons of drug prices across countries, althougkually no one usesHis) formula .... at present’. The
the implementation is more problematical. How- median of the price relatives is unstable across
ever, most previously published studies that atsamples because it focuses on the single product
tempt to compare average price levels for drugshat happens to be the median in the sample se-
cross-nationally violate basic index number prin-lected. The deficiencies of this methodology were
ciples, because of either neglect or lack of dataimplicitly recognised in the UK study (GA®),
Most studies have been based on small samples gfhich constructed a weighted average using ap-
leading, branded, Rx drugs, with each drug repreproximate US expenditure weights. Although the

sented by a single pack. By construction, such samsynenditure weights pertain to all packs, the price

ples are not representative; in particular, they eX;, aach country was based on a single pack, so

clude generic and over-the-counter (OTC) drugssgjection bias remains because of use of a nonran-

that are important substitutes for branded Rx drug%10rn sample of drugs and probably a nonrepresen-

in some f:ountrles. Weighting has been either 'Iative pack for each drug. To illustrate the effect of
nored or inaccurate.

GAO!-2 set out to compare manufacturer pricesgenerics, the UK study substituted one generic for

in the US with those in Canada and the UK, reSpeCgach multisource branded product. The correct ap-

tively, for the leading 200 drugs in the US, by 1991pr0ach would include all generics, We|ghteq by
volume of scripts. Only 121 and 76 drugs for Can_market share. The focus o'n Igadmg products |q one
ada and the UK, respectively, met the matchingc_ountry Ieagls to systematl_c bias, because theilden-
criteria (which included availability from the same tity of leading products differs across countries.
manufacturer in both countries) and hence could hese and other issues in previous studies are dis-
be included in the study. For the US, the measuréussed elsewhef&?!

of manufacturer price used was a wholesale list The GAO concluded that manufacturer prices
price, which is gross of the discounts and rebate# the US are 32% higher than in Canada and 60%
given to managed care, Medicaid and other largdrigher than in the UK. Our results indicate that these
purchasers, and hence is upward biased for the n@AO estimates overstate the US price differential,
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particularly for Canada, in ways that are not sur-First, it weights the prices of individual products
prising given the limited sample and methods.  based on quantities of the country selected as the
base, for which accurate data are more likely to be

2. Principles of Price Comparisons available if this is the country undertaking the
study. Second, if drug consumption is inelastic
2.1 Basic Price Indexes with respect to changes in relative prices, because

of the role of medical norms, etc., then the

Aprice index is designed to measure the changeaspeyres index, which uses the base country’s
in the average price for a market basket of productguantity weights, may be more appropriate for that
in 2 situations, the base and the comparison, whegountry than the Fisher index, which implicitly as-
prices for most products differ between the 2 situsumes that consumption patterns would be identi-
ations. An ideal price index measures the change igal in the 2 countries under comparison if they
expenditure required for a consumer to maintain gaced the same prices. Multilateral comparisons
constant level of utility, when faced with a new raise more complex theoretical probléfisand
price vector. The problem is that when pricespractical problems of noncomparable data. Here
change, quantities and utility also change. Unforwe report results for all 3 indexes.
tunately, utility and the hypothetical expenditure
and quantities that would just maintain the base 22 sample Selection Bias
level of utility under the new price vector are not
observable. Actual index numbers therefore make 2.2.1 unavoidable Sample Selection Bias
use of the observable quantities and expenditures Prices can only be compared for ‘international’
to approximate the ideal index. The widely useddrugs that are available in both countries under
Laspeyres index uses the base period/countrgomparison. In practice, a significant fraction of
quantity weights, the Paasche index uses the conmeach country’s drug expenditure is on ‘domestic’
parison period/country quantity weights, and theproducts that are used in few, if any, foreign
Fisher and Divisia indexes use an average of theountries and hencemaot be included in cross-
observed quantities as weights. national price indexes. Indexes that necessarily ex-

Different indexes can be evaluated according talude a significant fraction of the market in any
whether they have certain desirable propdft#@sll  country will be biased if prices for the omitted,
An advantage of the Laspeyres and Paasche irdomestic products are systematically different
dexes is that they bound the unobservable, idedtom prices for the included international products,
index. A disadvantage of the Laspeyres andwhich is likely. Products that diffuse to many coun-
Paasche indexes is that they are intransitive, i.e. thigies are disproportionately innovative produéts;
product of the indexes for the US relative to Francdhey are likely to have relatively high prices or vol-
and for France relative to Germany does not yieldimes, hence may have a significant effect on drug
the index for the US relative to Germany. Both alsoexpenditures and be more stringently regulated.
fail the country reversal test, i.e. the results depend’he potential bias associated with omitting domes-
on which country is used as the base. The Fishetic drugs from the price comparison is therefore
index, which is the geometric mean of the probably greatestin countries with regulated prices
Laspeyres and Paasche indexes, is also intransitivend a large market share of domestic drugs, such
but passes the country reversal test. For exampl&s France and Italy.
the index for the US is the reciprocal of the index The problem of nonmatching products in inter-
for Canada: bs = 1/F. national price comparisons is sometimes addressed

