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The Current Status of Drug Discovery and Development 
as Originated in United States Academia: The Influence of 
Industrial and Academic Collaboration on Drug Discovery 
and Development

Tohru Takebe1,*, Ryoka Imai2 and Shunsuke Ono3

Academic drug discovery is a vital component to current drug discovery and development environments. In this study, we 
investigated 798 drug discovery projects that took place between 1991 and 2015 at 36 academic institutions in the United 
States. The observed success rates of academic drug discovery and development were 75% at phase I, 50% at phase II, 59% 
at phase III, and 88% at the new drug application/biologics license application (NDA/BLA) phase. These results were similar 
to the corresponding success rates of the pharmaceutical industry. Collaboration between academic institutions and the 
pharmaceutical industry seemed more important at later stages than earlier ones; all projects that succeeded at phase III or 
the NDA/BLA stage involved academic- industrial collaboration. Many academic research projects involved neoplasms and 
infectious diseases, and were focused on small molecules and biologics. The success rates and possible effects of academic- 
industrial collaboration seemed to vary depending on disease domains and drug modalities.
Clin Transl Sci (2018) 11, 597–606; doi:10.1111/cts.12577; published online on 30 July 2018. 

Stagnation in new drug research and development has 
been a focal issue in past decades. Although the number of 
US Food and Drug Administration (FDA) approvals of new 
molecular entities (NMEs) hit a 21- year high in 2017, such 
approvals have remained at low levels since the 2000s, after 
reaching a peak in the mid- 1990s.1,2 Despite various initia-
tives and efforts to improve success rates in both the public 
and private sectors, the likelihood of approvals (LOAs) from 
phase I clinical trials remains at ~10%.3,4 Challenging envi-
ronmental conditions in research and development (R&D) 
have inevitably led the pharmaceutical industry to spend 

more on new drug development operations; R&D invest-
ment in 2014 tripled that of 1995, and doubled the amount 
spent in 2000.5

The decreasing numbers of NME approvals and increas-
ing R&D costs have often been discussed in relation to the 
exhaustion of obvious drug targets. Hopkins and Groom6 
showed that there were 600–1500 “drug targets” that could 
potentially receive industrial research. The creation of in-
novative new drugs is predicated on the discovery and de-
velopment of new technologies in addition to the search 
for new targets outside the existing sphere, which is often 
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
✔  Although the number of successful projects from 
the pharmaceutical industry has been stagnant for 
decades, more drugs originating from academia are 
being brought to market through academic-industrial 
collaboration.
WHAT QUESTION DID THIS STUDY ADDRESS?
✔  In most similar studies, the questionnaire surveys were 
conducted only on approved drugs. On the other hand, we 
desired to focus on not only the successful portions of drugs 
but on all drug candidates and programs during a specific 
period.

WHAT DOES THIS STUDY ADD TO OUR 
KNOWLEDGE?
✔  This study contributes to our understanding of drug 
R&D in academia, including the early research stages, 
and presents a new basis for quantitative evidence re-
garding current academic drug discovery.
HOW MIGHT THIS CHANGE CLINICAL 
PHARMACOLOGY OR TRANSLATIONAL SCIENCE?
✔  Academic-industrial collaboration during the drug dis-
covery and development process seems to be of signif-
icant importance. With further substantial evidence, our 
study may suggest the need to propose a more efficient 
mechanism for academic drug discovery and develop-
ment that involves collaboration with the industry.
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achieved by linking industrial drug discovery to basic aca-
demic research. Basic research in the context of pharma-
ceutical R&D, which typically entails target- screening and 
in vitro studies based on novel concepts, is a strength of 
academic institutions.7 The process of drug discovery in ac-
ademia also differs from that of the industry in that academic 
researchers tend to pursue higher- risk targets and under-
take more in- depth research than industrial researchers.8

Kneller9 analyzed the origins of 252 drugs that received FDA 
approval between 1998 and 2007. Of the 252 compounds, 
191 originated from pharmaceutical companies, whereas the 
remaining 61 originated from universities and biotechnology 
companies before being transferred to the industry.9 The 
analysis showed that universities and biotechnology com-
panies substantially contributed to the current discovery of 
innovative drugs during the period of study, and discussed 
how drug “seeds” that originated from universities and bio-
technology companies were transferred to the industry.

