Drug Discovery Today ® Volume 30, Number 11 ® November 2025

L)

Check for
updates

e A

ELSEVIER

Feature

The R&D productivity challenge:
transforming the pharmaceutical
ecosystem

Alexander Schuhmacher ">, Oliver Gassmann 2, Sebastian Kwisda >, Malte Kremer*, Markus Hinder >°, Dominik Hartl-*

! Technische Hochschule Ingolstadt, Germany

2 University of St Gallen, Switzerland

3EY Parthenon Strategy & Transactions, Zurich, Switzerland
4EY Parthenon Strategy & Transactions, Berlin, Germany

®> Novartis, Basel, Switzerland

6 University of Zurich, Switzerland

7 University of Tiibingen, Germany

8 Granite Bio, Basel, Switzerland

The persistent decline in pharmaceutical R&D productivity has been extensively analyzed and debated
for over two decades, with profound implications for the structure and strategy of the pharmaceutical
industry. This systemic challenge forced many leading companies to adapt their R&D models,
influencing internal capabilities and external innovation strategies. In response, the industry has
evolved into a complex, interdependent biopharmaceutical ecosystem encompassing large pharma-
ceutical corporations, biotech innovators and specialized service providers. Although R&D productiv-
ity affects all research-driven companies, its consequences are particularly pronounced for large
pharmaceutical firms, because the scale and capital intensity of their R&D activities make productivity
a crucial determinant of long-term competitiveness and sustainability. By contrast, other stakeholders
are only partially adversely affected, whereas some can even obtain value from it.
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Introduction: R&D productivity is a organization converts resources into tion for >20 years. This issue impacts the
challenge for research-based defined outputs such as new drug launches entire pharmaceutical industry, across dif-
pharmaceutical companies (R&D efficiency)P? or how effectively it ferent types of pharmaceutical and biotech
Productivity of pharmaceutical R&D, captures medical or commercial value companies. ! P2 (PP, P06

understood as a return-on-R&D invest-  from them (R&D effectiveness)””] has Key factors contributing to low R&D

®D i i
ment rate [i.e, how efficiently a R&D  peen an extensively researched investiga- productivity include:
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e High complexity of science and tech-
nology: multifactorial diseases, person-
alized medicine, advanced screening
methods, new therapeutic modalities
such as gene and cell therapies and
the integration of data science and Al
are all examples of an increasingly com-
plex drug discovery landscape.

High regulatory hurdles for drug devel-
opment and new drug approval: height-
ened safety and efficacy standards,
longer and more-complex clinical trial
requirements and stricter post-market
surveillance significantly impact the
effort required for R&D. P78

e Long R&D timelines: drug discovery,
preclinical and clinical development
cycle times are becoming longer across
the industry with an average timeline
for drug discovery and development of
14 years."?

High drug discovery and development
costs: with more-complex technologies,
R&D expenses increase and accumulate
over time, leading to the substantial
cost per newly approved drug of >US
$2'6B.(P10),(P”)

e Expensive technology and asset acquisi-
tion: leading pharma companies
require significant investments in tech-
nology and external assets to manage
the complexity of biomedical science
and to fill R&D pipeline gaps, amount-
ing to >US$500B between 2012 and
2021.°12

Low (clinical) success rates: the proba-
bility of successfully developing a new
drug from first-in-human to market is
just 14.3%.P1%

At the core of its definition is the steadily
rising cost per new drug - a trend referred to
as Eroom’s Law.PV (P2 ®3).eH.(03.00 How.
ever, in recent years, the FDA has approved
a record number of new drugs, raising
hopes for improved R&D productivity and
prompting some to argue that Eroom'’s
Law might be breaking.”" From our per-
spective, the actual situation is likely to be
different.

e Despite a significant rise in R&D invest-
ments by the industry, public institu-
tions and venture capitalists, reaching
US$271B in 2021,7'* up from an esti-
mated US$50B by leading companies

in 2007,7? the number of new drug

approvals has not increased at the same

pace.(PlS),(pl())

The relative R&D output of leading

pharmaceutical companies has

declined, in terms of the number of
new drugs and the quality of
innovation.®'”)

e The increase in FDA drug approvals can
largely be attributed to smaller compa-
nies focusing on niche indications,
such as rare disease, particularly in the
past decade (Figure 1).

As a result, the ever-increasing R&D
costs per new drug have offset the indus-
try’s gains in approvals, indicating that
overall R&D productivity has not
improved.”® Beyond this open and debat-
able question of whether Eroom’s Law still
holds, many other aspects of the industry’s
R&D productivity crisis remain insuffi-
ciently understood and unresolved; for
example, the question of which actors in
biopharmaceutical ecosystems are more
affected by this challenge. Building on this
understanding, we asked whether R&D
productivity represents a broad challenge
for the entire pharmaceutical sector or is
it primarily an issue for big pharma. To
address this, (i) we discuss R&D productiv-
ity through the lens of business models
and (ii) we approach it as a qualitative con-
sideration rather than a quantitative anal-
ysis of R&D outcomes.

