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Abstract
Background: The increasing cost of clinical research has significant implications for public health, as it affects drug com-
panies’ willingness to undertake clinical trials, which in turn limits patient access to novel treatments. Thus, gaining a bet-
ter understanding of the key cost drivers of clinical research in the United States is important.
Purpose: The study which is based on a report prepared by Eastern Research Group, Inc., for the US Department of
Health and Human Services, examined different factors, such as therapeutic area, patient recruitment, administrative
staff, and clinical procedure expenditures, and their contribution to pharmaceutical clinical trial costs in the United
States by clinical trial phase.
Methods: The study used aggregate data from three proprietary databases on clinical trial costs provided by Medidata
Solutions. We evaluated per-study costs across therapeutic areas by aggregating detailed (per patient and per site) cost
information. We also compared average expenditures on cost drivers with the use of weighted mean and standard devia-
tion statistics.
Results: Therapeutic area was an important determinant of clinical trial costs by phase. The average cost of a Phase 1
study conducted at a US site ranged from US$1.4 million (pain and anesthesia) to US$6.6 million (immunomodulation),
including estimated site overhead and monitoring costs of the sponsoring organization. A Phase 2 study cost from
US$7.0 million (cardiovascular) to US$19.6 million (hematology), whereas a Phase 3 study cost ranged from
US$11.5 million (dermatology) to US$52.9 (pain and anesthesia) on average. Across all study phases and excluding esti-
mated site overhead costs and costs for sponsors to monitor the study, the top three cost drivers of clinical trial expen-
ditures were clinical procedure costs (15%–22% of total), administrative staff costs (11%–29% of total), and site
monitoring costs (9%–14% of total).
Limitations: The data were from 2004 through 2012 and were not adjusted for inflation. Additionally, the databases
used represented a convenience, that is, non-probability, sample and did not allow for statistically valid estimates of cost
drivers. Finally, the data were from trials funded by the global pharmaceutical and biotechnology industry only. Hence,
our study findings are limited to that segment.
Conclusion: Therapeutic area being studied as well as number and types of clinical procedures involved were the key
drivers of direct costs in Phase 1 through Phase 3 studies. Research shows that strategies exist for reducing the price
tag of some of these major direct cost components. Therefore, to increase clinical trial efficiency and reduce costs, gain-
ing a better understanding of the key direct cost drivers is an important step.

Keywords
Clinical trial cost, cost drivers, clinical procedure costs, site retention costs, site monitoring costs, administrative staff
costs

Background

One of the major barriers to conducting clinical
research in the United States is its high cost. Studies
estimate that it now costs somewhere between
US$161 million and US$2 billion to bring a new drug
to market.1–3 One particularly well-known and often-
cited paper by DiMasi et al.1 arrives at a total pre-
approval cost estimate of US$802 million in 2000
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dollars to develop a single drug (inflated to 2012 dol-
lars, this estimate is US$1.07 billion).1,4 More recent
estimates of drug development costs are around
US$1.3 billion to US$1.7 billion.5

Although experts debate the accuracy of various
cost estimates, there is widespread agreement that clini-
cal trial costs are substantial and rising. According to a
2007 article as cited by Collier,5 the average cost of
developing a drug had risen at a rate 7.4% higher than
inflation over the past two decades, mostly due to ris-
ing clinical trial costs. Costs also tend to increase as an
investigational drug progresses through each phase of
the pipeline, and, as the Institute of Medicine notes,
Phase 3 clinical trials have become ‘‘extraordinarily
expensive.’’1,2,6

While the reasons for these high costs are manifold,
a few key trends stand out. One contributing factor is
the productivity of the drug industry in past years.
High levels of investment in research and development
have yielded so many drugs that companies are now
finding it difficult to develop truly innovative pharma-
ceuticals. As a result, most new drugs are actually just
variations of existing drugs, intended to be only incre-
mentally more effective or safer than those already on
the market and so require larger trials to identify small
but statistically significant benefit. In addition, there
has been a shift in the biopharmaceutical industry
toward chronic and degenerative disease research. The
growth in the number and proportion of older consu-
mers has resulted in a shift in the leading causes of
death from infectious to chronic diseases in the United
States7 creating the potential for secure, steady, and
sizeable revenue streams for companies that can cap-
ture shares of these markets. However, developing
drugs to treat chronic and degenerative diseases
requires longer clinical trials to observe relevant out-
comes.1,5 Moreover, clinical trial protocols have
become increasingly complex, involving numerous
assessments, exploratory endpoints, biomarkers, biop-
sies, and so on, consequently increasing the administra-
tive burden and overall costs of trials.8 Another
significant trend contributing to higher clinical trial
costs is the increased use of health care cost contain-
ment strategies, such as cost-effectiveness data require-
ments, in the United States and other countries. All of
these factors contribute to clinical trials with large
numbers of patients and long timeframes, which in turn
result in greater expenditures on recruitment efforts,
data collection, compliance with administrative require-
ments, and other trial components.