Given the concerns about possible stagnation regarding 
the successful drug discovery and development projects 
that originate from within the industry, pharmaceutical com-
panies around the world have been pursuing open innova-
tion in an attempt to acquire drug discovery “seeds” that 
originate in academia.10,11 It is of research interest whether 
such strategic options have actually resulted in new drug 
development successes. There have been various studies 
on the historical performance of drug discovery and devel-
opment in both academia and the public sector.7,12–14 Most 
of these studies involved questionnaire surveys that were 
only conducted for the examination of approved drugs. This 
is because it is practically difficult to grasp the details of 
projects that failed or were dropped at some stage of the 
R&D process. Considering the important role of academia in 
finding and/or creating seeds through fundamental research 
in the early stages of development, we need to focus not 
only on the successful portions of drugs, but on all drug can-
didates and programs during a specific period.

The objective of our study was to provide a broad over-
view of performance in addition to the characteristics of 
current academic drug discovery and development in the 
United States. In this study, academic drug discovery and 
development was defined as the drug discovery and devel-
opment projects involving compounds that originate in aca-
demia. We conducted an analysis on projects conducted by 
major research universities in the United States and exam-
ined how academic- industrial collaboration was associated 
with success rates in each clinical trial stage.

METHODS

We chose projects for which we could confirm the success 
or failure of nonclinical trials at 36 universities in the United 
States. The universities were selected according to their 
rankings in “The 2014–2015 Times Higher Education World 
University Rankings’ clinical, preclinical, and health.”15 The 
names of the 36 universities are provided in Table S1.

Information on candidate compounds was extracted from 
the Cortellis Competitive Intelligence (Clarivate Analytics) 
as of September 9 and September 10, 2015. We found 798 
projects for which nonclinical research was begun between 

1991 and 2010, and for which information on the success or 
suspension of nonclinical research was available by 2015. 
The beginning year of nonclinical research was estimated 
based on the methods used by Paul et al.16. We excluded 
compounds originally discovered by universities, but for 
which biotechnology companies were specified as the orig-
inator. We included all types and modalities of drugs in this 
study.

The results of clinical trials conducted in the United 
States, Europe, and Japan were obtained from the same da-
tabase. The stages of drug discovery and development (i.e., 
preclinical, phase I, phase II, phase III, new drug application 
(NDA), biologics license application (BLA), and approval) 
used in this study were the same as those used by Hay 
et al.3. Following previous studies, we defined phase suc-
cess rate as the number of drugs that progressed from one 
phase to the next divided by the sum of the number of drugs 
that progressed to the next phase and the number of drugs 
that were suspended.3 The decision on whether a project 
was suspended or not was made according to the database. 
The LOA was shown as the cumulative success rate from 
phase I to approval.3,17 The LOA was obtained by multiply-
ing the success rate of each phase. Diseases were classified 
according to the International Statistical Classification of 
Diseases and Related Health Problems 10th Revision (ICD- 
10). When projects had multiple indications, the first clas-
sification that appeared in ICD- 10 was designated as the 
indication. Drug modalities were classified into small mole-
cules, biologics, diagnostic drugs, and other modalities. We 
used Stata 14 (StataCorp, College Station, TX) as the statis-
tical tool for this study.

RESULTS

Table 1 shows the overview of academic drug discovery 
and development projects conducted by major US universi-
ties during this study’s observation period. Six compounds 
reached approval from the 245 projects that were begun 
between 1991 and 1995, whereas 7 compounds reached 
approval from the 154 projects that were begun between 
1996 and 2000.

Among the projects that were begun after 2001, only 
one compound reached approval and only a few projects 
reached clinical trial phases. It is difficult to discuss the trend 
in the 2000s based solely on these examples because drug 
R&D generally takes >10 years.16 Thus, our observation pe-
riod did not seem sufficient for evaluating the recent trend.