Big pharma’s business model in context
of R&D productivity

Big pharma companies traditionally con-
stitute the oligopolistic core of the indus-
try.?'® For these leading companies,
R&D productivity is a corporate challenge
of such magnitude that it raises concerns
about the long-term sustainability of their
innovation-driven business models®'”
(i.e., how they create and capture value
through R&D). For instance, between
2001 and 2020 nearly half of the leading
pharmaceutical companies had to com-
pensate for their negative R&D productiv-
ity through mergers and acquisitions
(M&As).?'? In response to this challenge,
leading companies have begun reshaping
their R&D business models by (i) stream-
lining operational activities and decision-
making, P20 P2D:(P22) (i) rethinking the

logic of value creation through more exter-
nal R&D,*?? (iii) including orphan drug
development in their value creation pro-
cess®* and (iv) redefining innovation
itself — specifically how ‘innovation’ is
defined and what level of innovation is
considered  appropriate  for  value
capturing.

First, companies such as Pfizer, Bristol-
Myers Squibb (BMS) and AstraZeneca have
optimized their decision-making criteria
and R&D processes in ways that have
enabled them to increase the efficiency of
their R&D organizations. P27 (P21:(P22) gec.
ond, many leading pharma companies
have developed their logic of value cre-
ation from the traditional fully integrated
pharma company (FIPCO) model to one
centered on the integration of external
assets as a core strategy for innova-
tion.PZ3(P29.(20) Eor example, between
2015 and 2021, leading pharmaceutical
companies sponsored 138 newly FDA-
approved drugs, of which 65% originated
from external sources, whereas only 28%
were discovered and developed in-
house.P*® This shift marks their transition
to a biotech-leveraged pharma company
(BIPCO) model.®??® Third, between 2014
and 2023, the FDA approved 229 orphan
drugs across the industry, of which 105
were sponsored by the top 20 pharmaceu-
tical companies.”'” By contrast, some
companies have redefined the R&D con-
cept and degree of innovation for them-
selves, prioritizing lifecycle management
over new drug development. For these
companies, value capture is more effec-
tively achieved by extending the commer-
cial potential of established therapies —
typically blockbusters — rather than relying
solely on a high number of new drug
approvals as the foundation of their R&D
strategy. This approach leverages the
potential not only of traditional block-
busters but also of ‘niche busters’"*”
and, ideally, fully exploits mega block-
busters commercially through broad line
extensions and other lifecycle manage-
ment activities.”*® Within the immunol-
ogy and inflammation space, Humira®
(adalimumab, AbbVie) exemplifies this
approach, whereas Keytruda® (pem-
brolizumab, Merck & Co.) serves as a suc-
cessful example in the category of
oncology. This strategic shift reflects the
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FIGURE 1

FDA-approved new drugs by type of company and designation (2008-2024). New molecular entities (NMEs) and new therapeutic biologics (NTBs) approved
by the FDA’s Center for Drug Evaluation and Research (CDER) by year (split according to company type and drug designation), orphan drug designation
(ODD) versus non-ODD. Big pharma refers to companies that belong to the group of leading pharmaceutical firms (top 20 by total revenues 2024); mid-sized
pharma are smaller (non-top 20) pharmaceutical companies; biotech (biotech innovator) are those firms that were founded after 1976 and do not belong to
the group of big pharma. The ‘others’ category includes organizations and public institutions whose business model does not typically correspond to that of a
research-based pharmaceutical or biotech company. Data Source: novel drug approvals at FDA (https://www.fda.gov/drugs/development-approval-process-
drugs/novel-drug-approvals-fda) supplemented by authors’ own data.

understanding that, although wvalue cre-
ation comes from an efficient R&D organi-
zation, value capturing is primarily driven
by individual assets - with mega-
blockbusters playing a crucial part in
ensuring financial stability.**®

R&D productivity and the
biopharmaceutical ecosystem

An ecosystem can be defined as a network
of interdependent and heterogenous
actors where activities mutually impact
one another.?P29:®30  [n  line with

extended definitions, ?*""3? the biophar-
maceutical ecosystem can be understood
as a complex innovation network that
integrates all relevant actors - industry,
investors, public research institutions, reg-
ulatory agencies and policymakers -

www.drugdiscoverytoday.com 3

w
o
=)
=
<
w
5



https://www.fda.gov/drugs/development-approval-process-drugs/novel-drug-approvals-fda
https://www.fda.gov/drugs/development-approval-process-drugs/novel-drug-approvals-fda

J4N1vad

FEATURE

Drug Discovery Today ® Volume 30, Number 11 ¢ November 2025

together with the economic dynamics and
interdependencies among them, function-
ing in a symbiotic manner to advance
biomedical science and technology, drive
innovation, as well as enable the discovery
and development of new drugs. Here,
value creation (the process of generating
value) and value capture (the process of
securing returns from value creation) are
fundamental activities of the companies
involved. "%