Despite this theoretical advantage of the Fisheby imputing prices for the missing products. For
index, the Laspeyres has both practical and theoexample, in constructingPPs, the Organisation for
retical advantages for comparisons of drug pricesEconomic Coopetin and Development (OECD)
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bridging methodology applied to multilateral com- ferent path in different countries, this is likely to
parisons imputes prices for drugs that are missingntroduce age-related bias that can severely bias
based on prices for products that match in at least orthe conclusions about average price leVéldzor
bilateral comparison. However, the assumptionexample, Japan has relatively high launch prices
which underlies bridging methods, i.e. that thebut the post-launch decline in prices in that country
missing items would have price relatives similar tois steeper than in most other countHé€sConse-
those of the matching items, may be reasonable foquently, using a representative sample of drugs
some industries but is almost certainly incorrect forwith Japan quantity weights leads to the conclu-
drugs. It is more likely that certain drugs are un-sions that Japanese prices are comparable with Eu-
available in particular countries because thes&opean prices, whereas a comparison that is re-
drugs would not meet that country’s regulatory re-stricted to selected, recently launched products
quirements or medical norms. Moreover, to con-might conclude that Japan has relatively high
struct weighted price indexes as reported hererices!!”!

would also require imputing quantities for missing _

drugs, which is clearly inappropriate. We therefore 2:2.3 Nonmatehing Forms and strength :

X . X The ideal unit for comparing prices is a quality-
do r_10t attempt to impute prices when 'Fhey aré ungsnstant course of therapy. In fact, the range and
avaﬂaple and do r_10t recommend_ such |mputat|onsmix of dosage forms, strengths and pack sizes dif-
preferring to confine the comparison to those COMyq, significantly across countries. Most existing

pounds_that are ot_)served N _bOth countrl_es unde§tudies compare the price for a single pack for each
comparison, even if the resulting sample is small.

product, usually selecting a typical pack in the base
country. But this pack may be atypical or totally

2.2.2 Avoidable Sample Selection Bias unavailable in other countries; even if it is avail
The unavoidable selection bias that results be- ’

cause some products are unavailable in some couﬁl—ble' the distribution of pack sizes and iheir rela-

tries is exacerbated in many studies by inappropriyve prices may differ, leading to differences in

ately restrictive sample selection from the universethe weighted average price. For example, pack-

of matching products. In particular, most previoussplitting by pharmacists, who buy large packs and

comparisons have excluded generics, although gé{be': dllspense Sm?"fr: qllje;ntmgstr:o Slg'vt')dltjal pa;
nerics account for over one-third of Rx sales in €' t: IS commonin the and the s, butis no

some countries and a larger share of scripts. Ex'c-)erm,lltte;]j In Franch:e and Germanky, _whlclththconse-
cluding generics is inappropriate if the aim is to quently have smaller average pack size. € com-
compare the average cost of drug therapy, sincBarson s rgstrlcted toa S"_‘g'e pack per drug that
generics are chemically close substitutes for thdS |dent!cal |r;hall reS_FiTts n thle _countnes u|r|1de:j
originator brand and indeed are treated as perfecc[omparlson, € avallable sample IS very smafl an

substitutes by third-party payers in many coun-unrepresentative. Imputation based on price per

tries. Such exclusion leads to systematic bias irgi” is often used but leads to bias if the relation

comparisons of average price levels because gene etween unit price and volume is nonlinear be-

ics are typically cheaper than their branded counCauseé of economies of scale in packaging and/or

terparts. In particular, exclusion of generics tendsVOIume discounts.
to bias upwards the measure of relative prices in
countries that have a relatively large generic mar-
ket share and/or relatively low generic prices, such If the policy concern is with the budget impact
as the Ugt4.19 of pharmaceuticals to payers and consumers, the
Several studies confine the comparison to leadeomparison should be based on retail prices,
ing drugs and/or recently launched drugs. Since thencluding payments by payers and any patient
life-cycle price profile for drugs follows a very dif- co-payment. However, retail prices include whole-