Regulatory barriers also contribute to the high cost
of conducting clinical research. Most regulations and
accompanying guidelines governing clinical research
were written when the clinical research enterprise was
smaller in terms of the number of active trials and before
multi-center trials became common (in the 1980s and
1990s). Even though these regulations and guidelines

were intended to protect the safety and rights of human
research participants as well as the scientific validity of
trial results, they have not been evaluated formally to
determine whether they actually achieve those pur-
poses.9 Some in fact have had unintended consequences,
creating additional obstacles to conducting clinical
research. For example, the ethical review process as
required under 21 Code of Federal Regulations (CFR)
56 does not clearly define the roles and responsibilities
of various oversight bodies and what is expected of
investigators.6 As a result, in recent years, institutional
review boards (IRBs) have expanded their responsibil-
ities, undertaking new tasks such as review of investiga-
tors’ conflicts of interest, protection of patient health
information, assessment of trial design, and risk man-
agement. Consequently, clinical trials now require more
approvals from different people within a single IRB,
resulting in additional delays; yet, there are no indica-
tions that safety is improved by this practice.9 Another
example is the adoption of inefficient approaches to the
conduct and monitoring of clinical trials resulting from
the overly rigid interpretation of the International
Conference on Harmonization Good Clinical Practice
guidelines.10 To monitor clinical trials, it is a common
practice in the pharmaceutical industry to conduct site
visits frequently (every 4–8 weeks) and to verify source
data during these visits.11,12 It is estimated that monitor-
ing can account for 15%–30% of total trial costs.13

Rather than adopting a risk-based approach to moni-
toring, a conservative interpretation of the regulations
and guidelines has resulted in 100% source data verifica-
tion becoming the industry standard, a particularly
costly practice that on average consumes one-third of
companies’ entire Phase 3 trial budgets.14,15

Finally, drug developers also impose a number of
barriers upon themselves, adding further unnecessary
cost and delay to clinical research. Some of these costs
and delays are avoidable as they result from insufficient
early planning and/or inefficiencies in company prac-
tices (e.g. avoidable protocol amendments, protracted
contract negotiations, and internal review), but the
majority stems from a desire to avoid failure at all
costs.16 Risk aversion leads companies to take unneces-
sary steps at various points throughout the clinical trial
process, driven primarily by the advice of company
legal advisors to ensure regulatory compliance and
minimize liability.9 As a result, studies end up being
overpowered because each assumption is made conser-
vatively by company statisticians and others (especially
those in larger companies) who are insulated from the
cost consequences of their recommendations.

Other barriers include disconnect between clinical
research and medical care and increasing competition
for qualified investigators and sites due to a shortage of
biostatisticians and information specialists.17

The increasing cost of clinical research has signifi-
cant implications for public health as it affects drug
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companies’ willingness to undertake clinical trials. To
slow and/or reverse this upward trend in clinical trial
costs requires a radical transformation in the way clini-
cal research studies are designed, conducted, and inte-
grated with clinical practice.

We examined the different factors, such as therapeu-
tic area, IRB approval, patient recruitment, administra-
tive staff, and clinical procedure expenditures, and their
contribution to clinical trial costs and their variability
in the United States by clinical trial phase (Phases 1
through 3). While other investigators have looked at
total clinical trial costs as well as select cost drivers
(such as IRB amendments, source data verification
costs, and so on), we believe that our study is the first
to take a comprehensive look at all of the direct cost
components of clinical trials.

Methods

Data

We analyzed aggregate data from three proprietary
databases on clinical trial costs available from
Medidata Solutions:18

� Medidata Grants Manager� (PICAS� database) is
a database of negotiated investigator grants includ-
ing more than 250,000 grants and contracts and
27,000 protocols in over 1400 indications. It pro-
vides benchmarked costs typically used for clinical
trial budget planning.

� Medidata CRO Contractor� (CROCAS� data-
base) contains thousands of negotiated outsourcing
contracts. It includes data from contract research
organization (CRO) contracts, detailed across such
dimensions as therapeutic area, phase, and
geography.