In this context, although companies in
the biopharmaceutical ecosystem differ in
terms of purpose, positioning, therapeutic
modalities, therapeutic areas or the use of
open versus closed R&D approaches, they
can be categorized according to their value
creation and capture mechanisms and fun-
damentally be divided into four categories:
(i) big pharma companies, (ii) mid-sized
pharma firms, (iii) biotech innovators
and (iv) service providers. Although the
fundamental industry conditions, such as
regulatory and quality standards or tech-
nology intensity, impact all companies
regardless of their size and scope, we argue
that the various categories are not equally
affected by the R&D productivity chal-
lenge. For instance, biotech innovators,
that often adopt a royalty income pharma
company (RIPCO) or platform-based busi-
ness model,”** typically do not operate
across the full value chain from drug dis-
covery to commercialization. Instead, they
focus on developing technology platforms
or lead assets (value creation) with the
intent to license or sell them to large phar-
maceutical companies (value capture). Bio-
tech innovators are often constrained by
limited resources — financial capital and
drug development capabilities — and rely
financially either on volatile public mar-
kets (public biotech) or venture capital
funding (private biotech). Additionally,
the scalability of novel therapeutic modal-
ities, such as cell and gene therapy, poses a
significant challenge to growing into fully
integrated, large-scale operations. More
specifically, given their resource limita-
tions, the growing complexity of biomedi-
cal science and investor expectations for a
timely exit, many biotech firms position
themselves as strategic partners for big
pharma, thereby becoming an integral
part of the value creation networks of lead-
ing companies.P>® 3536 1 2024 alone,
the industry recorded 136 M&A deals and
771 partnerships between pharma and

biotech firms,”*”’ which highlights the
close collaboration of biotech firms, bio-
tech investors and pharmaceutical compa-
nies in the biopharmaceutical ecosystem.
Thus, we argue that, with regard to the
positioning of biotech and particularly
the way in which biotech creates and cap-
tures value, their priority remains on
financing drug research and strategically
collaborating with big pharma, rather than
tackling the broader issue of R&D
productivity.

Mid-sized pharma companies find
themselves stuck in the middle - they lack
the scale and resources needed to sustain
an end-to-end integrated business model,
while being too large to operate solely as
cost-efficient biotech innovators.
Although, like all research-based compa-
nies, they are negatively affected by the
enormous costs of drug research, their pri-
mary challenge is not R&D efficiency itself,
because their R&D pipelines are typically
small. Rather, the main challenge for them
is the financial sustainability of a research-
driven business model. Specifically,
whether they can secure R&D funding
and competitive capabilities to cope with
the increasing complexities of drug R&D.
With cost estimates exceeding US$2.6B
per new drug, P'*"®1D P19 it becomes evi-
dent that mid-sized companies can no
longer maintain a business model based
purely on R&D, as is seen with big pharma.
As a result, they are left with two funda-
mental options: (i) to position themselves
as niche specialists, such as Vertex Phar-
maceuticals or Ipsen Pharma, that focus
on rare diseases, where the emphasis is
probably placed more on value creation
than value capturing, as would be
expected in a more competitive mature
market segment; or (ii) to exit the market
entirely, as demonstrated by ALTANA
Pharma, which merged with Nycomed in
2006 and was later acquired by Takeda in
2012, after failing to develop a commer-
cially successful successor to the block-
buster pantoprazole.

Service providers, such as research ser-
vice companies or clinical research organi-
zations (CROs), P> 38 emerged in the
1980s and 1990s and have increasingly
taken over parts of the value creation pro-
cess of leading companies, such as toxicol-
ogy studies or clinical trial operations. In
doing so, they support big pharma compa-
nies in improving R&D efficiency by out-

sourcing parts of the value chain at lower
cost and with greater flexibility, particu-
larly in view of the high technical risks
and planning uncertainties in drug
R&D.P39:(P40) This, in turn, allows leading
companies to large-scale outsource while
focusing internal resources on those seg-
ments of the value chain that are crucial
to  maintaining  their
advantage.

Contract development and manufac-
turing organizations (CDMOs) also operate
at a small segment of the value chain and
create value not only by providing quality
services but also specifically by hedging
strategic risk, taking on the high invest-
ment costs of production facilities — often
hundreds of millions of US$ — which orig-
inator companies typically cannot justify
owing to small R&D pipelines and low suc-
cess rates of individual R&D projects. This
makes them, like CROs, an integral part of
the value creation network of leading com-
panies. However, when a major drug suc-
ceeds, as seen with the recent GLP-1
boom, these investments become viable.
For instance, Novo Nordisk acquired Catal-
ent for US$19B and is investing US$4.1B to
expand production for Ozempic® and
Wegovy®.P*!) Similarly, Eli Lilly plans to
invest US$27B in manufacturing facilities
driven by the success of Mounjaro®.?*?

