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Over the years, questions have been raised over R&D costs of newmedicines. The aim of

this study is to conduct a landscape review of the (drivers of) R&D costs of a newmedicine

derived from the peer-reviewed and grey literature. Included studies have drawn data

either from confidential company surveys or from publicly available company financial

statements, in addition to accessing the literature and medicine information databases.

Although there were differences in methodology, parameter values, samples and time

periods between studies, estimates of R&D costs per new medicine (accounting for

the cost of failures) ranged from US$944m to US$2,826m (adjusted to 2019 prices).

The evidence also suggested that R&D costs per new medicine have increased over

time. A few studies have broken down total costs and showed that clinical development

accounts for 50-58% of R&D costs per new medicine. R&D costs were influenced by

costs of discovery and pre-clinical development, costs of clinical development, cost of

capital, company and product profile. Finally, cost estimates are likely to be dynamic as

the biopharmaceutical industry and the broader environment continue to evolve.

Keywords: research and development, costs, estimates, medicines, drivers

INTRODUCTION

There has been a long-standing interest in and discussion about the costs to research and develop
a new medicine. It is useful to gain insight into those costs as such information may serve to get
an idea of how much investment is required to research and develop a new medicine, to use in
the assessment of R&D productivity of the biopharmaceutical industry, to inform the debate about
medicine prices, or to explain trends in R&D approaches and in the industrial landscape (1, 2).

In the literature, two reviews were published around a decade ago, but these reviews did not
include more up-to-date empirical studies estimating R&D costs of a newmedicine (2, 3). Recently,
a systematic review mainly analysed the relevant peer-reviewed literature, but did not consider
consultancy reports on the topic (4). Therefore, the aim of this study is to conduct a landscape
review of the costs of R&D of a new medicine derived from the peer-reviewed and grey literature.
Also, this study identifies which factors drive R&D costs, based on how such costs were generally
calculated in empirical studies.

METHODS

A search was carried out in PubMed to identify studies which estimated R&D costs (and their
components) of new medicines based on empirical data. Articles that commented on R&D costs,
but did not provide new estimates were excluded. Studies were considered if they had been
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published between 2000 and 2020, as earlier cost estimates
are unlikely to reflect current R&D processes. The search
was restricted to English-language studies. Also, the grey
literature was searched in Google (Scholar), including empirical
studies conducted by consultancy agencies (e.g., Deloitte, Office
of Health Economics). Finally, the snowballing method was
applied, identifying additional studies from the bibliography of
included studies.

A data extraction sheet compiling information about the
objectives, design, results, conclusions and limitations was
completed for each included study. For the purpose of comparing
results between studies, all cost estimates were adjusted to 2019
prices using the World Bank GDP deflator (5).

RESULTS

Our search of the peer-reviewed literature identified three
literature reviews (cfr. supra), eight empirical studies on R&D
costs of a new medicine which derived their data from
confidential company surveys in addition to the literature and
medicine information databases, and two empirical studies which
derived their data from publicly available company financial
statements. The grey literature generated a series of Deloitte
reports on R&D costs based on company financial statements.
Another consultancy report by Bain and Company provided cost
estimates, but was excluded because no details of the underlying
methodology were reported (6). Data extraction sheets for these
studies can be found in the Supplementary Material and the
results are examined in the following sections.

Cost Estimates Based on Company
Surveys
In 2003, a study calculated the pre-tax R&D costs per new
medicine (accounting for the cost of medicine failures) based
on a random sample of 68 medicines (both chemical and
biologic medicines) developed in-house by 10 multinational
companies (1). This study provided the basis for further research.
The authors subsequently calculated costs for different product
classes (7) and generated a separate estimate for biotechnology
medicines (8). Other researchers have attempted to validate the
2003 cost estimate by extracting some parameter values from
sources other than company surveys, by using different (methods
to calculate) parameter values, or by drawing on a different
sample of medicines (2, 9–12). The 2003 research team updated
their cost estimate based on a larger sample of 106 in-house
developed medicines in 2016 (13).

Figure 1 presents mean capitalised R&D costs per new
medicine (adjusted to 2019 prices) of studies based on company
surveys. Mean capitalised costs per new medicine amounted
to US$1,155m according to the 2003 study (1). When costs
of post-marketing authorisation R&D were included, costs
per new medicine increased to US$1,292m. The authors also
showed that mean capitalised costs per new medicine were
similar for chemical and biologic medicines (8). Other studies
estimated mean capitalised costs per newmedicine to range from
US$1,250m to US$2,120m (2, 9–12). The study published in

2016 found that mean capitalised costs per new medicine were
US$2,826m (or US$3,171m including costs of post-marketing
authorisation R&D) (13).