� Medidata Insights� is a clinical analytics solution
that provides data on clinical operational perfor-
mance metrics alongside company and industry
benchmarks. It comprises data from more than
7000 studies gathered from over 120 clinical trial
sponsors.

Combined, the three databases contain detailed infor-
mation derived from actual negotiated contracts for
studies funded by the global pharmaceutical and bio-
technology industry. These data are used by pharmaceu-
tical companies, contract research organizations, and
academic researchers to identify prevailing rates for trial
planning, budget development, and grant negotiation.19

The data files acquired for this study comprised
means for a wide range of clinical trial direct cost ele-
ments by study phase and therapeutic area, including
study-level costs (such as IRB approvals and source
data verification costs), patient-level costs (such as
recruitment and clinical procedure costs), and site-level
costs (such as monitoring and project management; see
Table 1). Additionally, the data included numbers of
planned patients per site and numbers of sites per study.
A complete list of these data elements, along with more
detailed descriptions of each field, unit specifications,
and sources, as well as information on the characteris-
tics of the datasets, are given in Supplementary
Appendix Table 1.

The data covered the period 2004 through 2012 and
were disaggregated by study phase (Phases 1, 2, and 3)
and Medidata-defined therapeutic areas. The total
number of contracts included in the analysis was
around 31,000 and the number of contracts by thera-
peutic area ranged from around 600 to 6500.

The data provided did not include information
on trials funded by organizations other than

Table 1. Clinical trial cost components.

Type of cost Elements

Per-patient Patient recruitment costs
Patient retention costs
Registered nurse and clinical research associate costs
Physician costs
Clinical procedure costs
Central laboratory costs

Per-site Per-patient costs listed above multiplied by number of planned patients
Site recruitment costs
Site retention costs (per month) 3 number of site management months
Administrative staff costs (per month) 3 number of project management months
Site monitoring costs (per day) 3 number of site monitoring days

Per-study Per-site costs listed above multiplied by number of sites
Data collection, management and analysis costs
Cost per institutional review board (IRB) approval 3 number of IRB approvals
Cost per IRB amendment 3 number of IRB amendments
SDV cost (per data field) 3 number of SDV fields

SDV: source data verification.

Sertkaya et al. 3
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pharmaceutical companies and hence represent only a
subset of all trials conducted over the 2004–2012
period.

Analysis methods

Based on the cost elements provided, we computed the
average total cost per study, xjk , by clinical trial phase,
j, and therapeutic area, k, by appropriately aggregating
the per-patient, xPatient

jk , and per-site, xSite
jk , related cost

elements using equation (1)

xjk =Data collectionmanagement and analysis

+ IRBapprovaljk

+IRBamendmentjk +source data verificationjk

+ xSite
jk 3 number of sites per studyjjk

� �
+site overhead+all other ð1Þ

where IRB approval costs are the product of the num-
ber of IRB approvals and cost per IRB approval, IRB
amendment costs are the product of the number of
IRB amendments and cost per IRB amendment, source
data verification costs are the product of the number of
source data verification fields per study and cost of
source data verification per field, site overhead costs
were estimated at 25% of per-study costs, and all other
costs, which include costs for sponsors to run the study
and other costs not captured elsewhere, were estimated
as 30% of the sum of per-study costs and the 25% site
overhead, and

xSite
jk =site recruitmentjk +site retentionjk

+administration staffjk

+sitemonitoringjk

+ xPatient
jk 3 number of planned patients per sitejk

� �
ð2Þ

where site retention costs are the product of number of
site management months and site retention costs per
month, administrative staff costs are the product of the
number of project management months and adminis-
trative staff costs per month, and site monitoring costs
are the product of the number of site monitoring days
and per-day site monitoring costs, and

xPatient
jk =patient recruitment+patient retention

+registered nurse andclinical research associate

+physician

+clinical procedure+central laboratory ð3Þ

It should be noted that site overhead is not always
applied to all costs in a negotiated clinical investigator
contract by the clinical site. In some cases, the site may

negotiate overhead only on certain portions of the con-
tract such as clinical procedures. Thus, 25% of total
direct per-study costs may be an overestimate of actual
overhead costs per study.

