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Abstract: Innovation in the pharmaceutical sector is shaped not only by scientific discovery but also by regulatory
mechanisms that influence the direction, speed, and priorities of technological development. In science-based industries
such as pharmaceuticals, where innovation depends heavily on the accumulation of scientific knowledge, regulatory
frameworks play a central role in shaping innovation trajectories. Among these, the U.S. Food and Drug Administration’s
Breakthrough Therapy Designation (BTD), introduced under the Food and Drug Administration Safety and Innovation Act
(FDASIA) in 2012, represents a mechanism designed to accelerate development of promising drugs. While prior research has
focused on BTD effects on development timelines, approval outcomes, and firm-level investment, less attention has been
given to its relationship with scientific knowledge production. This study examines how BTD is associated with patterns of
scientific publication activity across disease areas, focusing on leukemia, lymphoma, and multiple myeloma. Using FDA
approval and Web of Science bibliometric data, we construct a group of BTD and comparable non-BTD drugs and analyze
publication trends before and after designation using a difference-in-differences approach. The results show that the BTD
group shows higher trend of increase in publication activity following designation compared to the non-BTD. Log-
transformed trends indicate stronger relative growth for BTD-designated drugs, with a positive DiD. However, the DiD
estimate is not statistically significant. These findings suggest that regulatory designation may be associated with increased
production of scientific knowledges. Further research is needed to extend the analysis of regulation-induced innovation into
knowledge dynamics.
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1. Introduction

Innovation in the pharmaceutical sector is shaped not only by scientific discovery but also by regulatory
mechanisms that influence the speed, direction, and priorities of technological development (Dosi, 1982; Nelson
and Winter, 1985; Freeman, 1994). In science-based industries such as pharmaceuticals, innovation depends
heavily on the production, accumulation, and integration of scientific knowledge across multiple stages of
research and development (R&D) (Pavitt, 1984; Freeman and Soete, 1997). Because pharmaceutical R&D is
characterized by high uncertainty, long development timelines, and significant financial risk, regulatory
arrangements constitute a key institutional factor shaping R&D costs, incentives, and the direction of innovation
in drug development (Grabowski and Vernon, 2000; Nightingale and Mahdi, 2006; Pisano, 2006; Sampat and
Lichtenberg, 2011; DiMasi et al., 2016). Regulation should therefore be understood not merely as a constraining
factor, but also as an accelerating and directional mechanism.

A distinctive example is the U.S. Food and Drug Administration’s breakthrough therapy designation (BTD),
introduced under the Food and Drug Administration Safety and Innovation Act in 2012. BTD accelerates the
development and review of therapies that may offer substantial improvement over existing treatments
(Sherman et al., 2013; Kesselheim et al., 2015). Unlike earlier FDA pathways such as fast track, breakthrough
therapy designation emphasizes early recognition of promising innovations and prioritizes development through
enhanced regulatory engagement (Baird et al.,, 2014). It combines procedural acceleration with early
prioritization.

BTD can influence innovation by shaping firms’ R&D behavior and directing effort toward more promising
therapies (Thomas, 1990; Eisenberg, 2006). In sectors where scientific publication is a key form of knowledge
production, regulatory designation may influence outcomes beyond approval timelines. BTD may therefore be
associated with changes in scientific publication patterns.
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Existing research has examined regulatory incentives in terms of approval speed, development timelines, and
firm-level investment. However, the relationship between regulatory designation and scientific knowledge
production remains less understood. Few studies have focused on the association between regulatory
mechanisms and patterns of scientific publication activity.

This study examines how BTD relates to scientific knowledge production across disease areas. Specifically, it
investigates whether BTD is associated with changes in scientific publication activity relative to comparable non-
designated drugs.

2. Literature Review

2.1 Regulation and Innovation

Innovation emerges from interactions among firms, institutions, knowledge infrastructures, and policy
environments (Freeman, 1994; Breschi et al., 2000; Lundvall, 2007). In science-based sectors such as
pharmaceuticals, innovation depends heavily on scientific knowledge (Pavitt, 1984). Regulation is a critical
institutional mechanism shaping innovation by governing clinical trial standards and the validation of safety and
efficacy (Cockburn and Henderson, 1998; 2001; Orsenigo et al., 2001; Pisano, 2006).

The Porter Hypothesis suggests that regulation can incentivize firms to develop new technologies (Porter, 1990;
Porter and Vanderlinde, 1995). Empirical findings indicate that these effects vary across contexts (Wagner,
2003). Most research has focused on economic outcomes such as patents and firm performance (Lanoie et al.,
2011; Ambec et al., 2013), with limited attention to scientific knowledge dynamics.

This gap is important in pharmaceuticals, where innovation depends on the accumulation and use of scientific
evidence (Eisenberg, 2006). Understanding how regulation influences knowledge production extends existing
research.