Although there are differences in methodology, parameter
values, samples and time periods between studies, Figure 1

suggests that pre-tax R&D costs per newmedicine have increased
over time, as also corroborated by a previous literature review
(3). Two studies also demonstrated that costs varied between
product classes (7, 9).

A few studies have also broken down mean capitalised
R&D costs per new medicine into costs for discovery and pre-
clinical development and into costs for clinical development
(see Figure 2). These studies showed that clinical development
accounts for 50-58% of total costs.

Cost Estimates Based on Company
Financial Statements
Two more recent studies have calculated the pre-tax R&D costs
per new medicine (accounting for the cost of medicine failures)
based on publicly available company financial statements,
thus allowing to validate and replicate their cost estimates.
Both studies included in-house developed medicines as
well as acquired medicines. One study focused specifically
on ten oncology medicines (nine of which had orphan
medicine designation) from small companies (14). The other
study enrolled a sample of 63 medicines developed by 47
companies, but medicines with specific characteristics (i.e.,
orphan medicines, medicines in some disease areas, first-in-class
medicines, medicines with expedited marketing authorisation,
medicines approved by the US Food and Drug Administration
between 2014 and 2018, medicines from smaller companies)
were over-sampled (15).

The study focusing on oncology medicines found that mean
capitalised R&D costs per new medicine amounted to US$944m
(adjusted to 2019 prices) (14). Also, costs were significantly
higher for in-house developed medicines than for acquired
medicines. The other study generated an estimate of mean
capitalised R&D costs per new medicine of US$1,359m (15).
When limiting the sample to 23 medicines for which high-
quality data were available, mean capitalised R&D costs per
new medicine decreased to US$1,163m. Additionally, this study
documented cost differences between product classes.

Based on the financial statements of the 12 largest
biopharmaceutical companies (in terms of R&D investment
in 2009), public sources and medicine information
databases, Deloitte has calculated R&D costs per new
medicine (accounting for the cost of medicine failures)
since 2010 (16). Additionally, the analysis was extended to
include four smaller, more specialised biopharmaceutical
companies since 2013. The sample consisted of new
chemical medicines, biologic medicines, line extensions,
reformulations, fixed dose combinations and biosimilars
that were developed in-house, that were acquired or that
were co-developed.

As visualised in Figure 3 and adjusted to 2019 prices,
mean R&D costs per new medicine of the 12 largest
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FIGURE 1 | Mean capitalised R&D costs per new medicine based on company surveys (expressed in 2019 US$ millions). DiMasi and Grabowski (8) selected a

sub-sample of biotechnology medicines from DiMasi et al. (1).

FIGURE 2 | Composition of mean capitalised R&D costs per new medicine. DiMasi and Grabowski (8) selected a sub-sample of biotechnology medicines from DiMasi

et al. (1).

biopharmaceutical companies have increased from US$1,390m
in 2010 to US$1,981m in 2019 (+43%). Focusing on the four
smaller, more specialised biopharmaceutical companies, a more
substantial increase in mean costs per newmedicine by 112% was
observed from US$1,142m in 2013 to US$2,422m in 2019.

Drivers of R&D Costs of New Medicines
Figure 4 lists the various drivers of R&D costs of new medicines
and how these are impacted. Costs relate to discovery and
preclinical development, and clinical development. Data on costs
of discovery and pre-clinical development are generally not
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FIGURE 3 | Mean R&D costs per new medicine of 12 largest biopharmaceutical companies over time (expressed in 2019 US$ millions) (16).

FIGURE 4 | Drivers of R&D costs of new medicines and how these are impacted.

available for a specific medicine, implying that broad company-
level data need to be allocated to individual medicines. Different
allocation methods have an impact on resulting cost estimates.
An estimate of clinical development costs is generated by taking
account of the size of investment in the different development
phases (i.e., phase I trials, phase II trials, phase III trials,
marketing authorisation), phase success rates and duration. Each
of these factors are determinants of R&D costs.

In addition, R&D costs need to be “capitalised”. This implies
that the estimate is adjusted using a cost of capital, which
reflects the return required for an investment today that generates
revenues in the future. Capitalisation has a considerable impact:
the cost of capital made up 33-51% of total costs per new
medicine in four studies (1, 2, 11, 13). The low estimate of
costs per new medicine calculated in (14) may derive, amongst
other things, from the fact that this study applied a cost
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of capital of 7%, whereas other studies used higher rates of
10.5%-14.4% (1, 2, 11–13, 15).

Furthermore, the literature indicates that R&D costs
per new medicine depend on the product class, whether
the medicine is developed in-house or is acquired, and
company characteristics (2).