To examine key direct cost drivers by clinical trial
phase across the different therapeutic areas, we
weighted the data by the number of contracts available
by therapeutic area. More specifically, for each cost
component, i, and clinical trial phase, j, we computed a
weighted mean, �xij, and its weighted standard devia-
tion, Sij, where the weights are the total number of con-
tracts (i.e. sum of investigator and contractor contracts
contributing to the PICAS and CROCAS datasets)

�xij =

PNj

k = 1 wjkxijkPNj

k = 1 wjk

ð4Þ

Sij =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPNj

k = 1 wjk xijk � �xij

� �2
q

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
N9j�1ð Þ

PNj

k = 1
wjk

N 9j

r ð5Þ

where wjk is the total number of contracts available for
the phase and therapeutic area, k, combination; xijk is
the reported mean for cost component i, clinical trial
phase j, and therapeutic area k; �xij is the simple average
of cost component i for that phase j across all therapeu-
tic areas; Nj is the number of therapeutic areas that are
associated with the phase in question; and N 9J is the
number of non-zero weights.20

To compare variability across the different direct
cost components for a given clinical trial phase, we also
computed the relative standard deviation, RSDij as

RSDij =
Sij

�xij

3 100 ð6Þ

where �xij is the weighted mean and Sij is the weighted
standard deviation for cost component i and study
phase j, as defined previously. The use of RSD allowed
for meaningful comparisons of precision across cost
elements.21

Results

Figure 1 presents the average per-study costs for each
of the therapeutic areas by clinical trial phase.
Immunomodulation per-study costs (US$6.6 million)
were the highest in Phase 1 with costs of studies in
ophthalmology (US$5.3 million) and respiratory sys-
tem (US$5.2 million) ranking second and third, respec-
tively. In Phase 2, hematology trial costs
(US$19.6 million) ranked first, followed by pain and
anesthesia (US$17.0 million) and immunomodulation
(US$16.0 million) trials. The most costly Phase 3 stud-
ies were in pain and anesthesia (US$52.9 million) with
studies in the ophthalmology (US$30.7 million) and
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cardiovascular areas (US$25.2 million) ranking second
and third, respectively. As expected, study costs were
highly dependent on the total number of planned
patients (=number of planned patients per site 3 num-
ber of sites per study) which were variable by therapeu-
tic area and clinical trial phase: 11 (hematology) to 170
(ophthalmology) for Phase 1, 148 (oncology) to 389
(gastrointestinal) for Phase 2, and 216 (hematology) to
1431 (pain and anesthesia) for Phase 3.

Overall, the therapeutic area with the highest com-
bined average per-study costs across all phases was

pain and anesthesia (US$71.3 million) followed by
ophthalmology (US$49.8 million) and anti-infective
(US$41.2 million) trials (Figure 2). Trials in dermatol-
ogy, endocrinology, and gastroenterology had the low-
est overall costs.

Table 2 presents weighted average costs and
weighted standard deviations per study by cost compo-
nent and by clinical trial phase across all therapeutic
areas. Excluding the estimated all other and site over-
head cost components, in Phase 1, clinical procedure
costs (US$476,000)—which included costs of medical
procedures (e.g. physical exams and electrocardio-
grams), medical questionnaires, and clinical assess-
ments but excluded other direct peripheral costs, such
as physician fees, salaries, facility charges, study set-up
costs, advertising expenses, patient recruitment costs,
pharmacy fees, and document storage costs—were the
highest, accounting for 22.3% of total. These were fol-
lowed by source data verification costs (US$326,000;
15.3% of total) and central laboratory costs
(US$252,000; 11.8% of total). In Phase 2, expenditures
that contributed the most to overall direct costs in des-
cending order included clinical procedure costs
(US$1.5 million; 19.4% of total), administrative staff
costs (US$1.3 million; 17.7% of total), site retention
costs (US$1.1 million; 14.8% of total), site monitoring
costs (US$1.1 million; 14.3% of total)—which included
site visit costs for collecting and checking case report
forms, source data verification, and other charges for
the review and maintenance of regulatory binders, drug
accountability, and query resolution—central labora-
tory costs (US$805,000; 10.6% of total), and registered
nurse and clinical research associate costs (US$441,000;
5.8% of total). Even though they were still sizeable and
higher in absolute terms than those in Phase 1, source
data verification costs constituted only 5.3% of total
per-study Phase 2 costs. Similar to Phase 2, clinical
procedure costs (US$2.3 million; 19.8% of total),

Figure 1. Costs by therapeutic area (in US$ million).