In contrast to the categories mentioned
above, the challenge of R&D productivity
puts end-to-end integrated pharma com-
panies under constant pressure to manage
(i) large R&D organizations, where econ-
omy of scale plays a role,*'" and (ii) broad
and diverse project portfolios,?*? to
ensure a steady R&D output. In addition,
they must increasingly rely on external
innovation, P** because internal R&D
alone cannot guarantee the required
steady stream of new drugs. Specifically,
given their annual multi-billion-dollar
R&D investments, big pharma investors
place significant pressure on these compa-
nies to ensure R&D efficiency (an appro-
priate ratio of R&D expenditure to new
drug approvals) and R&D effectiveness (a
high level of commercial success relative
to R&D investments). This in turn influ-
ences the evolution of business models
toward maximizing R&D productivity:
big pharma’s business model sustainability
depends on continuously launching high-
selling drugs or maintaining mega block-
busters, P?®: 4> because these drugs are

competitive
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essential to finance large R&D infrastruc-
tures, cover drug development costs and
fund the costly M&As required for value
creation and value capturing.*>

Concluding remarks and future
perspectives: is R&D productivity
ultimately just a big pharma problem?
In our view, only the largest pharmaceu-
tical companies operate a  well-
established, end-to-end integrated busi-
ness model (FIPCO or BIPCO) and are
therefore directly and fully affected by
the R&D productivity challenge. Given
their orientation toward growth through
innovation, these companies typically (i)
follow a first-in-class strategy,”*® which
requires them to (ii) leverage
science, (iii) take the inherent risk of
drug research, (iv) commit substantial
resources to drug development, (v)
finance R&D expenditures over very long
timelines and (vi) secure growth through
the launch of new drugs, whether inter-
nally discovered or externally acquired.
Consequently, they must address the
dual challenge of maximizing R&D effi-
ciency and effectiveness to ensure busi-
ness sustainability, as evidenced by big
pharma’s adaptation of business models
and numerous initiatives to enhance
R&D performance. P??: (P21, (022),(p26), (p47)
Biotech innovators and other research-
based firms often fail to reach the stage
where optimizing R&D efficiency along
the entire value chain or aligning business
models toward R&D effectiveness becomes
relevant, because they operate in smaller
parts of R&D or assume different roles in
the ecosystem. Instead, they prioritize dif-
ferent issues at the top of their agendas.
Still, financial indicators can suggest a dif-
ferent picture: for instance, a study on
investor returns showed that pharmaceuti-
cal companies (1980-2015) outperformed
biotech firms.?*® Second, biotech innova-
tors, with fewer pipeline assets, are less
able to absorb failures than big pharma,
making them more vulnerable to business

new

References

1. Ringel MS, Scannell JW, Baedeker M, Schulze U.
Breaking FEroom’s law. Nat Rev Drug Discov.
2020;19:833-834.

2. Paul SM, Mytelka DS, Dunwiddie CT, Persinger CC,
Munos BH, Lindborg SR, Schacht AL. How to

improve R&D productivity: the pharmaceutical

failure. Third, since the COVID-19 pan-
demic, the NASDAQ Biotech Index has
also declined more sharply than the NYSE
Arca Pharmaceutical Index, suggesting
that R&D productivity pressures weigh
more heavily on early-stage biotech than
on big pharma. In our view, these financial
indicators mentioned could be related to
R&D productivity; however, it is more
likely that additional factors influence the
valuation of start-ups.®*"

On closer assessment, one could even
argue that they benefit from the R&D pro-
ductivity challenge faced by the leading
companies, because they are part of their
value creation process. In this sense, the
success of big pharma is contingent upon
the contributions of other ecosystem
actors, with all actors being intercon-
nected through a dynamic process of
mutual co-evolution,?*”

e For instance, biotech innovators benefit
from large pharmaceutical companies’
need to manage the high complexity
of science and technology, to fill R&D
pipeline gaps and address product port-
folio issues. Thus, biotech companies
view big pharma as a source of financ-

ing, " exemplified by licensing deals,
equity investments or acquisitions -
with big pharma serving as an exit strat-
egy option for biotech innovators and
investors.
To offset enormous R&D investments,
leading companies target market seg-
ments with the highest commercial
potential, leaving gaps that mid-sized
firms can fill through non-competitive
niche (specialty) strategies or low-risk
me-too approaches™" that build on
big pharma’s costly successes and
failures.

e CROs and CDMOs benefit from the
need of leading pharmaceutical compa-
nies to focus their resources on key ele-
ments of the value chain. Especially in
light of the very low success rates and

industry’s grand challenge. Nat Rev Drug Discov.
2010;9:203-214. https://doi.org/10.1038/nrd3078.

3. Booth B, Zemmel R. Prospects for productivity. Nat
Rev Drug Discov. 2004;3:451-456. https://doi.org/
10.1038/nrd1384.

long timelines in R&D, service provi-
ders take on important roles in improv-
ing efficiency and minimizing risk
throughout the R&D process.

Following this line of reasoning, the
R&D productivity challenge has not only
shaped the strategies of leading pharma-
ceutical companies over the past 20 years,
driving most of them to adopt BIPCO
models, but has also transformed the
entire industry. It has created today’s inter-
connected biopharmaceutical ecosystem,
with big pharma at its center, bearing the
highest risks due to its substantial R&D
investments and facing constant pressure
to generate high returns, thereby becom-
ing locked into a cycle of continuous opti-
mization of R&D productivity. Other
actors support big pharma in improving
its R&D efficiency and are thus involved
in its value creation, while they most often
depend on its performance and success.
From this, it can be concluded that R&D
productivity remains a universal challenge
in the biopharmaceutical ecosystem,
although it has the most fundamental
impact on big pharma.