Finally, the broader industrial, regulatory and policy
environment influences R&D costs of new medicines.
For instance, the literature generates pre-tax estimates
and, hence, does not consider deductibility of R&D
expenditure for taxation purposes (17). Cost estimates
reflect private sector investment in R&D of new medicines
and do not account for the public sector contribution
(to basic research and other R&D stages). Also, specific
policies targeting for example orphan medicines in the
United States, Japan and the European Union (such as
incentives, expedited review by marketing authorisation
authorities, a guaranteed market exclusivity period) support
R&D and market access of these products and, hence, affect
their costs.

Although a few studies break down R&D costs of new
medicines into costs associated with different drivers
(2, 11), there is a need to systematically provide estimates
of individual cost components in future studies with a view
to examine the relative importance of cost components and
how their importance evolves over time. Such information
could generate insight into R&D productivity and how
this could potentially be improved. For instance, a recent
literature review has synthesised data about success rates
and duration of the different phases of clinical development
of new medicines (18). Building on such knowledge, it has
been suggested that improving R&D success rates originate
from increased validation of drug targets in preclinical
research, use of biomarkers to identify subgroups of
patients, and the more rapid termination of unpromising
medicine candidates (19).

CONCLUSION

Estimates of R&D costs per new medicine derived from
the peer-reviewed and grey literature vary between US$944m
and US$2,826m (adjusted to 2019 prices). The evidence also
points toward an increase in these costs over time. Any
cost estimate needs to be interpreted in the context of and
is specific to the underlying methodology, sample and time
period of the study. Estimates are also dynamic: given that
the biopharmaceutical industry and the broader environment
continuously evolve, the costs to research and develop a new
medicine change. Future research would benefit from greater
accessibility and transparency of R&D cost data and from
improved methodologies to attribute costs of discovery and pre-
clinical development to individual medicines.

AUTHOR CONTRIBUTIONS

SS developed the idea and design of this study, carried out
the literature review, and wrote the manuscript. IH critically
reviewed the manuscript. Both authors contributed to the article
and approved the submitted version.

FUNDING

This research was funded by the European Federation of
Pharmaceutical Industries and Associations (EFPIA). The
sponsor had no involvement in study design; in the collection,
analysis and interpretation of data; in the writing of the paper;
and in the decision to submit the paper for publication.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2021.760762/full#supplementary-material

REFERENCES

1. DiMasi JA, Hansen RW, Grabowski HG. The price of innovation: new

estimates of drug development costs. J Health Econ. (2003) 22:151–85.

doi: 10.1016/S0167-6296(02)00126-1

2. Mestre-Ferrandiz J, Sussex J, Towse A. The RandD Cost of a New Medicine.

London: Office of Health Economics (2012)

3. Morgan S, Grootendorst P, Lexchin J, Cunningham C, Greyson D. The cost

of drug development: a systematic review. Health Policy. (2011) 100:4–17.

doi: 10.1016/j.healthpol.2010.12.002

4. Schlander M, Hernandez-Villafuerte K, Cheng CY, Mestre-Ferrandiz J,

Baumann M. How much does it cost to research and develop a new drug?

A systematic review and assessment. Pharmacoeconomics. (2021) 39:1243–69.

doi: 10.1007/s40273-021-01065-y

5. World Bank. GDP Deflator: Linked Series (Base Year Varies by Country)

- United States. (2020). Available online at: https://data.worldbank.org/

indicator/NY.GDP.DEFL.ZS.AD?end=2018andlocations=USandmost_

recent_year_desc=trueandstart=1989andview=chart (accessed June 17,

2021).

6. O’Hagan P, Farkas C. Bringing Pharma RandD Back to Health. London: Bain

and Company (2009).

7. DiMasi JA, Grabowski HG, Vernon J. RandD costs and returns by therapeutic

category.Drug Inform J. (2004) 38:211–23. doi: 10.1177/009286150403800301

8. DiMasi JA, Grabowski HG. The cost of biopharmaceutical RandD: is biotech

different?Manage Decis Econ. (2007) 28:469–79. doi: 10.1002/mde.1360

9. Adams CP, Brantner VV. Estimating the cost of new drug development:

is it really 802 million dollars? Health Aff. (2006) 25:420–8.

doi: 10.1377/hlthaff.25.2.420

10. Adams CP, Brantner VV. Spending on new drug development. Health Econ.

(2010) 19:130–41. doi: 10.1002/hec.1454

11. Paul SM, Mytelka DS, Dunwiddie CT, Persinger CC, Munos BH, Lindborg

SR, et al. How to improve RandD productivity: the pharmaceutical industry’s

grand challenge. Nat Rev Drug Discov. (2010) 9:203–14. doi: 10.1038/nrd3078

12. Vernon JA, Golec JH, Dimasi JA. Drug development costs when financial risk

is measured using the Fama-French three-factor model. Health Econ. (2010)