2.2 Breakthrough Therapy Designation as a Regulatory Incentive

Regulatory frameworks have incorporated expedited mechanisms to accelerate drug development under
uncertainty. FDA programs such as Fast Track, Priority Review, and Accelerated Approval improve access to
therapies (Kesselheim et al., 2015; Haffner, 2016).

Breakthrough Therapy Designation is granted when preliminary evidence indicates substantial improvement
over existing therapies (Sherman et al., 2013; Baird et al., 2014). It involves early interaction between regulators
and firms, reducing uncertainty and supporting efficient development.

Existing research has examined its effects on development timelines and investment (Shea et al., 2016; Chandra
et al., 2026). Less attention has been paid to its relationship with scientific knowledge dynamics. This study
addresses this gap by examining publication activity.

3. Methods

To examine the association between regulatory designation and scientific knowledge dynamic, BTD data were
obtained from the FDA database, which provides information on approved drugs and indications. A total of 303
approvals were granted between 2013 and 2024.

The dataset was refined using a 10-year window (2013-2023), including only original treatment approvals,
yielding 73 cases. The analysis focuses on leukemia, lymphoma, and multiple myeloma. For each, matched non-
BTD drugs were selected based on similar indications and approval timing using the FDA Orange Book.

Scientific knowledge production is measured using publication activity. Annual publication counts were collected
from the Web of Science Core Collection using Title [drug name] AND All field [disease name].

A three-year pre and post designation window was applied. Publication counts were log-transformed. An event-
time difference-in-differences (DiD) model was used with drug and relative-period fixed effects:
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where Y is the publication count for drug i in period t; BTD; indicates treated drugs; and Post; denotes post-
designation periods. The model includes drug fixed effects (a;) and relative-period fixed effects (6:).

4. Results

BTD-designated drugs show remarkable increase in publication activity following designation compared to non-
BTD drugs (Figure 1). After log transformation to account for absolute differences, the DiD is positive (+0.85),
indicating higher relative growth in BTD (Table 1). This suggests that regulatory designation is associated with
increased scientific knowledge production. However, the DiD estimate is not statistically significant (B = 0.116,

SE = 0.569), indicating no robust causal evidence.
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Figure 1: Publication Trends of BTD and Non-BTD (Absolute and Log Scales)

Table 1: Group Means of Log-Transformed Publication Counts (Pre- and Post-Designation)
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Group Pre (Log Mean) Post (Log Mean) Change
BTD 1.39 3.33 +1.94
Non-BTD 3.24 4.33 +1.09
DiD - - +0.85

5. Discussion and Conclusion

The findings suggest that BTD is associated with trend of increased scientific publication activity. Although not
statistically significant, the positive trend indicates that regulatory signals may influence knowledge production.

This aligns with research showing that regulation can promote innovation (Wagner, 2003). The results extend
this perspective by focusing on knowledge dynamics.

This study contributes by examining regulation-induced innovation beyond traditional outcomes such as patents
and development speed. It highlights the role of regulation in shaping scientific activity.

The small sample size is limitation of this research; therefore, further research should expand the larger dataset
and examine knowledge networks and structures.

Acknowledgements

This research was supported by the 2026 Early-Career Researcher Grant Program of the Korea Technology
Innovation Society.

Ethics Declaration

This research does not require ethic declaration.

Al Declaration

This article used ChatGPT (OpenAl, 2026) for language editing and translation. All content was reviewed and
finalized by the authors, and the ideas and conclusions are their own.

References

Ambec, S., Cohen, M. A,, Elgie, S. and Lanoie, P. (2013) "The Porter Hypothesis at 20: Can Environmental Regulation
Enhance Innovation and Competitiveness?" Review of Environmental Economics and Policy, Vol. 7, No. 1, pp 2-22.

Baird, L. G., Banken, R., Eichler, H. G., Kristensen, F. B., Lee, D. K., Lim, J. C., Lim, R., Longson, C., Pezalla, E., Salmonson, T.,
Samaha, D., Tunis, S., Woodcock, J. and Hirsch, G. (2014) "Accelerated Access to Innovative Medicines for Patients in
Need." Clinical Pharmacology & Therapeutics, Vol. 96, No. 5, pp 559-571.

Breschi, S., Malerba, F. and Orsenigo, L. (2000) "Technological Regimes and Schumpeterian Patterns of Innovation." The
Economic Journal, Vol. 110, No. 463, pp 388-410.

Chandra, A., Kao, J. N. F., Miller, K. L. and Stern, A. D. (2026) "Regulatory Incentives for Innovation: The Fda's Breakthrough
Therapy Designation." Review of Economics and Statistics, Vol. 108, No. 2, pp 470-484.

Cockburn, I. M. and Henderson, R. M. (1998) "Absorptive Capacity, Coauthoring Behavior, and the Organization of Research
in Drug Discovery." Journal of Industrial Economics, Vol. 46, No. 2, pp 157-182.

