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Abstract
Background—Congress has authorized the U.S. Food and Drug Administration (FDA) to
provide industry sponsors with a 6-month extension of drug marketing rights under the Pediatric
Exclusivity Provision if FDA-requested pediatric drug trials are conducted. The cost and economic
return of pediatric exclusivity to industry sponsors has been shown to be highly variable. We
sought to determine the cost of performing pediatric exclusivity trials within a single therapeutic
area and the subsequent economic return to industry sponsors.

Methods—We evaluated 9 orally administered anti-hypertensive drugs submitted to the FDA
under the Pediatric Exclusivity Provision from 1997–2004 and obtained key elements of the
clinical trial designs and operations. Estimates of the costs of performing the studies were
generated and converted into after-tax cash outflow. Market sales were obtained and converted
into after-tax inflows based on 6 months of additional patent protection. Net economic return and
net return-to-cost ratios were determined for each drug.

Results—Of the 9 anti-hypertensive agents studied, an average of 2 studies per drug was
performed, including at least 1 pharmacokinetic study and a safety and efficacy study. The median
cost of completing a pharmacokinetic trial was $862,000 (range: $556,000–1.8 million). The
median cost of performing safety and efficacy trials for these agents was $4.3 million (range: $2.1
million–12.9 million). The ratio of net economic return to cost was 17 (range: 4–64.7).

Conclusion—We found that, within a cohort of anti-hypertensive drugs, the Pediatric
Exclusivity Provision has generated highly variable, yet lucrative returns to industry sponsors.
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In 1997, Congress passed the United States Food and Drug Administration (FDA)
Modernization Act. Section 505a of this act, known as the Pediatric Exclusivity Provision,
grants 6 months of marketing exclusivity to pharmaceutical companies in exchange for
testing the safety, efficacy, and pharmacokinetics of drugs currently used in the pediatric
population.1 Since its inception, sponsors have complied with 173 of the 297 written
requests for pediatric studies of on-patent drugs currently prescribed to children.2 This has
resulted in over 130 pediatric labeling changes to date.3 Between 1990 and 1997, only 11
agents had undergone sufficient testing of dosing, safety, and efficacy to qualify for and
subsequently undergo pediatric labeling changes.4

Despite the success of this provision (and its renewal under the 2002 Best Pharmaceuticals
for Children Act and most recently in October 2007), critics contend that the program yields
highly lucrative returns to the innovator drug industry. The benefits of 6 months of
marketing protection to the entire moiety are thought to greatly exceed the costs of
performing the pediatric studies. We recently evaluated the economic return of performing
pediatric trials across a broad range of therapeutic indications,5, 6 demonstrating that the cost
of performing pediatric clinical trials across a broad range of clinical areas was highly
variable. This prior study, however, examined the economic return associated with a single
drug per clinical indication. The generalizability of these findings within a single clinical
indication was not determined. In the present study, we examine the economic return and the
net return-to-investment ratio of clinical trials for multiple agents within a single clinical
indication. Furthermore, we provide a breakdown of the estimated costs of performing trials
in children based upon our cost modeling approach and identify potential predictors of cost
in pediatric hypertension studies.