19:1002–5. doi: 10.1002/hec.1538

13. DiMasi JA, Grabowski HG, Hansen RW. Innovation in the pharmaceutical

industry: New estimates of RandD costs. J Health Econ. (2016) 47:20–33.

doi: 10.1016/j.jhealeco.2016.01.012

14. Prasad V, Mailankody S. Research and development spending to bring a single

cancer drug to market and revenues after approval. JAMA Intern Med. (2017)

177:1569–75. doi: 10.1001/jamainternmed.2017.3601

Frontiers in Medicine | www.frontiersin.org 5 October 2021 | Volume 8 | Article 760762

https://www.frontiersin.org/articles/10.3389/fmed.2021.760762/full#supplementary-material
https://doi.org/10.1016/S0167-6296(02)00126-1
https://doi.org/10.1016/j.healthpol.2010.12.002
https://doi.org/10.1007/s40273-021-01065-y
https://data.worldbank.org/indicator/NY.GDP.DEFL.ZS.AD?end=2018andlocations=USandmost_recent_year_desc=trueandstart=1989andview=chart
https://data.worldbank.org/indicator/NY.GDP.DEFL.ZS.AD?end=2018andlocations=USandmost_recent_year_desc=trueandstart=1989andview=chart
https://data.worldbank.org/indicator/NY.GDP.DEFL.ZS.AD?end=2018andlocations=USandmost_recent_year_desc=trueandstart=1989andview=chart
https://doi.org/10.1177/009286150403800301
https://doi.org/10.1002/mde.1360
https://doi.org/10.1377/hlthaff.25.2.420
https://doi.org/10.1002/hec.1454
https://doi.org/10.1038/nrd3078
https://doi.org/10.1002/hec.1538
https://doi.org/10.1016/j.jhealeco.2016.01.012
https://doi.org/10.1001/jamainternmed.2017.3601
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Simoens and Huys R&D Costs of New Medicines

15. Wouters OJ, McKee M, Luyten J. Estimated research and development

investment needed to bring a new medicine to market, 2009-2018. JAMA.

(2020) 323:844–53. doi: 10.1001/jama.2020.1166

16. Deloitte Centre for Health Solutions. Ten Years on: Measuring the Return

From Pharmaceutical Innovation 2019. (2019). Available online at: https://

www2.deloitte.com/content/dam/Deloitte/uk/Documents/life-sciences-

health-care/deloitte-uk-ten-years-on-measuring-return-on-pharma-

innovation-report-2019.pdf (accessed June 17, 2021).

17. Light DW, Lexchin JR. Pharmaceutical research and development: what do we

get for all that money? BMJ. (2012) 345:e4348. doi: 10.1136/bmj.e4348

18. Kimmitt R, Vieira M, Moon S. Research Synthesis: Time and Success Rates

of Pharmaceutical RandD. Geneva: The Graduate Institute Geneva Global

Health Centre (2020).

19. Pammolli F, Righetto L, Abrignani S, Pani L, Pelicci PG,

Rabosio E. The endless frontier? The recent increase of RandD

productivity in pharmaceuticals. J Transl Med. (2020) 18:162.

doi: 10.1186/s12967-020-02313-z

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Simoens and Huys. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org 6 October 2021 | Volume 8 | Article 760762

https://doi.org/10.1001/jama.2020.1166
https://www2.deloitte.com/content/dam/Deloitte/uk/Documents/life-sciences-health-care/deloitte-uk-ten-years-on-measuring-return-on-pharma-innovation-report-2019.pdf
https://www2.deloitte.com/content/dam/Deloitte/uk/Documents/life-sciences-health-care/deloitte-uk-ten-years-on-measuring-return-on-pharma-innovation-report-2019.pdf
https://www2.deloitte.com/content/dam/Deloitte/uk/Documents/life-sciences-health-care/deloitte-uk-ten-years-on-measuring-return-on-pharma-innovation-report-2019.pdf
https://www2.deloitte.com/content/dam/Deloitte/uk/Documents/life-sciences-health-care/deloitte-uk-ten-years-on-measuring-return-on-pharma-innovation-report-2019.pdf
https://doi.org/10.1136/bmj.e4348
https://doi.org/10.1186/s12967-020-02313-z
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	R&D Costs of New Medicines: A Landscape Analysis
	Introduction
	Methods
	Results
	Cost Estimates Based on Company Surveys
	Cost Estimates Based on Company Financial Statements
	Drivers of R&D Costs of New Medicines

	Conclusion
	Author Contributions
	Funding
	Supplementary Material
	References