Figure 2. Costs by therapeutic area and phase (in US$ million).
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administrative staff costs (US$2.3 million; 20.4% of
total), site retention costs (US$1.3 million; 11.5% of
total), site monitoring costs (US$1.6 million; 14.3% of
total), central laboratory costs (US$849,000; 7.5% of
total), and registered nurse and clinical research associ-
ate costs (US$940,000; 8.3% of total) contributed the
most to overall per-study Phase 3 costs.

Figure 3 presents the RSD of each cost component
by trial phase. Patient retention, site recruitment, and
central laboratory costs consistently had the highest
RSDs across all phases. In contrast, source data verifi-
cation, IRB approval, and IRB amendment costs had
the lowest RSDs across all phases. In Phase 1, central
laboratory costs (81% RSD), clinical procedure costs
(78% RSD), and patient retention costs (77% RSD)
had the most variation among all cost components.
Central laboratory costs ranged from a low of
US$33,000 (hematology) to a high of US$765,000
(immunomodulation). Similarly, the range for clinical
procedure costs across therapeutic areas was also quite
wide, US$22,000 (hematology) to US$1.5 million
(ophthalmology). Patient retention costs ranged from
US$1300 (dermatology) to US$21,000 (ophthalmol-
ogy). In Phase 2, the degree of variability for the major-
ity of the cost components across therapeutic areas was
significantly lower than Phase 1 levels. Patient recruit-
ment costs (63% RSD), site retention costs (48%
RSD), patient retention costs (45% RSD), and clinical
procedure costs (43% RSD) had the largest variation
in Phase 2. Patient recruitment costs ranged from
US$71,000 (ophthalmology) to US$435,000 (pain and
anesthesia). The range for site retention costs was
US$352,000 (cardiovascular) to US$2.65 million
(hematology). Patient retention costs also had a rela-
tively wide range of US$7000 (oncology) to US$29,000
(genitourinary system). In Phase 3, site retention costs
(106% RSD), administrative staff costs (82% RSD),
and central laboratory costs (71% RSD) showed the
most variation. Site retention costs ranged from
US$342,000 (cardiovascular) to a high of
US$6.82 million (pain and anesthesia), administrative
staff costs from US$542,000 (dermatology) to
US$9.02 million (pain and anesthesia), and central
laboratory costs from US$94,000 (respiratory system)
to US$3.31 million (anti-infective).

Discussion

Our analysis shows that therapeutic area has been an
important determinant of clinical trial per-study costs
overall. Costs for trials of immunomodulation, hema-
tology, and pain and anesthesia ranked the highest in
Phases 1, 2, and 3, respectively. Additional key drivers
of overall direct per-study costs across all clinical trial
phases included clinical procedure, administrative staff,
and site monitoring costs, excluding estimated site

overhead costs and costs for sponsors to monitor the
study. Recent studies have demonstrated that strategies
exist for reducing the price tag of some of these major
direct cost components.

Clinical procedure costs accounted for approxi-
mately 20% of overall direct per-study costs across
Phases 1 through 3 (see Table 2). These costs were

Figure 3. Relative standard deviation (RSD) of cost
components, by phase.
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highly variable in Phase 1 (78% RSD) and remained
relatively variable in Phases 2 and 3 even though their
degree of variability was significantly smaller (from
78% RSD in Phase 1, 43% RSD in Phase 2, and 46%
RSD in Phase 3). As the number of clinical procedures
conducted increases so does trial monitoring and other
related costs (e.g. storage of samples),6 perhaps unne-
cessarily if the data collected are not relevant to the
specific study.

The reasons for collecting extra data are many and
varied. Researchers tend to be overly inclusive, as they
are scientifically minded individuals who want to be
able to answer the main question and test other the-
ories, as well. Some of the extra data are needed when
the clinical value of some endpoints is uncertain.
Moreover, while some data are collected in part to sat-
isfy payers and providers (e.g. quality of life measure-
ments and other patient-centric measurements), some
data are collected based on patient care experience
without careful consideration of whether these mea-
surements are necessary.22 Some argue that collection
of extra data is unavoidable due to the uncertain nature
of the process. Others point out that the data being col-
lected are not actually superfluous because there is
always need for the data on file, not because the data
are required for the US Food and Drug Administration
new drug application, but because they are supportive
and reasonable to collect.17

According to some industry experts, the percentage
of data collected that ultimately goes unused varies by
trial and may range from 15% to 30%, adding US$20–
US$35 million in direct drug development costs for the
average drug.23 Given the size of clinical procedure
costs for each study, elimination of non-core and non-
essential procedures could result in substantial savings.
That said, the cost of collecting data that ultimately
goes unused must be carefully weighed against the cost
of not collecting data that subsequently turn out to be
needed. Collecting additional data later may be more
costly, may result in significant delays in trial comple-
tion, or be impossible.