Success rates and collaboration with private 
companies
The success rate of each drug discovery stage in academia 
was 31.8% for preclinical, 75.1% for phase I, 50.0% for 
phase II, 58.6% for phase III, and 87.5% for NDA and BLA. 
The LOA from phase I to approval was 19.3% (Figure 1).

Academic- industrial collaboration seemed to have some 
positive impact on academic drug discovery; the nonclini-
cal success rate was 36.7% for collaborating projects and 
29.5% for noncollaborating projects (Figure 2). Higher 
success rates for collaborating projects were evident in 
later stages. The respective success rates of collaborating 
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projects compared with noncollaborating projects was 
78.2% vs. 71.4% in phase I, 54.4% vs. 36.8% in phase II, 
63.0% vs. 0% in phase III, and 87.5% vs. 0% at NDA/BLA. 
No projects in the database were successful at either phase 
III or NDA/BLA without engaging in industrial collaboration.

Disease classifications
The most common research domain in academia was neo-
plasms, followed by infectious and parasitic diseases, dis-
eases of the nervous system, diseases of the circulatory 
system, mental and behavioral disorders, and endocrine, 
nutritional, and metabolic diseases (Figure 3).

For neoplasms and infectious diseases (the two top re-
search disease domains in academia), projects in both do-
mains had a higher phase I success rate, but lower phase II 
and phase III success rates than those involving other dis-
eases (Figure 4). We observed a lower rate of academic- 
industrial collaboration for neoplasm projects compared 
with projects involving other diseases in most phases. The 
rate of academic- industrial collaboration for neoplasm 
drugs was 27% at preclinical, 40% at phase I, 66% at phase 
II, 78% at phase III, and 100% at NDA/BLA, whereas the 
overall academic- industrial collaboration rate was 33% at 
preclinical, 55% at phase I, 76% at phase II, 93% at phase 
III, and 100% at NDA/BLA.

The number of projects involving the nervous and circu-
latory systems were relatively small, and phase II success 
rates seemed lower in these two domains (i.e., 33% for ner-
vous system projects and 25% for circulatory system proj-
ects). Although the number of projects that reached phase 
III trials was higher for those in infectious diseases and neo-
plasms, the success rate of phase III for these two diseases 
was lower than for those in other disease areas.

Modalities
There were 56% small molecules, 39% biologics, 4% diag-
nostics, and 1% other modalities (Figure 5). The propor-
tion of biologics was particularly high in projects related 
to diseases of the blood and blood- forming organs as well 
as for certain disorders involving the immune mechanism 
(77.3%), which is a classification that often involves anti-
body drugs. Biologics also accounted for a large proportion 
in neoplasms (40.8%), where many biologics have already 
been brought to market. The proportion of biologics was 
also high in diseases of the eyes and adnexa (47.1%), dis-
eases of the respiratory system (43.5%), and diseases of 
the musculoskeletal system and connective tissue (50.0%).

The success and collaboration rates of small molecule 
and biologics are shown in Figure 6. The success rates in 
late- phase clinical trials were lower in biologics than in small 
molecules.

DISCUSSION

According to a report by the Pharmaceutical Research and 
Manufacturers of America (PhRMA), the average cost as-
sociated with developing a drug to the approval stage has 
increased since the 2000s, reaching US $2.6 billion in the 
first half of the 2010s.18 This is ~14.5 times the cost of de-
velopment in the 1970s and 6.3 times the cost in the 1980s. 
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The cost also increased 2.6 times between the 1990s and 
the first half of the 2000s. The PhRMA explains that possi-
ble reasons for this influx include increased trial complexity 
and regulatory burdens, increased focus on areas where 
failure risks are high, and expanded research burdens to 
meet payer demands.18 The number of NMEs approved by 
the FDA has remained constant since the 1950s,1 except for 
a temporary increase in the second half of the 1990s due to 
the Prescription Drug User Fee Act. Although we have seen 
a high number of new drug approvals in 2017, we are still 
concerned whether the long- lasting stagnation has really 
been overcome.

This background has resulted in recent attention regarding 
the collaboration between universities and the biotechnolog-
ical industry.9 Given stagnation in the number of successful 
projects originating from within the pharmaceutical industry, 
more drugs originating from academia are being brought to 
market through collaboration with industry.