2.3 Producer vs Consumer Price Levels
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sale and retail distribution margins, which differ ~ Our sample includes generic and some OTC
significantly across countries and can account foproducts for both theoretical and practical reasons.
over 50% of the final retail price. Value-added Theoretically, it is appropriate to include generics
taxes may also be included. Thus, a comparison adind those OTC products that are close substitutes
retail prices provides at most a very inaccuratefor originator, Rx drugs. As a practical matter, ex-
comparison of manufacturer price levels. cluding OTCs would be problematical because a
A comparison of manufacturer prices is of inter-given drug may be Rx in one country and OTC in
est if the policy concern is with the contribution of another. Since OTC status is only reported in our
manufacturer prices to the cost of drug therapy talatabase for two countries, we cannot systemati-
consumers. Given this objective, standard con<ally identify OTCs. However, our sample selec-
sumer price index methods applied to manufaction criteria are expected to eliminate most of the
turer prices provide the appropriate methodology.OTCs that are more appropriately viewed as ‘con-
sumer products’ rather than medicines, through the
3. Data and Methodology exclusions of multiple molecule products and
products that do not match across countries. We
Any international price comparison must define also excluded products with sales of less than 1000
the sample, the unit for measuring price and volpacks, less than 1 kilogram of the active ingredient,
ume, and the criteria for matching drugs acrosr missing data on key variables.
countries. In all of these choices there is a trade-off:
the more precisely the unit of measurement is de- 3.2 Definition of Product and
fined (same compound, same manufacturer, same Matching Criteria
dosage fo'rm, pack size .and strength), in order to Many molecules are available as different prod-
assure strict comparability of the products across :
ucts produced by multiple manufacturers, and most

countries, the smaller and less representative is the . : :
fraction of each country’s market that can be in_products are available in several different dosage

. . . . forms, strengths and pack sizes. As shown below,
cluded in the analysis because of differences in . ; : .
If the unit for comparison is the product, defined

product mix. The problem compounds as rnoreby manufacturer, molecule, dosage form and pos-

countries are included in the comparison. We |IIu_s—sibly also strength and pack, then only a very small

Lr;tr:agtlr'l;leged;:210|ces and the trade-offs that A5k action of the dr_ug market in each country is avail-
' able for comparison.

We use 2 criteria for defining the unit of obser-

vation and matching across countries to illustrate

The indexes reported here are based on IMS daltge SaWP'.e attrition that resglts from narrow prod-
for sales of cardiovascular products for the year.UCt defnjmons. These are discussed in the follow-
October 1991 to September 1992. Prices are at tH8Y sections.
manufacturer level, except that for the US these 3.2.1 International Product Name
data overstate net prices to manufacturers because This criterion defines the product by the IMS
they are reported gross of discounts to managethternational product name (IPN). IMS assigns 2
care and other large purchasers, and sales througiioducts the same IPN if 2 of 3 conditions are met:
mail-order, health maintenance organisations(i) same chemical composition, (ii) same brand
(HMOs), supermarkets and other nonpharmacyame, and (iii) same corporation, including major-
outlets are omitted. We select only single moleculdty-owned subsidiaries. The IPN definition, which
products. Multiple molecule products are excludedmatches products across countries only if they have
because the relative mix of the active ingredientdhe same manufacturer or brand name, eliminates
is not uniform across countries. all licensed products that the licensee sells under a

3.1 Data
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different brand name from the originator. Also skewed, reflecting differences in potency across
eliminated are all generics, except the unbrandedrugs.

generics with unknown manufacturer, for which  Both the price per standard unit (PSU) and PKG
IMS assigns the chemical name as the IPN. Theneasures permit aggregation over all dosage forms,
IPN definition thus systematically excludes a largestrengths and packs, thus avoiding the sample attri-
and nonrandom subset of products. tion and selection bias that arise if comparisons are
restricted to a single pack per drug. We also report
indexes based only on matching forms/strength to
illustrate the effects of more strict comparability. We
calculate the weighted average price fora MOL/ATC

3.2.2 Molecule + Therapeutic Category
Our second definition identifies the product by
the active ingredient (molecule) and 4-digit ana-

tomical therapeutic class (MOL/ATC). Because . .
P ( ) as total sales for all products in the MOL/ATC di-

the MOL/ATC criterion does not require the same®;
manufacturer or brand in order to match productsVIOIeOI by total number of SU (for PSU) or total grams

across countries, all forms of a given molecule in-Of active ingredient (PKG). This approach implic-

cluding generics and licensed products can be conjlly 1gnores real or perceived differences be-

bined to form a weighted average price pertween generically equivalent products with identical

MOL/ATC. We required that a molecule be Classi_a(:tiveingredient and therapeutic category, in order to

fied into the same therapeutic category to be Coni_nclude licensed products and generics that are pro-

sidered the same product, because market and real—JceOI by differ_ent cqmpanies in dif_ferent countr_ies.
ulatory factors may differ across therapeutic, An alternatlve, _vwdely used unit of comparison
categories. However, the results are virtually uniS the defined daily dose (DDD), defined as the

changed if we drop the ATC requirement and de_number of grams for either a normal dose or a rec-
fine the product simply as the molecule ommended dose. This measure was not available

in our data. Because DDDs as commonly defined
3.3 Unit of Quantity and Price do not require equipotency or adjustment for dif-

ferences in duration of treatment, they suffer from
The ideal unit would be a quality-constant limitations (lack of strict comparability) similar to