Methods
Anti-hypertensive drug cohort

Between 1997 and 2004, the FDA received completed clinical study reports for 12
antihypertensive agents. The clinical study reports were submitted to the FDA under the
Pediatric Exclusivity Provision. Two of the authors (JL and DB) evaluated the clinical study
reports for the 12 anti-hypertensive agents, including 10 orally administered and 2
intravenously administered agents. Due to significant variations in trial design (i.e.,
assessments in the intensive care unit versus clinic, severity of illness, length of study),
intravenously administered agents were excluded from our analysis. The clinical study
reports for 1 of the orally administered anti-hypertensive agents were incomplete at the time
of our evaluation, and therefore this agent could not be used in our analysis. Of the
remaining 9 anti-hypertensive agents, clinical reports were separated by drug and type of
clinical study (safety and efficacy versus pharmacokinetic). Each anti-hypertensive drug was
studied in children with a safety and efficacy trial, as well as at least 1 pharmacokinetic
study. Pharmacokinetic studies were either single-dose or multi-dose. Bioequivalence or
bioavailability studies were often required if a new pediatric formulation was provided in the
trials; these studies were performed in adults. The bioavailability studies compared the
pharmacokinetics of suspension versus tablet formulation, while the bioequivalence studies
tested the pharmacokinetics of coated tablet versus small tablet formulation.
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Cash outflows
For an individual anti-hypertensive agent, the net economic return as well as the net return-
to-investment ratio was determined by first calculating estimates of cash outflow as
previously described.5 Cash outflows are approximations of the cost of performing a clinical
trial. These were generated by using commercially available trial cost estimator software
(Fast Track Systems, Inc., Conshohocken, PA). Total costs were generated as the sum of
contract research organization (CRO) costs, net pharmaceutical costs, per patient site costs,
and central laboratory costs. Central laboratory costs were estimated using an internal
pricing tool supplied by Covance Central Laboratory Services (Indianapolis, IN). The
Covance Central Laboratory cost estimation resource provides cost in an 8-service template,
including costs for database construction, transportation, laboratory services, and specimen
management, but excludes costs for drug manufacturing and drug packaging. Laboratory
testing that was not performed centrally—as specified by the clinical study reports—was
estimated as local laboratory testing costs and was included in the average cost per patient
visit. Total values were generated and included low, medium, and high cost estimates for
each trial. Reimbursements for participants were calculated using the trial cost estimator
software and included in total cost estimates. All costs for participation in PK studies were
assumed to be independent of those associated with efficacy studies.

High cost estimates were used to approximate cash outflow and were adjusted for inflation
(adjusted total cost) and totaled across trials for a single anti-hypertensive agent. Total
adjusted costs per anti-hypertensive agent were further adjusted for a tax rate of 30% to
obtain an after-tax cash outflow value. This value was used to determine the net economic
return and the net economic return-to-investment ratio per anti-hypertensive agent.

Cash outflow estimates were confirmed by a 2-person review. One author acquired values
for cost determinants from the study reports, and another reviewed the data and ensured that
the data were obtained correctly. All cash outflow estimates were evaluated for accuracy.

Cash inflows
Yearly sales data, derived from sales audit data (IMS Health, IMS National Sales
Perspective™, 2002–2004, extracted February 2005, Retail & Non-Retail, 2005–2006),
were obtained from IMS Health, Inc. (Fairfield, CT).7 All sales figures for the last 3 years
prior to patent expiration, the last 3 years for which data were available, or for years 2002 to
2004 were obtained. To avoid bias, sales figures were adjusted to a reference year of 2005
using pharmaceutical consumer price indices. The average of these values was obtained.
These values were discounted by 10% to reflect discounts to managed care. Sales estimates
were additionally discounted 8% per year to reflect the expected returns per year for an
individual agent. We also assumed a contribution margin of 50% (sales revenue minus
variable costs; i.e., for every $1 worth of product, the company pays an additional 50 cents
in variable costs) and a tax rate of 30% (industry range: 25–35%).8 Resultant adjusted values
were approximations of the after-tax cash inflow per each anti-hypertensive agent studied.

Net return calculations and procedures for minimizing error
Estimates of net economic return per drug were calculated based upon cash outflows and
cash inflows adjusted to their 2005 values. Net return-to-investment ratios were calculated to
reflect 6 months of marketing exclusivity by averaging cash inflows over 3 years to obtain
an estimate of average annual cash inflow and dividing this value by 2 to obtain a 6-month
estimate. The estimated cash outflow per drug was then subtracted from the 6-month cash
inflow estimate to calculate net return. Net return-to-investment per anti-hypertensive agent
was quantified by dividing net return by estimated cash outflow.
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Statistical analysis
All cash inflow and outflow data were imported into SAS version 9.1.3 (Cary, NC).
Summary statistics were provided for demographic and cost-related data, and a
nonparametric approach was employed when appropriate for small samples (Wilcoxon rank-
sum test).