In our survey focusing on major US universities, we iden-
tified 798 academic projects that were in preclinical stages 

between 1991 and 2010. Although it fluctuates every 5 
years, the number of academic projects as shown in Table 1 
indicates that academic drug discovery has gained momen-
tum in the United States. Historical changes in regulation, 
research funding, and the pharmaceutical industry over the 
past decades concur with this trend. First, the Bayh- Dole Act 
of 1980 allowed scientists, universities, and small businesses 
to patent and profit from achievements made through feder-
ally funded research, but its impact is not limited to drug dis-
covery. That is, the act has made a substantial contribution 
to patenting in academia. The percentage and total number 
of patents awarded to academic entities have increased in 
tandem.19,20 A previous report estimated that between 1996 
and 2007, university- based research- licensing agreements 
rose in contribution to the gross domestic product, increas-
ing from US $47 billion to $187 billion.20 Second, academia 
now requires licensing revenues in order to continue con-
ducting research. Fierce competition has recently arisen 
over National Institutes of Health (NIH) research grants,21 
and drug discovery research aimed at practical applications 

Figure 1 Phase success and likelihood of approvals (LOA) rates of academic drug discovery and development that was begun 
between 1991 and 2010. NDA/BLA, new drug application/biologics license application.
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Figure 3 The classifications of academic drug discovery projects that were begun between 1991 and 2010 by International Statistical 
Classification of Diseases and Related Health Problems 10th Revision.
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and licensing revenue has become a requirement to obtain 
industry funding. Third, industry efforts to seek out drug 
seeds from within academia have increasingly intensified. 
Academia has basic research advantages, including target 
screening and in vitro studies based on novel ideas and con-
cepts,7 and a variety of strategies are used to mitigate risk 
in preclinical studies conducted in an academic context.22 
Furthermore, academic researchers provide innovative re-
search and new mechanisms in clinical practice because 
hospital- based clinical researchers identify medical prob-
lems and trends within the patient population and collabo-
rate closely with academic scientist.23 Translational science 
plays a role of returning these researches from bench to the 
bed again. In return, the industry provides commercial and 
pharmaceutical expertise. Open innovation plays a critical 
role in goal achievement. In the harsh R&D environments, 
proactive collaboration with academia as a source of drug 
seeds has become an effective means of contributing to 
drug discovery and development.

Several reports have shown that the success rates of drug 
development projects have recently been dwindling;3,4,17,24,25 
drug discovery and development in academia also faces the 
same level of difficulty. Using the average success rates es-
timated from our sample, we can discuss the performance 
of drug discovery and development projects that have 
originated in academic settings. Previous reports focusing 
mainly on overall drug discovery and development projects 
(e.g., those of pharmaceutical companies, biotechnology 
companies, nonprofit organizations, and academia) have 
indicated that the success rates of phase II trials, in which 
investigators attempt to find optimal target populations and 
treatment regimens, tend to be lower than those of phase I 
and phase III trials.3,4,17,22 Our results suggest that this issue 
is also evident in academic drug discovery. The success 
rates of academic projects in phases I and II (most of which 

involving the investigation of compounds that originated in 
academia) were higher than those common success rates. 
For example, although the success rates reported by the 
Biotechnology Innovation Organization (BIO) were 63% for 
phase I and 31% for phase II,4 our results for academic suc-
cess rates indicated 75% for phase I and 50% for phase 
II. The success rates of phase III trials and NDA/BLA in ac-
ademia were close to those achieved by pharmaceutical 
companies. The success rates reported by BIO (2016) were 
58% for phase III and 85% for NDA/BLA,4 whereas our re-
sults for success rates in academia were 59% for phase III 
and 88% for NDA/BLA. Our results suggest that the success 
rates for phase I and phase II trials that originated in aca-
demia were somewhat higher than the overall success rates 
seen in both academia and the industry. This may lead to 
academia’s overall dominance regarding LOAs (i.e., 19.3% 
vs. the industry’s 9.6%).4 Of the 14 approved drugs, 6 drugs 
are priority review and orphan drugs, which indicates that 
discovery and development of academic drugs may have 
important meanings.