— (2001) "Scale and Scope in Drug Development: Unpacking the Advantages of Size in Pharmaceutical Research." Journal
of Health Economics, Vol. 20, No. 6, pp 1033-1057.

DiMasi, J. A., Grabowski, H. G. and Hansen, R. W. (2016) "Innovation in the Pharmaceutical Industry: New Estimates of R&D
Costs." Journal of Health Economics, Vol. 47, No. pp 20-33.

Dosi, G. (1982) "Technological Paradigms and Technological Trajectories - a Suggested Interpretation of the Determinants
and Directions of Technical Change." Research Policy, Vol. 11, No. 3, pp 147-162.

Eisenberg, R. S. (2006) "The Role of the Fda in Innovation Policy." Michigan Telecommunications and Technology Law
Review, Vol. 13, No. pp 345.

Freeman, C. (1994) "The Economics of Technical Change." Cambridge Journal of Economics, Vol. 18, No. 5, pp 463-514.

Freeman, C. and Soete, L. (1997) The Economics of Industrial Innovation, The MIT Press.

Grabowski, H. and Vernon, J. (2000) "The Determinants of Pharmaceutical Research and Development Expenditures."
Journal of Evolutionary Economics, Vol. 10, No. 1-2, pp 201-215.

Haffner, M. E. (2016) "History of Orphan Drug Regulation-United States and Beyond." Clinical Pharmacology &
Therapeutics, Vol. 100, No. 4, pp 342-343.

1025
Proceedings of The 21st European Conference on Innovation and Entrepreneurship (ECIE 2026)



Jaekwan Park, Youngha Chang and Daniele Rotolo

Kesselheim, A. S., Wang, B., Franklin, J. M. and Darrow, J. J. (2015) "Trends in Utilization of Fda Expedited Drug
Development and Approval Programs, 1987—2014: Cohort Study." BMJ, Vol. 351, No. pp h4633.

Lanoie, P., Laurent-Lucchetti, J., Johnstone, N. and Ambec, S. (2011) "Environmental Policy, Innovation and Performance:
New Insights on the Porter Hypothesis." Journal of economics & management strategy, Vol. 20, No. 3, pp 803-842.

Lundvall, B. A. (2007) "National Innovation Systems—Analytical Concept and Development Tool." Industry and innovation,
Vol. 14, No. 1, pp 95-119.

Nelson, R. R. and Winter, S. G. (1985) An Evolutionary Theory of Economic Change, Harvard University Press.

Nightingale, P. and Mahdi, S. (2006) The Evolution of Pharmaceutical Innovation.

Orsenigo, L., Pammolli, F. and Riccaboni, M. (2001) "Technological Change and Network Dynamics - Lessons from the
Pharmaceutical Industry." Research Policy, Vol. 30, No. 3, pp 485-508.

Pavitt, K. (1984) "Sectoral Patterns of Technical Change - Towards a Taxonomy and a Theory." Research Policy, Vol. 13, No.
6, pp 343-373.

Pisano, G. P. (2006) "Can Science Be a Business? Lessons from Biotech." Harvard Business Review, Vol. 84, No. 10, pp 114-
124, 150.

Porter, M. E. (1990) Competitive Advantage of Nations : Creating and Sustaining Superior Performance. New York, UNITED
STATES, Free Press.

Porter, M. E. and Vanderlinde, C. (1995) "Toward a New Conception of the Environment-Competitiveness Relationship."
Journal of Economic Perspectives, Vol. 9, No. 4, pp 97-118.

Sampat, B. N. and Lichtenberg, F. R. (2011) "What Are the Respective Roles of the Public and Private Sectors in
Pharmaceutical Innovation?" Health Affairs, Vol. 30, No. 2, pp 332-339.

Shea, M., Ostermann, L., Hohman, R., Roberts, S., Kozak, M., Dull, R., Allen, J. and Sigal, E. (2016) "Regulatory Watch:
Impact of Breakthrough Therapy Designation on Cancer Drug Development." Nat Rev Drug Discov, Vol. 15, No. 3, pp
152.

Sherman, R. E., Li, J., Shapley, S., Robb, M. and Woodcock, J. (2013) "Expediting Drug Development - the FDA's New
"Breakthrough Therapy" Designation." The New England Journal of Medicine, Vol. 369, No. 20, pp 1877-1880.
Thomas, L. G. (1990) "Regulation and Firm Size - Fda Impacts on Innovation." Rand Journal of Economics, Vol. 21, No. 4, pp

497-517.
Wagner, M. (2003) The Porter Hypothesis Revisited: A Literature Review of Theoretical Models and Empirical Tests, CSM.

1026
Proceedings of The 21st European Conference on Innovation and Entrepreneurship (ECIE 2026)