(equipotent) course of therapy for a given drug,those of the SU and KG measures used h&re.
which should be applicable to all dosage forms and

strengths. Such ideal units are not observable. 3.4 Indexes

The IMS data offers 3 possible measures that
meet the criterion of being available for all dosage We report indexes for bilateral comparisons of
forms and strengths: the number of IMS standardeach country relative to the US, to preserve sample
units (SU), number of grams (KG) of active ingre- size. If the comparison were based on products that
dient, and number of packs. Of these, we use Sldre available in all 9 comparison countries, the
and grams because these most closely approximagample would be restricted to relatively old, global
the equipotency criterion. IMS defines an ‘SU’ asproducts.
one tablet, one capsule, 5 millilitres of a liquid etc,  To illustrate the effects of weighting, we report
as a rough proxy for a single dose. To the exten8 indexes for prices in each country relative to the
that average strength per pill differs systematicallyUS. Specifically, the Laspeyres index uses US
across countries, these two measures yield differquantity weights, the Paasche index uses foreign
ent estimates of price differences, as shown belowguantity weights, and the Fisher index is the geo-
There is no stron@ priori reason for preferring metric mean of the Laspeyres and the Paasche in-
one of these measures over the other. In practicelexes. The unweighted mean of the price relatives
the price indexes based on price per gram (PKGis also reported. Separate indexes are reported for
are more sensitive to the sample of drugs includedegtail pharmacy and hospital sales, because hospi-
because the distribution of PKG is more highlytal sales are unregulated in some countries that
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regulate retail sales and are subject to differentien and Switzerland. Similarly, more than two-

competitive pressures. thirds of the molecules available in Canada, the UK
and Sweden are also available in the US. By con-

4. Comparison of Market trast, fewer than 40% of the molecules available in
Characteristics Germany, France, Italy and Japan are also available

Table | reports descriptive statistics of theinthe US. This demonstrates the importance of do-

market in each country. The greater number O{nes\;[\ﬁmolehcullepsl\llnc;[h?sg_mar_kets. d hi
molecules in Germany, Japan, Italy and France en the efinition Is used, matc.mg
than in the US reflects the large number of domesProducts account for less than 50% of sales in the

tic molecules in these countries. In the US, the higtPS for 5 of the 8 countries. However, using the
number of products per molecule reflects primarilyMOL/ATC definition, more than 90% of the US
generic competitors, whereas comarketing agreetnarket is included in all countries except Sweden.
ments with local companies are probably a morel he additional 40% (approximately) of the US
common reason for multiple products per moleculemarket that can be included by using MOL/ATC
in countries with strict price regulation. Between matching represents licensed products and branded
50 and 60% of molecules available in the US aregenerics. The gain in representation from matching
also available in all foreign countries except Swe-on MOL/ATC rather than IPN is less for other

Table I. Effects of alternative matching. Single molecule cardiovascular drugs, 1992 pharmacy

us Canada Germany? France Italy Japan UK Switzerland Sweden
Number of products
Local products 710 157 619 263 365 449 176 160 109
IPNP 354 140 535 250 345 437 163 139 99
Molecules 105 66 198 150 154 158 93 97 60
Products per molecule 6.76 2.38 3.13 1.75 2.37 2.84 1.89 1.65 1.98

Percentage of molecules that match
Molecules available in the US

% match® 50 61 51 54 56 59 43 41
Molecules available in foreign country

% match? 79 32 36 37 37 67 46 72
Percentage of sales on matching products: A. Total product €
US sales

IPN match 73 45 47 53 42 53 48 39

MOL/ATC match 94 96 95 97 95 96 91 76
Foreign sales

IPN match 81 26 31 34 32 69 57 60

MOL/ATC match 97 61 47 58 57 89 74 92
Percentage of matching sales: B. Dosage forms '
US sales

MOL/ATC match® 76 82 74 78 62 67 51 71
Foreign sales

MOL/ATC match 76 35 34 41 35 60 51 47

Data are for former West Germany only.

IPN = International Product Name (IMS) = same chemical and brand or manufacturer.
The % of molecules available in the US which are also available in the foreign country.
The % of molecules available in the foreign country which are also available in the US.
Aggregated over all dosage forms.

Matched dosage forms.

MOL/ATC = molecule and therapeutic category.