With many unmet medical needs still remaining, a number 
of reports have emphasized both the importance and chal-
lenges of academic- industrial collaboration.26,27 Smietana 
et al.28 (2016) demonstrated that partnering has recently 
had a positive influence on the success of clinical trials re-
gardless of whether it involved academia or the industry. 
Our results revealed that, on average, academic projects 
that collaborated with pharmaceutical companies showed 
higher success rates than those that did not (Table 1 and 
Figure 2). By collaborating with the industry, the success 
rates for projects that originated in academia seemed to be 
even higher than those seen in overall drug discovery and 
development.3,4,22

Previous studies have shown that the majority of funding 
for clinical trials and drug approval process is supported by 

Figure 6 Success and collaboration rates by modality in academic drug discovery and development projects. NDA/BLA, new drug 
application/biologics license application.
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the pharmaceutical industry.29,30 Clinical trials (especially in 
phases II and III) result in huge costs and come with variable 
success rates depending on the disease area and modal-
ity.3,4,31 All projects in phase III and NDA/BLA in our data 
involved some form of collaboration, which suggests that 
economic assistance and industry- acumen are needed in 
these stages.

The success rates of academic phase I and II trials that 
involved collaboration also surpassed the success rates of 
academic projects undertaken without collaboration in addi-
tion to those undertaken by the industry.3,4 Cook et al32. dis-
cussed the results of a comprehensive longitudinal review of 
AstraZeneca’s small- molecule drug projects and showed that 
safety concerns (i.e., toxicology or clinical safety) were the 
most common reason for project closure in phase I, and fail-
ure to achieve sufficient efficacy was the most reason in phase 
II.32,33 In this survey, we were not able to obtain information 
on how drug companies contributed to academic projects 
or specific reasons for project closure due to the limitations 
in the commercial database. The observed higher success 
rates of collaborative projects may be ascribed to synergy in 
some form between the strengths of universities in scientific 
innovation and disease expertise and those of industries in 
investment and late- phase development,7 and further stud-
ies need to be done to explore specific mechanism(s) that 
have caused these findings. Although collaborative projects 
seem to have higher success rates, only a small proportion of 
projects are actually undertaken with industry collaboration 
during the early R&D stages, including the preclinical stage. 
The industry is reportedly cautious about the reproducibility 
of academic research at the preclinical stage,34 which may 
partly explain the above observation. Another possibility is 
that academic institutions, especially the top universities in 
this analysis, are self- sufficient in leading early phase preclin-
ical research without an obligated requirement of an industry 
collaborator. In later stages, collaborative projects tend to be 
more successful because the partnerships are necessary as 
the scale of clinical research exceeds the infrastructural and 
financial capabilities of the nonprofit sector.

The disease areas mainly focused on during academic 
drug discovery and development (Figure 3) were similar to 
those of general drug discovery and development projects 
in the United States.3–5,17Neoplasms and infectious dis-
eases appear at the top of the list in a number of other sur-
veys conducted on drug discovery research at universities, 
nonprofit research institutions, and in the public sector.7,14 
Stevens et al.14 examined the budget of each research cen-
ter at the NIH and discussed possible associations between 
availability of research grants and disease domains that ap-
peared in R&D activities. Similarly, our survey revealed that 
academic research has been undertaken in disease areas 
with large NIH budgets.35 This correlation may indicate that 
many academic projects are undertaken in line with current 
R&D trends and budget allocations in the United States pub-
lic sector.