Studies have shown that it is possible to reduce clini-
cal procedure costs by simplifying clinical trial proto-
cols and planning carefully to avoid costly protocol
amendments, whenever possible.17 A number of phar-
maceutical and biotechnology companies have estab-
lished internal governance committees to improve and
streamline protocol designs in recent years; early results
have been encouraging.24 Companies with such internal
governance committees report decreased study com-
plexity which has led to reductions both in the number
of clinical procedures and in the number of endpoints
per study.25

Administrative staff costs accounted for around
11%–20% of overall study costs across Phases 1
through 3 (Table 2). These costs were variable relative
to the other cost drivers in Phase 1 (54% RSD). While

the degree of variability in administrative staff costs
was lower in Phase 2 (32% RSD), it was significantly
higher (82% RSD) in Phase 3 (Figure 3). The relatively
large contribution of administrative staff costs to over-
all study costs was somewhat surprising; time spent by
administrative staff reportedly accounts for around
23%, with time spent by physicians, registered nurses,
and clinical research associates constituting the remain-
ing 77%.26

Site monitoring accounted for between 9% and 14%
of overall study costs for Phases 1 through 3 (Table 2).
While site monitoring costs were relatively variable in
Phases 1 and 3 compared to the other cost drivers, they
were more stable in Phase 2 (36% RSD in Phase 2
compared to 64% and 44% RSD in Phases 1 and 3,
respectively). Site monitoring costs can be reduced by
making wider use of mobile technologies, centrally
available data to evaluate site performance, electronic
data capture, and other efficiency-improving options.27

Furthermore, adoption of these practices likely would
affect many aspects of clinical trials, not only site moni-
toring timelines and costs but also site management
and project management as well as data collection,
management, and analysis costs.27,28

Continuous collaboration among regulatory bodies,
industry, researchers, and academia may help to
improve the clinical research enterprise. For example,
the Clinical Trials Transformation Initiative, a public–
private partnership between the US Food and Drug
Administration and Duke University, has made impor-
tant strides in identifying best practices for investigator
training in Good Clinical Practice, communications
and contractual relationships between member institu-
tions and a central IRB, and periodic evaluations of
safety information during drug development programs,
among others.16,29

Limitations

Our study had a number of limitations related to the
nature of the data used and methods employed for the
analysis. First, the data on mean costs by cost element,
clinical trial phase, and therapeutic area were from
2004 through 2012 and had not been adjusted for infla-
tion by Medidata prior to aggregation. As the data on
costs represented averages across this time range, we
were unable to adjust the data for inflation. Prices have
gone up approximately 22% over that time period,4

thus present costs likely are considerably higher.
Second, rather than deriving average costs from disag-
gregated data at the study level, we used aggregate
means reported at the clinical trial phase and therapeu-
tic area levels to compute overall per-study and per-cost
component averages. This choice may have resulted in
over- or under-estimation of various cost elements.
Third, while the PICAS, CROCAS, and Medidata
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Insights datasets are an important resource for clinical
research, they are likely neither comprehensive nor rep-
resentative of a random sample of all US clinical trials.
For example, an examination of the number of investi-
gator and contractor contracts contributing to the
PICAS and CROCAS datasets by therapeutic area and
clinical trial phase for the 2004–2012 period showed
that some of the therapeutic areas (e.g. oncology across
all clinical trial phases, central nervous system, and
endocrine in Phase 3 studies) may be over-represented,
whereas others (e.g. cardiovascular in Phase 1, hematol-
ogy in Phase 2, and ophthalmology in Phase 3) may be
under-represented. To the extent that the cost elements
associated with such therapeutic areas are widely differ-
ent from others, the relative rankings of cost elements
may be skewed as we used the number of studies as
weights in deriving weighted cost means and variances
across therapeutic areas. Fourth, the Medidata datasets
did not contain any information on clinical supply costs
such as costs of comparator drugs and/or co-therapies
or costs of shipping these supplies to study sites.
Reportedly, these costs could be significant and are
highly variable from one trial to another.30 Depending
on their magnitude, exclusion of these costs from the
analysis could have resulted in under-estimation of
total per-study costs.

Finally, the data used in the analysis were from trials
funded by the global pharmaceutical and biotechnology
industry. Hence, study findings may not be generaliz-
able to those trials funded by governments, academic
institutions, and other organizations.
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