Q " 0o o 0 T o
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Table Il. Price indexes relative to the US, single molecule cardiovascular drugs. All dosage forms. 1992 pharmacy

Index us Canada Germany France Italy Japan Switzerland Sweden UK
Matched by IPN

Laspeyres-KG 1.000 1.062 0.816 0.426 0.611 2.789 0.625 0.718 0.720
Laspeyres-SU 1.000 0.969 0.754 0.620 0.865 0.713 0.791 0.653 0.686
Paasche-KG 1.000 1.046 0.542 0.378 0.418 0.987 0.574 0.562 0.606
Paasche-SU 1.000 0.973 0.308 0.447 0.488 0.555 0.688 0.542 0.620
Fisher-KG 1.000 1.054 0.665 0.401 0.505 1.659 0.599 0.635 0.661
Fisher-SU 1.000 0.971 0.482 0.526 0.650 0.629 0.738 0.595 0.652
Unweighted-KG 1.000 1.009 0.888 0.398 0.566 1.157 0.727 2.277 0.791
Unweighted-SU 1.000 0.948 0.824 0.459 0.651 0.498 0.743 0.780 0.707
N2 354.000 68.000 41.000 37.000 48.000 33.000 39.000 37.000 68.000
Matched by MOL/ATC

Laspeyres-KG 1.000 1.166 0.882 0.502 0.704 1.191 0.747 0.871 0.646
Laspeyres-SU 1.000 0.954 0.828 0.659 0.920 0.740 0.885 0.694 0.587
Paasche-KG 1.000 1.016 0.560 0.449 0.504 0.868 0.644 0.677 0.459
Paasche-SU 1.000 0.908 0.587 0.595 0.656 0.620 0.833 0.667 0.463
Fisher-KG 1.000 1.088 0.703 0.475 0.596 1.017 0.693 0.768 0.544
Fisher-SU 1.000 0.931 0.697 0.626 0.777 0.677 0.859 0.680 0.521
Unweighted-KG 1.000 2.166 1.940 0.636 0.961 3.728 1.389 1.184 0.805
Unweighted-SU 1.000 1.627 1.865 0.707 1.080 0.877 1.566 1.027 0.795
Na 105.000 52.000 64.000 54.000 57.000 59.000 45.000 43.000 62.000

a N refers to number of distinct dosage forms/strengths, not number of molecules.

IPN = International Product Name (IMS); KG = kilogram; Laspeyres = US quantity weights; MOL/ATC = molecule and therapeutic category;
Paasche = foreign quantity weights; SU = standard units (IMS).

countries than for the US, because of their relasignificantly increased to include generics and li-

tively large market share of domestic molecules.censed products if the unit of analysis is defined in
Even with MOL/ATC matching, more than one- terms of active ingredient and therapeutic category
third of sales in Germany, Japan, Italy and FrancéMOL/ATC), regardless of manufacturer or brand.

represents products that are not marketed in thAlthough the implicit assumption that generics and
US. Since these domestic products are necessariligensed products are perfect substitutes for origi-
excluded from cross-national indexes, such innator products is only approximately accurate, the
dexes may not accurately represent the overal‘iraqe'Oﬁ in_terms of representgtiveness and elimi-
price level in countries with a significant market nation of bias seems worthwhile.

share for domestic products. If the requirement that

products have the same dosage form and strength 5 price Indexes

(regardless of pack size), as well as same

MOL/ATC, is added, representation of the USmar-  Taple II reports the various price indexes for

ket drops to under 80% for all comparisons excepgach country, relative to the US, using both PSU
Germany, and representation of foreign marketsand PKG. Although there are 354 IPNs in the US,
drops below 50% in 5 of the 8 countries. fewer than 50 of these are available to match in 6
These data clearly show that differences inof the 8 foreign countries. Although the reported
product mix and dosage forms in different nationalnumber of observations appears smaller for the
markets lead to unavoidable limitations in cross-MOL/ATC indexes, in fact a much larger number
national price comparisons. Representation can bef products is included, because each MOL/ATC
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observation is the weighted average over all prodused, but 66% more expensive than the US with the

ucts in that molecule/therapeutic category. Fisher-KG index. This 90 percentage point differ-
ence reflects the use of relatively low strength dos-
5.1 Effects of Weights ing in Japan, such that a given KG of active ingre-

The Laspeyres indexes consistently exceed thg'em requires more units (pills). Two reasons are

Paasche indexes (table Il). This pattern, namel)?ommonl.y given for the relat|v_ely vyeak QOS|ng n
Japan. First, because of physiological differences,

that a country’s price level appears lower if evalu- . .
N . . the Japanese are said to require weaker doses to
ated using its own quantity weights rather than the

: ) o : ._achieve a given therapeutic effect. Second, drug
comparison country’s quantities, is observed in

studies of other industries and is known as theconsumptlon IS reIanngy high in ‘_Japan, n part b?'

) cause Japanese physicians profit from dispensing

Gerschenkron effect. In our data, it occurs regard- )

drugs. Weaker doses provide some safeguard

less of the country selected as the base. One coré— ainst adverse drud interactions

tributing factor is the first ‘law’ of demand, i.e. that 9 9 '
countries consume relatively more of the products

that are relatively inexpensive in that country.