CRediT authorship contribution
statement

Alexander Schuhmacher: Writing -
review & editing, Writing — original draft,
Project administration, Methodology,
Investigation, Formal analysis, Data cura-
tion, Conceptualization. Oliver Gass-
mann: Writing - review & editing,
Writing - original draft. Sebastian
Kwisda: Writing - review & editing,
Writing — original draft. Malte Kremer:
Writing — review & editing. Markus Hin-
der: Writing — review & editing, Writing —
original draft. Dominik Hartl: Writing
—review & editing, Writing — original draft,
Conceptualization.

Data availability
Data will be made available on request.

4. Munos B. Lessons from 60 years of pharmaceutical
innovation. Nat Rev Drug Discov. 2009;8:959-968.
https://doi.org/10.1038/nrd2961.

5. Scannell JW, Blanckley A, Boldon H, Warrington B.
Diagnosing the decline in pharmaceutical R&D
efficiency. Nat Rev Drug Discov. 2012;11:191-200.
https://doi.org/10.1038/nrd3681.

www.drugdiscoverytoday.com 5

w
[~
2
=
<
w
5



http://refhub.elsevier.com/S1359-6446(25)00207-7/h0005
http://refhub.elsevier.com/S1359-6446(25)00207-7/h0005
http://refhub.elsevier.com/S1359-6446(25)00207-7/h0005
https://doi.org/10.1038/nrd3078
https://doi.org/10.1038/nrd1384
https://doi.org/10.1038/nrd1384
https://doi.org/10.1038/nrd2961
https://doi.org/10.1038/nrd3681

J4NLv3ad

FEATURE

Drug Discovery Today ® Volume 30, Number 11 ¢ November 2025

10.

11.

12.

13.

14.

1S5.

16.

17.

18.

19.

20.

21.

. Roland A, Fox W, Baker A. Efficiency, effectiveness

and productivity in pharmaceutical R&D. Nat Rev
Drug Discov. 2024. https://doi.org/10.1038/d41573-
024-00068-6.

. Kesselheim AS, Sinha MS, Avorn ], Sarpatwari A.

Pharmaceutical policy in the United States in 2019:
an overview of the landscape and avenues for
improvement. Stanford Law Policy Rev. 2019;30:421.

. Seoane-Vazquez E, Rodriguez-Monguio R, Powers

JH I Analysis of US Food and Drug
Administration new drug and biologic approvals,
regulatory pathways, and review times, 1980-2022.
Sci Rep. 2024;14:3325. https://doi.org/10.1038,
541598-024-12345-x.

. Darrow JJ, Avorn J, Kesselheim AS. FDA approval

and regulation of pharmaceuticals, 1983-2018.
JAMA. 2020;323:164-176. https:
10.1001/jama.2019.20288.

DiMasi JA, Grabowski HG, Hansen RW. Innovation
in the pharmaceutical industry: new estimates of
R&D costs. | Health Econ. 2016;47:20-33. https:

doi.or:

22.

23.

24.

25.

26.

Fernando K et al. Achieving end-to-end success in
the clinic: Pfizer’s learnings on R&D productivity.
Drug Discov Today. 2022;27:697-704. https://doi.
0rg/10.1016/j.drudis.2021.12.010.

Hunter J, Stephens S. Is open innovation the way
forward for big pharma? Nat Rev Drug Discov.
2010;9:87-88. https://doi.org/10.1038/nrd3099.
Meekings KN, Williams CS, Arrowsmith JE. Orphan
drug development: an economically viable strategy
for biopharma R&D. Drug Discov Today.
2012;17:660-664. https://doi.org/10.1016,
j.drudis.2012.01.005.

Scarlett JA. Biotechnology's emerging
opportunities: lessons from the Bauhaus. Nat
Biotechnol. 1999;17:BE13-BE15. https://doi.or
10.1038/4629.

Schuhmacher A, Hinder M, Dodel A, Gassmann O,
Hartl D. Investigating the origins of recent
pharmaceutical innovation. Nat Rev Drug Discov.
2023;22:781-782. https://doi.org/10.1038/d41573-
023-00102-z.

doi.org/10.1016/j.jhealeco.2016.01.012.
Schuhmacher A, Wilisch L, Kuss M, Kandelbauer A,
Hinder M, Gassmann O. R&D efficiency of leading
pharmaceutical companies: a 20-year analysis. Drug
Discov Today. 2021;26:1784-1789. https://doi.org/
10.1016/j.drudis.2021.05.005.

Schuhmacher A, Grinchenko K, Gassmann O, Hartl
M, Hinder M. A case study assessing the impact of
M&A and licensing on FDA drug approvals of
leading pharmaceutical companies. Drug Discov
Today. 2025;30, 104306. https://doi.org/10.1016

27.

