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a  b  s  t  r  a  c  t

Background:  The  ability  to calculate  the development  costs  for specific  medicines  and  vaccines  is
important  to inform  investments  in  innovation.  Unfortunately,  the  literature  is  predominated  by non-
reproducible  studies  only  measuring  aggregate  level  drug  research  and  development  (R&D)  costs.  We
describe  methodology  that  improves  the transparency  and  reproducibility  of  primary  indication  expected
R&D  expenditures.
Methods:  We  used  publically  accessible  clinical  trial  data  to investigate  the  fate  of  all  seasonal  influenza
vaccine  candidates  that  entered  clinical  development  post  year  2000.  We  calculated  development  times
and  probabilities  of success  for  these  candidates  through  the  various  phases  of  clinical  development.
Clinical  trial  cost  data  obtained  from  university  based  clinical  researchers  were  used  to  estimate  the
costs  of each  phase  of  development.  The  cost  of  preclinical  development  was  estimated  using published
literature.
Results:  A vaccine  candidate  entering  pre-clinical  development  in  2011  would  be  expected  to achieve
licensure  in  2022;  all  costs  are  reported  in 2022  Canadian  dollars  (CAD).  After  applying  a  9%  cost  of
capital,  the  capitalized  total  R&D  expenditure  amounts  to  $474.88  million  CAD.
Conclusion:  Clinical  development  costs  for vaccines  and drugs  can  be  estimated  with  increased  speci-
ficity  and transparency  using  public  sources  of data. The  robustness  of  these  estimates  will  only  increase
over  time  due to public  disclosure  incentives  first introduced  in the late  1990s.  However,  preclinical
development  costs  remain  difficult  to  estimate  from  public  data.

Crown  Copyright  ©  2013  Published  by  Elsevier  Ltd.  All  rights  reserved.

1. Introduction

There has been polarizing debate in the literature regarding
the “true” cost of developing new pharmaceutical drugs. In a
much-publicized paper, DiMasi and colleagues estimate the cost
of developing a new molecular entity (NME) in 2001 to be in the
order of $800 million United States dollars (USD) [1]. More recently,
Paul and colleagues estimated the cost to be in the order of $1.8
billion USD [2]. Critics suggest that these estimates are vastly over-
stated. Donald Light and Rebecca Warburton estimate the cost of
new drug development to be well under $100 million USD [3]. One
reason for the controversy is that most cost-of-research and devel-
opment (R&D) studies are not reproducible. Morgan and colleagues,
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in a recent review article, note that 10 of the 13 cost-of-R&D studies
in the literature were based on self-reported, unaudited and confi-
dential data from unnamed drug companies and unnamed products
[4]. The non-reproducible aspect of these data raises questions
about the representativeness of the R&D cost estimates. Critics also
question the value of estimating average drug R&D costs given the
substantial heterogeneity in development costs within a therapeu-
tic area. For instance, Adams and Brantner report that the expected
cost of developing an oncology medicine is $1.042 billion USD while
the cost of developing a medicine within this class–drugs that treat
breast cancer – is $0.61 billion USD [5]. The narrowly defined R&D
cost in this case would be more informative for decision making
around new investments in breast cancer drugs.

In this paper, we use publicly available data to estimate the cost
of development of seasonal influenza vaccines if the development
was all conducted in Canada. In contrast to most other studies, our
analysis is reproducible and narrowly defined to a therapeutic area.
Although our primary contribution is methodological, we  note that
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estimation of seasonal influenza vaccine R&D costs is of interest in
its own right. Relative to drugs, estimates of vaccine development
costs are limited. Moreover, influenza continues to impose a sub-
stantial burden of morbidity and mortality. Influenza vaccines are
amongst the most effective means of protection against influenza
infection, for instance current vaccines can prevent up to 62.1% of
influenza related respiratory hospitalization [6]. Despite this, the
US Centers for Disease Control estimates that the annual epidemic
burden of seasonal influenza in the United States is $87.1 billion
USD (C.I., $47.2, $149.5) [7]. Given the residual high burden of dis-
ease improved influenza vaccines are a high development priority,
and many are currently in development [8].

2. Methods

2.1. Model and data sources

The total, expected, uncapitalized, R&D cost Cu required to bring
a vaccine candidate (VC) to market is the sum of expected uncapi-
talized R&D expenditures during the pre-clinical phase Cp and the
clinical phase Cc.

Cu = Cp + Cc

Following the methods developed by DiMasi [9], the expected
clinical phase cost per approved vaccine, Cc, is defined as

Cc = E(h)
S

s is the probability that a VC emerging from pre-clinical develop-
ment obtains market approval. E(h) is the expected value of the
clinical period costs (h) and can be defined as:

E(h) = pI�I + pII�II + pIII�III + pA�A

pI, pII and pIII are the probabilities that a VC tested in humans
will enter phase I, II and III, respectively, pA is the probability that
long-term animal testing will be carried out. �I, �II, �III and �A
are mean costs of developing a VC in phases I, II, III and long-term
animal testing, respectively.