However, in Germany, Japan and Italy, the differ- Table 1l shows the effect of dropping the re-
ence between the Laspeyres-KG and the P.aas?haijirement that products match on manufacturer or
KG indexes of at least 20 percentage points |mpI|eBrand name, thereby expanding the sample to in-

very different consumption patterns in these COUN¢Iude licensed drugs and branded generics. As pre-

tries compared with the US, presumably reflectingviously discussed. for each MOL/ATC unit, the

differences in medical norms, preferences, thlrd'price is the volume-weighted average price over all

party relmbgrsement, etc., rather than simply re, roducts within the molecule and 4-digit therapeu-
sponse to price differences. To the extent that cros%)

ion diff f ¢ ic category. Thus, the change in number of items
country consumption difierences reflect 1actors;, e jnqex (N) understates the gain in number of

other than price differences, equalising price IevelqOCaI products and volume of sales included.

would not equalise cpnsumption patte.rns. In that The MOL/ATC indexes in table Il are expected
case, th.e effect ofa price change fora_gwen count% show higher foreign prices relative to the US
A._ ach|eved, ftor e;ample,lzybregulatlon base(tj Ionthan the IPN indexes, assuming that generics have
prices in country b = wou € more accura eyrelatively low prices and a larger market share in
the US than in most other countries, and that the

. : . an D¥ttect of adding branded generics dominates the
either thg Paasche or,the Fisher mdexeg, which Itfect of adding licensed products. This hypothesis
flect foreign country B’s consumption weights, and

A is generally confirmed. Increases are larger using
hence implicitly assume that country A would

doot trv B’ " ft it th the Laspeyres-KG index, which incorporates only
adopt country bs consumption patterns it they o g quantity weights. The relatively small in-
faced the same prices.

crease for Canada and Germany and the decrease

for the UK are not surprising, since these countries

also have large generic market shares. Matching on
For a given sample and choice of index (for ex-MOL/ATC brings Japan much more into line with

ample, Laspeyres or Paasche), the PSU and PK@Gther countries and probably reflects the inclusion

measures can differ because of systematic differof licensed products that are excluded under IPN

ences in strength (grams per standard unit) betweematching.

the 2 countries under comparison. The difference Table Il further illustrates the sensitivity of con-

is most dramatic for Japan, which appears 37%elusions to the unit of measurement. In Canada, for

cheaper than the US when the Fisher-SU index iexample, the Fisher-KG index is 1.088, whereas

5.3 Effects of Product Definition and Sample

5.2 PSU vs PKG

[ Adis International Limited. All rights reserved. Pharmacoeconomics 1998; 14 Suppl. 1
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Table 1. Price indexes relative to the US single molecule cardiovascular drugs. Matching dosage forms only. 1992 pharmacy

Index us Canada Germany France Italy Japan Switzerland Sweden UK
Matched by MOL/ATC

Laspeyres-KG 1.000 1.067 0.798 0.464 0.735 1.117 0.779 0.719 0.752
Laspeyres-SU 1.000 0.934 0.717 0.640 0.862 0.650 0.883 0.683 0.594
Paasche-KG 1.000 1.003 0.815 0.423 0.741 0.895 0.686 0.685 0.255
Paasche-SU 1.000 0.896 0.715 0.498 0.885 0.469 0.857 0.729 0.456
Fisher-KG 1.000 1.034 0.807 0.443 0.738 1.000 0.731 0.702 0.438
Fisher-SU 1.000 0.915 0.716 0.565 0.873 0.552 0.870 0.706 0.521
Unweighted-KG 1.000 1.446 1.805 0.643 1.144 1.401 0.775 1.386 0.934
Unweighted-SU 1.000 1.616 1.640 0.651 1.120 0.883 1.356 1.116 0.819
N2 59.000 59.000 59.000 56.000 48.000 49.000 40.000 39.000 64.000

a N refers to number of distinct dosage forms/strengths, not number of molecules.

KG = kilogram; Laspeyres = US quantity weights; MOL/ATC = molecule and therapeutic category; Paasche = foreign quantity weights; SU
= standard units (IMS).

the Fisher-SU index is 0.931. This 16 percentage When our preferred MOL/ATC product defini-
point gap indicates that cardiovascular drugs ardéion and the Laspeyres-KG index (table Il) are
typically weaker in Canada than in the US. Simi-used, the foreign price differentials relative to the
larly, Japan is 1.7% more expensive than the USJS are: Japan +19.1, Canada +16.6, Germany —
based on PKG, but 32.3% cheaper based on PSU1.8, Sweden -12.9, Switzerland -25.3, Italy —
because average strength per dose is lower in Japa®.6, the UK —-35.4 and France —49.8. With the
The indexes that show the largest increases ikaspeyres-SU index, all countries are less expen-
foreign prices relative to the US, under MOL/ATC sive than the US but the range is smaller, with the
rather than IPN matching, are the unweighted pric&/K lowest at —41.3%. These estimates overstate
relatives, which now exceed 1.000 for all countriesUS Prices relative to foreign prices because of the
except France, the UK and Italy. These unweighte@mission from the US data of discounts to man-
means are extremely unstable and do not satisfy tHd€d-care and government purchasers and sales
country reversal test. through ma|l-o.rder and HMQS, which are gener-
Of our indexes, the Laspeyres-KG indexes WithaIIy at lower prices than retail pharmacy sales.
the IPN definition are most similar to those used in
GAO,12 pecause these IPN indexes require the
same manufacturer. Significant differences re-