28.

29.

Dolgin E. Big pharma moves from “blockbusters” to
“niche busters. Nat Med. 2010;16:837. https://doi.
0rg/10.1038/nm0810-837a.

Schuhmacher A, Hinder M, Boger N, Gassmann O,
Hartl D. Is the blockbuster imperative broken? Drug
Discov Today. 2023;28, 103789. https://doi.org

41.

42.

43.

44.

45.

Dunleavy K. Novo Nordisk reveals plan to build
mammoth $4.1B plant in North Carolina to help
produce Ozempic. Fierce Pharma. Published 2025.
Accessed April 28, 2025. https://
www.fiercepharma.com/manufacturing/41b-novo-
nordisk-will-add-second-fill-finish-plant-nc-
produce-ozempic-and-wegovy.

Angus L. Want a piece of Lilly's $27B US
investment? Please send your
application. Fierce Pharma. Published 2025.
Accessed April 28, 2025. https://
www.fiercepharma.com/manufacturing/want-
piece-lillys-27b-us-manufacturing-investment-
please-send-your-application.

Lloyd I. Pharma R&D Annual Review 2024.
Citeline. Published 2024. Accessed April 28, 2025.
https://www.citeline.com/-/media/citeline/
resources/pdf/white-paper_annual-pharma-rd-
review-2024.pdf.

Senior M. Pharma backs off biotech acquisitions.
Nat Biotechnol. 2022;40:1546-1550. https://doi.org/
10.1038/541587-022-01529-2.

Schuhmacher A, Hinder M, Boger N, Hartl D,
Gassmann O. The significance of blockbusters in
the pharmaceutical industry. Nat Rev Drug Discov.
2023;22:177-178. https://doi.org/10.1038/d41573-
022-00213-z.

manufacturing

10.1016/j.drudis.2023.103789.
Jacobides MG, Cennamo C, Gawer A. Towards a

46.

Schulze U, Ringel M. What matters most in
commercial success: first-in-class or best-in-class?
Nat Rev Drug Discov. 2013;12:419-420. https://doi.
org/10.1038/nrd4035.

theory of ecosystems. Strateg Manag J.
2018;39:2255-2276. https://doi.org/10.1002
smj.2904.

j.drudis.2025.104306.

Schuhmacher A, Hinder M, Brief E, Gassmann O,
Hartl D. Benchmarking R&D success rates of
leading pharmaceutical companies: an empirical
analysis of FDA approvals (2006-2022). Drug Discov
Today. 2025;30, 104291. https://doi.org/10.1016/
j.drudis.2025.104291.

Chandra A et al. Comprehensive measurement of
biopharmaceutical R&D investment. Nat Rev Drug
Discov. 2024;23:652-653. https://doi.org/10.1038
d41573-024-00131-2.

Hughes B. 2007 FDA drug approvals: a year of flux.
Nat Rev Drug Discov. 2008;7:107-109. https://doi.
0rg/10.1038/nrd2514.

Mullard A. FDA approvals. Nat Rev Drug Discov.
2022;2023(22):83-88. https://doi.org/10.1038,
d41573-023-00001-3.

Schuhmacher A, Gassmann O, Hinder M, Hartl D.
Comparative analysis of FDA approvals by top 20
pharma companies (2014-2023). Drug Discov
Today. 2024;29, 104128. https://doi.org/10.1016
j.drudis.2024.104128.

Achilladelis B, Antonakis N. The dynamics of
technological the case of the
pharmaceutical Res Policy.
2001;30:535-588.

Schuhmacher A, Hinder M, von Stegmann und
Stein A, Hartl D, Gassmann O. Analysis of pharma
R&D productivity: a new perspective needed. Drug
Discov Today. 2023;28, 103726. https://doi.org/
10.1016/j.drudis.2023.103726.
Viraswami-Appanna K et al. Accelerating drug
development at Bristol Myers Squibb through
innovation. Drug Discov Today. 2024;29, 103952.
https://doi.org/10.1016/j.drudis.2024.103952.
Morgan P et al. Impact of a five-dimensional
framework on R&D productivity at AstraZeneca.
Nat Rev Drug Discov. 2018;17:167-181. https://doi.
0org/10.1038/nrd.2017.244.

innovation:
industry.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Dai G, Zhang L, Zhang Q, Mao M. Navigating
tensions between value creation and capture in
ecosystems. J Bus Res. 2024;170, 114333. https:

47.

Schuhmacher A.
evolutionary economics is shaping the future of
pharma R&D. Drug Discov Today. 2024;29, 104222.
https://doi.org/10.1016/j.drudis.2024.104222.

Pharma innovation: how

doi.org/10.1016/j.jbusres.2023.114333.

Jackson DJ. What is an innovation ecosystem. Natl
Sci Found. 2011;1:1-13.

Khademi B. Ecosystem value creation and capture:
a systematic review of literature and potential
research opportunities. Technol Innov Manag Rev.
2020;10. https: 10.22215/timreview,

1316.