Firms are generally not able to allocate all pre-clinical costs to
specific VCs. We  were not able to identify reliable publicly available
sources of information to directly estimate Cp. DiMasi reported a
general ratio of pre-clinical expenditures to total R&D expenditures,
�, of 30% [9]. We  used this same estimate to calculate Cp using the
following equation.

Cp =
[

�

1 − �

]
Cu

We  adjusted our cost estimates to account for the cost of capi-
tal using methods previously described by DiMasi [9]. Harrington
and colleagues in a recent working paper have updated the cost
of capital for the pharmaceutical sector and estimate it to be 9%
[10]. DiMasi in previous work estimated an 11% cost of capital [11].
Given the controversy around which rate to use, we  employed
9% in this study and conducted sensitivity analysis using 5% and
11%. The Canadian Agency for Drugs and Technologies in Health
(CADTH) recommends a 5% discount rate be used in health tech-
nology appraisals [12]. Light et al. propose this rate as a substitute
for market derived cost of capital rates [13].

Our model does not account for R&D tax incentives that are
traditionally offered by the Canadian government to developers.
The Canadian Scientific Research and Experimental Development
(SR&ED) tax incentive program is used to reduce corporate tax
owed on revenue [14]. Thus, while private corporations are
rewarded through tax payer subsidies for engaging in R&D, the
actual cost of developing the drugs remain the same.

In this study we  used Trialtrove, a database held by Citeline intel-
ligence solutions. This data base is primarily built on data from
clinicaltrials.gov and is supplemented through routine mining of a
broad range public domain sources [15].

Further, this approach allows us to exploit the disclosure man-
dates on human research that were first promulgated in 1997 by the
US Food and Drug Administration Modernization Act, and which
were bolstered by the 2004 decision by the International Com-
mittee of Medical Journal Editors to not publish results of clinical
trials that had previously not been publicly registered [16]. The
result is that a drug company cannot seek FDA approval for a new
drug nor can it publish the results of its clinical trials in a rep-
utable journal without having previously disclosed their clinical
research. The new requirements have led to the public disclosure
of clinical research programs, including sponsorship, the identity
of the investigational product and study design (phase, number of
subjects, length of study, number of centers, primary endpoints,
etc.). These data allow us to avoid selection biases that may  have
contaminated other cost of R&D studies, while also providing infor-
mation on the quantity of the “inputs” used to conduct the R&D –
the number of subjects, the number of measurements per subject,
study duration, etc. These data are silent, however, on the unit costs
of these inputs. For that, we obtained cost estimates from a well-
known influenza research group in Canada known as the Canadian
Center for Vaccinology (CCfV), at Dalhousie University in Halifax,
Nova Scotia, Canada [17]. CCfV is a member site of the Public Health
Agency of Canada/Canadian Institutes of Health Research Influenza
Research Network (PCIRN) [18]. Cost data were provided in Cana-
dian Dollars which has been close to parity with the U.S. Dollar
since 2007. No confidentiality agreements were required for this
collaboration.

2.2. Estimating model parameters

We collected all the clinical trial records on seasonal influenza
VCs that entered clinical development after the year 2000 until
2011. For each trial record we extracted information on the study
design, a description of the underlying biotechnology, the name of
the sponsor, the study phase (I, II, III), number of subjects enrolled,
study start and end dates, as well as the most recent public reports
on product development status. We  organized the data to track the
VCs’ development path. Once a VC entered a clinical development
phase j (j could be phase I, II or III), it could either successfully tran-
sition to phase j + 1 or to regulatory submission if it was already in
phase j = III. Alternatively, the VC could be abandoned during devel-
opment. The mean length of phase j was  calculated by subtracting
the start date of phase j from the start date of phase j + 1 for the VCs
that successfully made a transition. Any VC that did not transition
to phase j + 1 after being in phase j for longer than the upper bound
of the 95% CI of the mean length of phase j were considered aban-
doned. VCs in phase j that did not transition to phase j + 1 and had
development times lower than the upper bound of the 95% CI of the
mean phase j length were considered right censored. In this man-
ner our data set was  organized as time to event data (abandonment
or successful transition) that includes censored observations. The
time to event data set is included in Appendix I. These data were
used to estimate pj, the probability over development time t, that
a VC will enter phase j of testing given that the previous phase was
entered.

To estimate pj we calculated the cumulative incidence (CI)
function for successfully transitioning from phase j − 1 to j of devel-
opment [19]. This function estimates the probability that a VC
transitions from phase j − 1 to j before time t and that this occurs
before the competing risk of abandonment. The function utilizes the
Kaplan–Meier estimator that accounts for censored observations.
Appendix II summarizes how this approach works. To calculate s
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