main, however. For example, our indexes are Con- rapje || reports the MOL/ATC indexes for the
fined to cardiovascular products but incorporate algample confined to matching forms/strengths, but re-
matching products, including generics, within the i5ining aggregation across pack size. Products are
cardiovascular category. With these caveats, thg, s more closely comparable but there igaif-
differences are worth noting. Our indexes imply cant decline in the number of molecules repre-
that Canadian prices are 6.2% higher than USented and market coverage (table 1). When ta-
prices, whereas the GAO concluded that US pricegles Il and Il are compared, matching on dosage
are 32% higher than Canada (or Canadian priceform generally reduces price differences (the in-
are 24% lower than the US). We find that UK pricesdexes move closer to unity) but not always. For
are 28% lower than the US, whereas the GAO reexample, the German Fisher-KG index increases
ported that US prices are 60% higher than the UKrom 0.703 to 0.807, and the Italian index from
(or UK prices are 37% lower than the US). 0.596 to 0.738; the Canadian Fisher-KG index

5.4 Matching on Dosage Form
vs Product Totals
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Table IV. Price indexes relative to the US single molecule cardiovascular drugs. All dosage forms. 1992 hospitals

Index us Canada Germany Italy Japan Switzerland UK
Matched by MOL/ATC

Laspeyres-KG 1.000 1.242 0.677 0.582 1.389 1.044 0.978
Laspeyres-SU 1.000 0.971 1.014 0.883 0.974 1.409 1.983
Paasche-KG 1.000 0.750 0.543 0.472 1.022 0.903 0.740
Paasche-SU 1.000 0.460 0.554 0.498 0.626 0.871 0.734
Fisher-KG 1.000 0.965 0.607 0.524 1.191 0.971 0.851
Fisher-SU 1.000 0.668 0.749 0.663 0.781 1.108 1.206
Unweighted-KG 1.000 3.866 1.253 0.988 1.664 1.847 1.947
Unweighted-SU 1.000 4.370 1.600 1.222 1.305 2.423 2573
NP 93.000 40.000 44.000 38.000 54.000 23.000 36.000

a Data are not available for hospitals in France and Sweden.

b N refers to number of distinct dosage forms/strengths, not number of molecules.

KG = kilogram; Laspeyres = US quantity weights; MOL/ATC = molecule and therapeutic category; Paasche = foreign quantity weights; SU
= standard units (IMS).

drops from 1.088 to 1.034 but the Fisher-SU indexand weaker strengths than retail pharmacy sales.

declines from 0.931 to 0.915. The most likely explanation for this greater
difference between the hospital and pharmacy
5.5 Pharmacy vs Hospital indexes for Canada than for other countries

appears to be differences in reimbursement incen-
Table IV reports indexes for hospital sales withtives; differences in product mix no doubt also play
MOL/ATC matching, which may be compared arole, but such differences are likely to occur in all
with the indexes for retail pharmacy sales in tablecountries?
II. The hospital samples are smaller, with fewer
matching molecules that meet our minimum vol-
ume screens. Conclusions are also more tentative
because of greater potential for bias due to discrep- | international price comparisons are used to
ancy between list and transactions prices. In thgegylate domestic prices for individual products,
US, discounts are probably more common in thene gpjective of such comparisons should be to es-
hospital sector than in retail pharmacy sales. SinCgyjish price differences that are roughly consistent

discounting also occurs in some foreign hospitalWith appropriate price differences in order to

sales, the direction of bias is less clear than for_ _ . o N

e : achieve welfare-maximising contributions to the
pharmacy sales, where omission of discounts Un: -+ costs of R&D — so-called Ramse ricifl
ambiguously biases upward the measure of us yp '

prices relative to foreign prices. 'I;]he optlmlal_ pnce_dlffe:ent_la_lg depfend mversfely.on
To the extent that generics in the US have gne underlying price elasticities of demand for in-

larger share of hospital sales than pharmacy sale§0vative medicines, which presumably depend on
hospital indexes are expected to show higher forincome, tastes and other factors. Approaching the
eign prices relative to the US. This is confirmed forProblem of international price comparisons from
Japan, Switzerland and the UK. For Canada, théhe perspective of optimal price differentials sug-
Laspeyres indexes are higher for hospitals than for

. . .2 Canadian hospitals are reimbursed by fixed annual bud-
pharmacies, but the Paasche indexes are Slgmféets which create incentives to cut pharmacy costs. Out-

cantly lower, particularly ona _PSU baSi_S- This SUGpatient drugs are reimbursed fee-for-service, and physicians
gests that drug consumption in Canadian hospitalgay have greater prescribing freedom and be under less
is more concentrated on lower priced moleculespressure to make price-sensitive choices.