Chesbrough H, Lettl C, Ritter T. Value creation and
value capture in open innovation. J Prod Innov
Manag. 2018;35:930-938. https://doi.org/10.1111

doi.or:

48.

49.

50.

Thakor RT et al. Just how good an investment is the
biopharmaceutical ~ sector?  Nat  Biotechnol.
2017;35:1149-1157. https://doi.org/10.1038
nbt.4023.

Bosley K, Casebourn C, Chan P, et al. Voices of
biotech leaders. Nat Biotechnol. 2021;39:654-660.
https://doi.org/10.1038/s41587-021-00941-4.

von Dydiowa G, van Deventer S, Couto DS. How
large pharma impacts biotechnology startup
success. Nat Biotechnol. 2021;39:266-269. https://
doi.org/10.1038/s41587-021-00823-6.

jpim.12471.
Horvarth B et al. Investigating the business model

innovation trends in the biotechnology industry. J
Bus Econ Manag. 2019;20:63-85. https://doi.org,

S1.

Arcidiacono P, Ellickson PB, Landry P, Ridley DB.
Pharmaceutical followers. Int ] Ind Organ.
2013;31:538-553. https://doi.org/10.1016/j.
ijindorg.2013.05.007.

10.3846/jbem.2019.6880.

Tearing up the traditional biotech playbook. Nat
Biotechnol. 2024;42:1. https://doi.org/10.1038/
541587-023-02119-6. PMID: 38191665.

Senior M. Biopharma deals get smaller and earlier.
Nat Biotechnol. 2025;43:11-18. https://doi.org/
10.1038/541587-024-02506-7.

Giglio P, Micklus A. Biopharma dealmaking in
2024. Nat Rev Drug Discov. 2025;24:86-87. https://
doi.org/10.1038/d41573-025-00013-1.

Piachaud BS. Outsourcing in the pharmaceutical
manufacturing process: an examination of the CRO
experience. Technovation. 2002;22:81-90. https://
doi.org/10.1016/S0166-4972(01)00004-0.

Nash DB. What is your IQ(VIA)? Am Health Drug
Benefits. 2021;14:13-14.

Lowman M, Trott P, Hoecht A, Sellam Z.
Innovation risks of outsourcing in pharmaceutical
new  product development. Technovation.
2012;32:99-109. https://doi.org/10.1016/j.
technovation.2011.11.004.

Alexander Schuhmacher ">, Oliver Gassmann 2
, Sebastian Kwisda 3, Malte Kremer*,
Markus Hinder >*°, Dominik Hartl 7®

! Technische Hochschule Ingolstadt, Germany

2 University of St Gallen, Switzerland

3EY Parthenon Strategy & Transactions, Zurich,
Switzerland

4EY Parthenon Strategy & Transactions, Berlin,
Germany

5> Novartis, Basel, Switzerland

6University of Zurich, Switzerland

7 University of Tiibingen, Germany

8 Granite Bio, Basel, Switzerland

* Corresponding author.
alexander.schuhmacher@thi.de (A. Schuhmacher)