Results
Study characteristics

Among the 9 orally administered anti-hypertensive agents, there were 24 clinical study
reports, including 9 safety and efficacy studies, 9 single-dose or multi-dose pharmacokinetic
studies, and 6 bioequivalence or bioavailability studies. Twenty-five percent of the studies
were bioequivalence or bioavailability studies and were performed in adults, while the
remaining studies (75%) were performed in children. Of the 9 anti-hypertensive agents
studied, 7 underwent successful labeling changes as a result of the studies.3, 9 Two drugs did
not undergo labeling changes and were found to have insufficient data to support safe and/or
effective use in children. Further studies were recommended for these 2 agents (Table 1).
These results may have been due to ineffective dosing.

Study reports summary
The 24 trials enrolled 2506 children. Twenty-one hundred children (84%) completed the
studies. Efficacy studies enrolled approximately 4 times as many children as
pharmacokinetic studies (efficacy = 1962, pharmacokinetic = 544). Approximately 20%
(399/1962) of children enrolled did not complete the efficacy studies, but nearly all enrollees
of the pharmacokinetic trials completed the studies (537/544; 99%). The median number of
enrollees per antihypertensive agent for all agents reviewed was 51 (range: 16–441), with a
median of 143 subjects (range: 110–441) enrolled in efficacy and safety studies and 30
subjects (range: 24–74) enrolled in pharmacokinetic studies (Table 2). The median duration
for all of the studies was 17.5 months (range: 5–50 months). The time to complete efficacy
studies was approximately 50% longer in duration than pharmacokinetic studies (median: 24
months vs. 16 months). The median duration of bioequivalence studies was 6 months (range:
5–7 months).

The median number of case report forms completed per child was 50, and the median
number of tables, figures, and listings per study was 51 for all studies. A subject visited a
study site a median of 7 times throughout a trial. Efficacy studies included a greater number
of tables, figures, and listings (107) than pharmacokinetic studies (27) (P = 0.0014).
However, there was no statistically significant difference in the number of case report forms
(P = 0.46) or in the number of visits completed by subjects (P = 0.48).

Study costs, sales, and cash flows
The median cost per written request to evaluate a particular anti-hypertensive drug in this
cohort was $6 million (range: $3.8 million–14.2 million). These costs included estimated
coordinating center, sponsor management, site payment, and central laboratory costs (when
applicable) adjusted to 2005 dollars. The median value to conduct efficacy and safety
clinicaltrials per drug was $4.3 million (range: $2.1 million–12.9 million), while a similar
estimate for pharmacokinetic studies was $862,000 (range: $556,000–1.8 million). The
median single- or multi-dose pharmacokinetic study cost was $1,117,092 (range: $634,396–
1.8 million), while the median cost for a bioequivalence or bioavailability study was
$731,856 (range: $555,663–862,457). The difference in study cost for single-dose or multi-
dose pharmacokinetic studies versus study costs for bioequivalence and bioavailability
studies was statistically significant (P = 0.026). The median cost per enrollee for efficacy
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studies was $31,546 (range: $18,941–$51,179), while the median cost per enrollee for
pharmacokinetic studies or bioequivalence/bioavailability studies was $28,982 (range:
$13,356–$47,311) and $30,071 (range: $23,851–$35,977), respectively. After-tax cash
outflow, study costs adjusted for inflation and an industry average tax rate of 30% were $4.8
million (range: $2.7 million–10.4 million).

Drug sales also varied extensively. The median annual sales value per drug was $687
million (range: $218 million–$2.4 billion). There were 2 blockbuster anti-hypertensive
agents with sales exceeding $1 billion (Table 3). The median 6-month cash inflow per drug
was $60 million (range: $17.5 million–$320 million).

Average sales by drug class were also variable, but formal significance testing of this
difference was not performed due to small sample sizes.