6. Comparison of Individual Products
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gests certain useful methodological guidelines. Inrbrand name by multinational manufacturersin dif-
particular: ferent countries. However, such products account
» Comparisons should be limited to countries thatfor only a small fraction of total pharmaceutical
are similar with regard to the factors likely to salesin all countries.
affect demand elasticity for innovative pharma-  Although a perfect price comparison is not possi-
ceuticals. ble, certain methods are better than others. A valid
+ Comparisons should be based on the full portcomparison of average drug prices should include
folio of the manufacturer’s products, taking into generics and those OTC products that are good
account life-cycle price profiles. Since many substitutes for branded Rx drugs, with all forms,
costs are joint costs for a portfolio of products,strengths and packs, appropriately weighted by
optimal Ramsey pricing would allocate thesemarket shares. To achieve this broad repre-
joint costs across products differently in differ- sentation, requirements of same manufacturer,
ent countries, if their relative price elasticities game prand, dosage form, strength and pack size
differ across countries. The return on these join{y st he dropped. We show that for cardiovascular
costs depends on life-cycle revenues for the engr g5 examined here, matching on molecule and
tire portfolio. _ therapeutic category, and measuring price per dose
* Exchange rates are the relevant basis for curg, her gram of active ingredient, permits over 90%
rency conversion, because exchange rates dete& sales to be included for the US, the UK and
mine the .innovator firm’s actual net FeVENUES canada, and over two-thirds for most other coun-
:reonr: fo;i:?r;lesrfclgsﬂ:g :g{;ieozodu%TeSt'c tc.lgr'_tries. Requiring the same manufacturer or brand
ency, an . ry contri ureduces representation to less than 50% of the
tions to financing R&D. Moreover, if foreign

. o market for most countries. Relaxing product defi-
prices are converted at PPPs, opportunities for. . . o
itions to include similar forms of the same mole-

parallel trade occur whenever exchange rates fall _ _ . . .
relative to PPPY! cule is consistent with the growing practice of

third-party payers in many countries, i.e. reimburs-
ing at a common reference price for all generically
equivalent drug$.

Expanding the comparisons to multilateral

The main conclusion from this analysis is thatcomparisons — for example, EU-wide — rather than
there is no single, right measure of internationalthe bilateral comparisons reported here, would re-
price differences for drugs. Results are very senquire restricting the comparison to drugs available in
sitive to methodological choices with respect toall countries, which would further limit the size and
unit of observation (product or molecule), cri- representativeness of the sample. Moreover, the issue
teria for matching across countries and impliedof weighting, which has been shown to critically af-
sample, unit for measuring price (standard unitfect results even ibilateral comparisons, is more
gram or some other measure), and weights. Nonproblematical in mltilateral comparisons.
of the available options on any of these issues is For the purposes of drawing policy conclusions,
ideal. These unavoidable problems arise becausgrice comparisons raise more questions than they an-

of the difference in range of products, dosageswer. Price indexes are designed to measure average
forms, strengths and pack sizes of drugs in dif-

ferent countries. This implies a trade-off: if prod-3 Many state Medicaid and private managed care plans in

ucts are required to be identical in all respects ithe US reimburse only for the generic, and require that the

. . consumer pay the difference if they want the brand. Similar
order to be included in the sample, then the poprovisions apply in the reference price system in Germany,

tentially matching sample is restricted largely toyhe Uk National Health Service and some Canadian provin-
global, branded products sold under the sameial health plans.

7. What Inferences, if Any,
Can be Drawn?
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price differences, not to identify the causes of those >

price differences. At most, as shown above, a com-

parison across different indexes caggest the ef- 6.

fects of certain factors, such as consumption patterns

(weights), average strength per dose, mix of dosagesr.

forms, strengths and pack sizes. Taidg the role
of costs and other factors, multivariate regression
analysis is necessary. For example, Man$hgs-
timates the contribution of liability rules to US-
Canada price differences; Danzon and ¢%4o
show the effects of number of competing products
and other factors.

Just as regulation is only one factor contributing
to price differences, price indexes similarly\pdz
at best a partial measure of one effect of regulation.
The effects of price regulation on innovation and
productivity are discussed elsewhé&®?ll The
evidence here does suggest that regulation might
affect the market share of domestic products rela-
tive to international products. Whereas more than
90% of US retail pharmacy sales are for com-
pounds available in all the other countries in this

study, and hence presumably significant com- 15.

pounds, more than 40% of sales in Germany,

France, Italy and Japan are for compounds not marg,

keted in the US, which is generally considered to
be the most desirable market if regulatory require-

ments for proof of efficacy can be met. The effect 17.

of price regulation on consumption patterns is an
important topic for further research.
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