www.drugdiscoverytoday.com


https://doi.org/10.1038/d41573-024-00068-6
https://doi.org/10.1038/d41573-024-00068-6
http://refhub.elsevier.com/S1359-6446(25)00207-7/h0035
http://refhub.elsevier.com/S1359-6446(25)00207-7/h0035
http://refhub.elsevier.com/S1359-6446(25)00207-7/h0035
http://refhub.elsevier.com/S1359-6446(25)00207-7/h0035
https://doi.org/10.1038/s41598-024-12345-x
https://doi.org/10.1038/s41598-024-12345-x
https://doi.org/10.1001/jama.2019.20288
https://doi.org/10.1001/jama.2019.20288
https://doi.org/10.1016/j.jhealeco.2016.01.012
https://doi.org/10.1016/j.jhealeco.2016.01.012
https://doi.org/10.1016/j.drudis.2021.05.005
https://doi.org/10.1016/j.drudis.2021.05.005
https://doi.org/10.1016/j.drudis.2025.104306
https://doi.org/10.1016/j.drudis.2025.104306
https://doi.org/10.1016/j.drudis.2025.104291
https://doi.org/10.1016/j.drudis.2025.104291
https://doi.org/10.1038/d41573-024-00131-2
https://doi.org/10.1038/d41573-024-00131-2
https://doi.org/10.1038/nrd2514
https://doi.org/10.1038/nrd2514
https://doi.org/10.1038/d41573-023-00001-3
https://doi.org/10.1038/d41573-023-00001-3
https://doi.org/10.1016/j.drudis.2024.104128
https://doi.org/10.1016/j.drudis.2024.104128
http://refhub.elsevier.com/S1359-6446(25)00207-7/h0090
http://refhub.elsevier.com/S1359-6446(25)00207-7/h0090
http://refhub.elsevier.com/S1359-6446(25)00207-7/h0090
http://refhub.elsevier.com/S1359-6446(25)00207-7/h0090
https://doi.org/10.1016/j.drudis.2023.103726
https://doi.org/10.1016/j.drudis.2023.103726
https://doi.org/10.1016/j.drudis.2024.103952
https://doi.org/10.1038/nrd.2017.244
https://doi.org/10.1038/nrd.2017.244
https://doi.org/10.1016/j.drudis.2021.12.010
https://doi.org/10.1016/j.drudis.2021.12.010
https://doi.org/10.1038/nrd3099
https://doi.org/10.1016/j.drudis.2012.01.005
https://doi.org/10.1016/j.drudis.2012.01.005
https://doi.org/10.1038/4629
https://doi.org/10.1038/4629
https://doi.org/10.1038/d41573-023-00102-z
https://doi.org/10.1038/d41573-023-00102-z
https://doi.org/10.1038/nm0810-837a
https://doi.org/10.1038/nm0810-837a
https://doi.org/10.1016/j.drudis.2023.103789
https://doi.org/10.1016/j.drudis.2023.103789
https://doi.org/10.1002/smj.2904
https://doi.org/10.1002/smj.2904
https://doi.org/10.1016/j.jbusres.2023.114333
https://doi.org/10.1016/j.jbusres.2023.114333
http://refhub.elsevier.com/S1359-6446(25)00207-7/h0155
http://refhub.elsevier.com/S1359-6446(25)00207-7/h0155
https://doi.org/10.22215/timreview/1316
https://doi.org/10.22215/timreview/1316
https://doi.org/10.1111/jpim.12471
https://doi.org/10.1111/jpim.12471
https://doi.org/10.3846/jbem.2019.6880
https://doi.org/10.3846/jbem.2019.6880
https://doi.org/10.1038/s41587-023-02119-6
https://doi.org/10.1038/s41587-023-02119-6
https://doi.org/10.1038/s41587-024-02506-7
https://doi.org/10.1038/s41587-024-02506-7
https://doi.org/10.1038/d41573-025-00013-1
https://doi.org/10.1038/d41573-025-00013-1
https://doi.org/10.1016/S0166-4972(01)00004-0
https://doi.org/10.1016/S0166-4972(01)00004-0
http://refhub.elsevier.com/S1359-6446(25)00207-7/h0195
http://refhub.elsevier.com/S1359-6446(25)00207-7/h0195
https://doi.org/10.1016/j.technovation.2011.11.004
https://doi.org/10.1016/j.technovation.2011.11.004
https://www.fiercepharma.com/manufacturing/41b-novo-nordisk-will-add-second-fill-finish-plant-nc-produce-ozempic-and-wegovy
https://www.fiercepharma.com/manufacturing/41b-novo-nordisk-will-add-second-fill-finish-plant-nc-produce-ozempic-and-wegovy
https://www.fiercepharma.com/manufacturing/41b-novo-nordisk-will-add-second-fill-finish-plant-nc-produce-ozempic-and-wegovy
https://www.fiercepharma.com/manufacturing/41b-novo-nordisk-will-add-second-fill-finish-plant-nc-produce-ozempic-and-wegovy
https://www.fiercepharma.com/manufacturing/want-piece-lillys-27b-us-manufacturing-investment-please-send-your-application
https://www.fiercepharma.com/manufacturing/want-piece-lillys-27b-us-manufacturing-investment-please-send-your-application
https://www.fiercepharma.com/manufacturing/want-piece-lillys-27b-us-manufacturing-investment-please-send-your-application
https://www.fiercepharma.com/manufacturing/want-piece-lillys-27b-us-manufacturing-investment-please-send-your-application
https://www.citeline.com/-/media/citeline/resources/pdf/white-paper_annual-pharma-rd-review-2024.pdf
https://www.citeline.com/-/media/citeline/resources/pdf/white-paper_annual-pharma-rd-review-2024.pdf
https://www.citeline.com/-/media/citeline/resources/pdf/white-paper_annual-pharma-rd-review-2024.pdf
https://doi.org/10.1038/s41587-022-01529-2
https://doi.org/10.1038/s41587-022-01529-2
https://doi.org/10.1038/d41573-022-00213-z
https://doi.org/10.1038/d41573-022-00213-z
https://doi.org/10.1038/nrd4035
https://doi.org/10.1038/nrd4035
https://doi.org/10.1016/j.drudis.2024.104222
https://doi.org/10.1038/nbt.4023
https://doi.org/10.1038/nbt.4023
https://doi.org/10.1038/s41587-021-00941-4
https://doi.org/10.1038/s41587-021-00823-6
https://doi.org/10.1038/s41587-021-00823-6
https://doi.org/10.1016/j.ijindorg.2013.05.007
https://doi.org/10.1016/j.ijindorg.2013.05.007
mailto:alexan�der.schuh�macher@thi.de

	atl1
	Introduction: R&D productivity is a challenge for research-based pharmaceutical companies
	Big pharma’s business model in context of R&D productivity
	R&D productivity and the biopharmaceutical ecosystem
	Concluding remarks and future perspectives: is R&D productivity ultimately just a big pharma problem?
	CRediT authorship contribution statement
	References