Net economic return and net economic return-to-investment
Net economic return for 6 additional months of marketing exclusivity varied by
antihypertensive drug but remained positive for all drugs for the 6 months of additional
exclusivity (Figure 1). Variation in net sales return greatly exceeded the variability in the
cost of performing clinical trials: the standard deviation for cash inflow was $93 million,
while the standard deviation in cash outflow per written request was $2.8 million. All
studies resulted in a positive net return according to our analysis during the 6-month period
of additional marketing exclusivity. The range in net return-to-investment after adjusting for
discounts, taxes, and inflation far exceeded the cost of studying the drug and ranged from
$14.5 million to $316 million (median: $53 million). For every $1 invested, 4 of the 9 agents
studied had a return of less than $10, and 5 out of 9 had a return of greater than $20 for
every $1 invested. The overall range was $4 to nearly $70 per $1 invested. Sensitivity
analyses that adjusted discount rates for values between 5% and 20%, as well as adjustments
in the contribution margin for values between 40% and 60%, also revealed positive net
returns for all anti-hypertensive agents reviewed (Figure 1, error bars).

Study cost predictors
Coordinating center, site management, and pharmaceutical costs generated using Fast Track
Systems revealed that, among these cost variables, coordinating research center (CRO) costs
comprised the greatest proportion of the total. Forty-one to 73% percent of the total cost for
studying an anti-hypertensive agent was related to coordinating center incurred costs (Table
3). A review of coordinating center costs revealed that, for the majority of studies, site
management and project management contributed the greatest percentage to the total cost
estimate (Table 4).

Discussion
Our study suggests that net economic return-to-investment within the single pediatric
indication of hypertension is strongly positive but highly variable. We found that of the 9
antihypertensive agents reviewed in this study, not one of the sponsors lost money by
participating in the Pediatric Exclusivity Program. Furthermore, we found that the net
return-to-investment as previously reported by Li et al. for a single hypertensive agent was
relatively low when compared with the estimated net returns within a larger cohort of anti-
hypertensive agents. Our most recent findings, coupled with our previous work, suggest that
variability in the net return-to-investment following participation in the Pediatric Exclusivity
Provision exists across and within clinical indications.

The benefits of examining a larger cohort of agents within a single clinical indication are not
limited to sample size, but include the ability to assess for variations in cost that may be
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temporally associated with the introduction of an agent into the market and also with the
popularity of its use among adults. One potential source of variation in the net return is
related to the degree to which an agent penetrates the adult market. There are an estimated
65 million hypertensive adults in the United States, in addition to the estimated 5 million
adults with clinical conditions such as heart failure who are also prescribed anti-
hypertensive agents.10, 11 Thus, economic returns on anti-hypertensive drugs are expected to
be high due to large sales volumes of agents while on patent. Agents such as CCB1 and
ACE2 experienced the greatest net returns-to-investment, with net returns in excess of $316
million and $160 million, respectively. Sales data suggest that either the agents were broadly
prescribed or that the inflow cost of such agents greatly exceeded that of other agents,
resulting in higher sales values. Another potential source of variation is the order in which a
particular agent is introduced into the market within a specific class of anti-hypertensive
drugs. It is probable that agents with the earliest patents are also the agents with the greatest
net return following exclusivity extension. ACE2 and ARB2 had earlier submission dates
(Table 1; patent extension given to the latest submission date). These 2 agents also had the
greatest net return-to-investment within their respective classes. Finally, variation in return
could also be due to lower costs associated with studying the agents with the greatest net
return and higher costs associated with studying drugs with the lowest net return. Overall,
there appeared to be no trend to suggest this finding, and furthermore, sales values greatly
exceeded cost values, and variations in sales greatly exceeded variations in cost.

Limitations
Limitations of our study include the number of agents available for study and the limits of
our market analysis. We obtained the study reports of all anti-hypertensive drugs that had
successfully undergone labeling changes (and 2 additional agents) prior to 2005. We
generated cost estimates using software that is commonly used to design budgets for
performing clinical trials. Attempts were made to limit measurement error by using a 2-
person review of the data. Sales data were derived from audit information, and all inflow
and outflow estimates were approximated in 2005 dollars in order to avoid bias. However,
our model is a market-adjusted account of the difference in inflow versus outflow costs as a
consequence of the exclusivity provision. It does not account for the returns required by
pharmaceutical companies in order to support the development of new drugs, costs of
formulation changes, marketing costs, distribution costs, or costs to society secondary to
delayed entry of generics. It also does not account for costs incurred by pharmaceutical
companies in choosing to develop 1 agent over another agent. Our model was limited by
additional assumptions. We assumed: (1) fixed costs associated with the introduction of
these pharmaceutical agents (i.e., warehouse construction, marketing research) occurred
early in the product life-cycle and therefore were assumed to be minimal during the
exclusivity period; (2) differences in incremental cash flow were more accurate predictors of
return from investment than net profit; and (3) estimates of net return could be obtained by
discounting tax-adjusted cost and sales values to the date of clinical study report submission
to the FDA for analysis. However, our estimates of incremental cash outflows and inflows
were consistent with previous estimates.4 Finally, we could not measure the potential gain to
patients and society by conducting these trials.