It has been reported that drugs for neoplasms generally 
have lower success rates during the late clinical develop-
ment stages compared with those for other diseases.3,4 
Our survey of academic drug discovery and development, 

similarly, shows very low success rates in projects for neo-
plasms; among the 338 neoplasm projects from this study’s 
database, only diagnostic drugs passed the phase III stage. 
To date, it has become increasingly harder to clinically de-
velop oncologic drugs as a result of challenging indicators, 
including requirements for progression- free survival and/or 
overall survival in most efficacy- showing trials. Both suc-
cess and collaboration rates are low in neoplasms, which 
is probably related to the high risk of later- stage clinical tri-
als. Furthermore, due to the low collaboration rate, it may 
be more difficult to conduct academic drug discovery and 
development in neoplasms. Indeed, our results indicated 
that the success rates of neoplasm projects involving 
academic- industrial collaboration were higher than those 
without such collaboration (Table 1). However, we need to 
be careful about the implications of these results. Although 
academia can technically conduct phase I clinical research 
without an industry partner for anticancer drugs, the re-
verse is nearly impossible because the industry always re-
lies on a network of academia- based clinical research sites 
to conduct early phase clinical research that needs to be 
done in patients with cancer. These technical and practical 
dependencies should be considered when we interpret the 
association of collaboration and success rates in sound 
perspectives.

Although it was reported that drugs for infectious dis-
eases generally had higher success rate during later stage 
clinical trials than those for other diseases,3,4 we observed 
the opposite result in our survey (Figure 4). In academic 
drug discovery, the category not only includes traditional 
antimicrobial treatments, but also other types of infectious 
diseases, of which pandemics (e.g., influenza, human im-
munodeficiency virus, and hepatitis C virus) are a current 
global concern. The lower success rates for infectious dis-
eases observed in academia may reflect such differences in 
the targets of diseases.

A previous survey targeting public- sector research insti-
tutions reported the modalities of drug products brought 
to market as follows: 60.8% small molecules; 33.3% bio-
logics; 5.3% diagnostic drugs; and 1% over- the- counter 
drugs.14 We found that the modalities of compounds in 
academic research were similar to these (Figure 5). The 
success rates for biologics are known to be higher than 
those for small molecules.28 However, the success rates for 
biologics indicated by this study’s survey were somewhat 
lower than other recently published results, especially in 
phases II and III. This is probably due to a large propor-
tion of phases II and III biologics projects being targeted at 
neoplasms (phase II: 67% and phase III: 63%). Indeed, no 
phase III anticancer drug projects in the biologic modality 
progressed to the next stage. This contributed to the low 
success rates of biologics, which had lower collaboration 
rates at every stage compared with small molecules. The 
low collaboration rates for biologic projects may be asso-
ciated with the low success rates observed in our survey, 
although the causalities behind this association are difficult 
for us to establish.

A limitation of this study is that it only covered projects 
for which universities were specified as originators. This 
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excluded compounds originally discovered by universities 
but for which biotechnology companies were specified as 
the originator. This study only examined projects with com-
pleted stages. Thus, sampling biases were inevitable be-
cause recent projects were under- represented. Considering 
the expansion of clinical trial “offshoring,”36 we included 
projects for which clinical trials had been performed in the 
United States, Europe, or Japan, but we did not examine 
the effects of regional and/or national differences on project 
progress. Many of the universities in this study have global 
networks, and some clinical trials for the observed projects 
have been done outside the United States. Collaboration 
with the industry can take on a variety of forms. However, 
this survey did not distinguish between industry input type 
(e.g., financial or technological). We cannot accurately deter-
mine the nature of industrial contributions. We were not able 
to explore specific causes of failure or reasons for closure of 
each project due to the limitation of the database. Finally, we 
observed success or failure of a project and not of a target 
indication. Further studies that focus on indications are nec-
essary because drug companies create development plans 
considering complicated interactions at the level of indica-
tion to achieve optimal outcomes in R&D success and also 
to meet various business and regulatory needs.

In conclusion, academic drug discoveries exhibited char-
acteristics similar to those of industrial drug discoveries. 
That is, there were high success rates for phases I and III, 
but low success rates for phase II. Academic- industrial col-
laboration was shown to contribute substantially to the suc-
cess of later stage clinical trials. The most common disease 
domains subject to academic drug discovery were neo-
plasms, viral infectious diseases, and nervous system dis-
eases. About 40% of the academic drug discovery projects 
involved biologics, which indicates that academia takes on 
leading- edge and challenging projects in terms of both drug 
modality and disease domain. This study contributes to our 
understanding of drug R&D in academia, including the early 
research stages, and presents a new basis for quantitative 
evidence regarding current academic drug discovery.
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