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Abstract Background. Despite growing acceptance
of relationships between academia and industry in the
life sciences, systematic, up-to-date information about
their extent and the consequences for the parties in-
volved remains scarce. We attempted to collect informa-
tion about the prevalence, magnitude, commercial bene-
fits, and potential risks of such relationships by surveying
a representative sample of life-science companies in the
United States to determine their relationships with aca-
demic institutions.

Methods. We collected data by telephone from May
through September 1994 from senior executives of 210
life-science companies (of 306 companies surveyed; re-
sponse rate, 69 percent). The sample contained all For-
tune 500 companies in the fields of agriculture, chemicals,
and pharmaceuticals; all international pharmaceutical com-
panies with sales volumes similar to those of the Fortune
500 companies; and a random sample of non—Fortune
500 companies in the life sciences drawn from multiple
commercial and noncommercial directories. Both the sur-
vey instrument and the survey methods resembled those
of our 1984 study of 106 biotechnology companies, allow-
ing us to assess the evolution of relationships between ac-
ademia and industry over the past decade.

Results. Ninety percent of companies conducting life-
science research in the United States had relationships
involving the life sciences with an academic institution

ELATIONSHIPS between academic institutions and
industrial organizations have again become a top-
ic of lively policy debate in the life sciences. As in the
early 1980s, policy makers interested in reducing federal
expenditures are suggesting that with the proposed cuts
in funding for the life sciences, sponsorship by industry
may be a substitute for government support.'3
This idea may seem somewhat less radical now than
it did a decade ago. The academic community involved
in the life sciences is much more comfortable today with
relationships with industry than it was in the early
1980s.*> This level of comfort, however, does not seem to
be based on systematic knowledge.® There are very scant
empirical data about the prevalence of relationships with
industrial concerns, their characteristics, or the risks and
benefits for the parties involved. With this in mind, we
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in 1994. Fifty-nine percent supported research in such
institutions, providing an estimated $1.5 billion, or ap-
proximately 11.7 percent of all research-and-develop-
ment funding received that year. The agreements with
universities tended to be short-term and to involve small
amounts, implying that most such relationships support-
ed applied research or development. Over 60 percent of
companies providing support for life-science research in
universities had received patents, products, and sales as
a result of those relationships. At the same time, the com-
panies reported that their relationships with universities
often included agreements to keep the results of re-
search secret beyond the time needed to file a patent.
From 1984 to 1994, the involvement of industry with ac-
ademic institutions has increased, but the characteristics
of the relationships have remained remarkably stable.
Conclusions. After more than a decade of sustained
interaction, universities and industries seem to have
formed durable partnerships in the life sciences, al-
though the relationships may pose greater threats to the
openness of scientific communication than universities
generally acknowledge. However, industrial support for
university research is much smaller in amount than fed-
eral support, and companies are unlikely to be able to
compensate for sizable federal cutbacks. (N Engl J Med
1996;334:368-73.)
01996, Massachusetts Medical Society.

recently surveyed a representative sample of 210 domes-
tic and international life-science companies to determine
their involvement in academic—industrial relationships
in the United States.

METHODS

We drew our sample from a comprehensive list of private firms con-
ducting business in the life sciences in the United States. Our list in-
cluded all biotechnology firms in published directories”; firms that
received Small Business Research Program awards from the federal
government for life-science projects from 1985 through 1992'*!"; firms
that had Cooperative Research and Development Agreements in the
life sciences with the federal government'?; all Fortune 500 companies
for 1992 in the fields of agriculture, chemicals, and pharmaceuticals;
and all internationally based pharmaceutical firms with U.S. opera-
tions and annual sales at least equivalent to those of the smallest For-
tune 500 companies. This comprehensive list included a total of 73
Fortune 500 companies; 1315 smaller, non—Fortune 500 companies;
and 30 international pharmaceutical companies.

To be eligible for the survey, a firm had to conduct or sponsor re-
search in the life sciences. Eligibility was determined in screening in-
terviews with representatives of each firm. Before screening, the sam-
ple contained all the Fortune 500 and international pharmaceutical
companies and a random sample of 336 non—Fortune 500 companies.
The screening yielded a final eligible sample of 66 Fortune 500 com-
panies, 211 non—Fortune 500 companies, and 29 international pharma-
ceutical companies. The people interviewed were most often senior
executives with administrative responsibilities for research and devel-
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opment, such as chief executive officers and vice-presidents in charge
of research and development.

The survey was conducted over the telephone from May through Sep-
tember 1994 by interviewers from the Center for Survey Research of the
University of Massachusetts. Among 306 companies surveyed, the rep-
resentatives of 210 completed the interview (overall response rate, 69
percent). Table 1 shows the characteristics of the firms in the sample.

Except as noted otherwise, the statistics reported here are weighted
to reflect the oversampling of the Fortune 500 and international phar-
maceutical companies. The medians, ranges, proportions, frequen-
cies, and totals reported are based on actual responses to the survey
questions; firms that did not answer a question were excluded from
the analysis of the responses to that question. Medians are presented
in Tables 1 and 2 rather than means because there were skewed dis-
tributions. For all proportions, we report 95 percent confidence inter-
vals. The statistical significance of differences between medians was
calculated by the median test. P values of 0.05 or less were considered
to indicate statistical significance.