Perspectives
Despite the high economic return to industry, these studies have been performed for the
benefit of pediatric health and have provided necessary information for a significant
pediatric health problem. Historically, only 25% of drugs used in children have sufficient
labeling information to support their use in children.12 Insufficient labeling information has
contributed to off-label use of agents in children, subjecting them to potential adverse events
and to exposure to agents with unestablished efficacy. It is therefore important to provide
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appropriate labeling information to ensure benefits for this vulnerable population.4 Prior to
the passage of the Best Pharmaceuticals for Children Act and the Pediatric Exclusivity
Provision, legislation to encourage the testing of drugs in children was largely ineffective,
and few studies were completed.13 With the rising epidemic of childhood obesity, conditions
such as hypertension are increasing in prevalence, and now more than 10% of obese children
and 1.3–5.3% of non-obese children in the United States are hypertensive.14 When one
considers the potential impact of untreated hypertension, it is clear that proper testing of the
safety, dosing, and efficacy of antihypertensive agents in children is essential.15–18

Furthermore, uncontrolled hypertension in the pediatric population is associated with
increased morbidity in childhood.19

As a consequence of the 2002 Best Pharmaceuticals for Children Act, several
antihypertensive agents have now been approved for use in the pediatric population. Of the
138 labeling changes that have occurred, just over 5% are now approved for use as anti-
hypertensive therapies. Ideally all studies will result in labeling changes. However, of the 9
agents reviewed in this study, 2 did not. This is problematic because the likelihood that these
agents will be retested is minimal and the prospect of having the necessary safety, efficacy,
and dosing data to properly administer these agents to children, unlikely. However, in cases
where drugs do not undergo labeling changes, there should be more transparency about the
findings of the study. Greater transparency is necessary with regard to safety and/or lack of
efficacy. Currently, labeling information is publicly available on the FDA Web site.20

Passage of the Best Pharmaceuticals for Children Act and the Pediatric Exclusivity
Provision have resulted in the most significant increase in the number of label changes for
drugs commonly administered to children to date. Without this provision, few drugs would
undergo testing for safety, efficacy, and pharmacokinetics in the pediatric population. The
rationale for granting pediatric exclusivity independent of label changes is the value
associated with collecting information for use of agents in children in well-controlled and
designed trials.21 Previously failed efforts to encourage label changes and the tremendous
success of the Pediatric Exclusivity Provision suggest that society may need to bear the cost
of testing drugs in children under this provision in order to protect future generations.
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Figure 1. Dollars in net return for each dollar invested
Economics of 6-month period of marketing exclusivity per study request: net return-to-
investment ratio by anti-hypertensive agent. Error bars represent ranges in net return-to-
investment due to variations in discount rate (range: 5–20%) and contribution margin
(range: 40–60%) secondary to conducted sensitivity analyses.
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Table IV

Breakdown of study costs (efficacy studies only)

Contract research organization 70.5%

Site management 25.1

Project management 21.1

Travel 6.2

Data management 4.9

Manuscript preparation 4.9

Pre-study preparation 4.2

Randomization 2.4

Other 1.7

Sponsor 19.0%

Investigator site 10.9%

Central laboratory 1.7%

Sponsor costs are net pharmaceutical costs and represent the net costs of outsourcing clinical studies (external pharmaceutical costs) versus
performing clinical studies internally (internal pharmaceutical costs).
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