RESULTS

Characteristics of Relationships between Industry and
Academia

As Figure 1 shows, over 90 percent of life-science
companies in the United States had some relationship
with academia. The most prevalent type of relationship
involved the use of university faculty members as con-
sultants (88 percent). More than half of life-science com-
panies (59 percent) supported university research, and
38 percent participated in training by supporting the ed-
ucation of students and fellows through grants, fellow-
ships, or scholarships. About half the companies that
supported university research supported clinical trials
along with other research; 2 percent supported only clin-
ical trials. Although they were not the most prevalent
form of relationship between academia and industry,
those involving research were among the most impor-
tant, especially to academic institutions, because they
provided resources to support ongoing investigations by
faculty and trainees. Therefore, the balance of this paper
concentrates on relationships involving research.

The respondents to our survey reported that their
companies supported more than 1500 academic re-
search projects in 1994, at a cost of over $340 million.
In industry as a whole, we estimate that in 1994 com-
panies funded more than 6000 projects and expended
nearly $1.5 billion for academic research in the life sci-
ences. The National Institutes of Health (NIH) has es-
timated that institutions of higher education received
approximately $10.7 billion from nonindustrial sources
in 1993 to support life-sciences research.' If we assume
a 5 percent increase from 1993 to 1994 and add to it
our estimate of industrial support in 1994, we project
that in all, extramural support of academic research in
the life sciences — from inside and outside industry,
and provided to both universities and affiliated non-
profit organizations — accounted for $12.8 billion in
1994. Of this, industry provided $1.5 billion (11.7 per-
cent). The National Science Foundation estimates that
in 1993 industry supported 7 percent of university re-
search and development in all scientific fields.!*

Because of economic pressure on pharmaceutical man-
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ufacturers and other life-science businesses, questions
have arisen about whether these companies will reduce
overall expenditures for research and development, and
for research relationships in particular. Two thirds of re-
spondents whose companies had such relationships said
that they expect to increase their support of life-science
research greatly or somewhat over the next five years
through agreements with U.S. academic institutions.
Only 7 percent expected their support to decrease.

The responses to our survey suggested that research
relationships tend to be brief and limited in size. Sev-
enty-one percent are funded at less than $100,000 a
year. Only 6 percent of responding firms provide annu-
al funding of $500,000 or more. For 84 percent of re-
spondents whose firms have relationships with aca-
demia, the typical relationship lasts two years or less
(Fig. 2). The generally short duration of the relation-
ships and the small amounts of funding involved sug-
gest that the research they support tends to be targeted
— that is, applied rather than fundamental.

Nevertheless, given that industrial firms support
many projects, the small percentage of projects that are
large or long-lasting represents a considerable number.
For example, we estimate that in 1994 industries sup-
ported approximately 280 academic research projects
funded at $500,000 a year or more. Similarly, 6 percent
of companies supporting academic research reported
that their agreements typically lasted more than three
years. Arrangements of this size or length!® undoubted-
ly involve research that is quite fundamental.

Benefits to Companies

More than 60 percent of companies investing in aca-
demic research have realized patents, products, and

Table 1. Characteristics of the Firms in the Study Sample.*

CHARACTERISTIC LARGE FIrRMS SMALL FIRMS

1994 sales, life sciences

No. of firms responding 61 120
Sales (millions of $)
Median 900 2
Range 0-10,000 0-550

1994 research-and-development budget, life
sciences

No. of firms responding 60 126
Budget (millions of $)
Median 45 1
Range 10-2300 0-100
Full-time employees
No. of firms responding 68 136
No. of employees
Median 13,500 63
Range 3-250,000 1-9000
Date firm founded
No. of firms responding 68 137
Year
Median 1936 1983
Range 1837-1990 1867-1994

*A large firm was defined as a Fortune 500 firm or an international pharmaceutical firm of
equivalent size. A small firm was any other firm studied. Because not every question was an-
swered by every firm, the numbers of firms do not total 210.
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sales as a result (Fig. 3). Using data on companies’ over-
all numbers of patents and products in the past five
years, on patents, products, and sales resulting from in-
vestments in research, and on the firms’ investments in
university and nonuniversity research over the same
period, we calculated the numbers of patents issued
and products developed for each $10 million invested.
Sponsorship of university research produced returns in
patents, products, and sales per dollar invested that did
not differ significantly from the return on investments
in research conducted elsewhere.

Although research relationships with academic insti-
tutions can produce benefits with immediate commer-
cial value, industries perceive themselves as depending
on the academic sector more for access to ideas, knowl-
edge, and talented potential researchers than for specif-
ic marketable products or services. Fifty-six percent of
companies with research investments depend very much
or at least somewhat on faculty members to “keep staff
current with important research,” 53 percent depend on
them to provide ideas for new products, and 37 percent
depend on them to aid in recruiting able researchers.
Only 29 percent of companies reported that they de-
pend somewhat or very much on faculty members to in-
vent products that the company will license.

Difficulties of Collaboration

We asked the company representatives whether they
had encountered any problems in their relationships
with academic organizations that had the potential to

Table 2. Comparison of Patents, Products, and

Sales Resulting from University Research Sup-

ported by Industry with Those Resulting from In-

dustry-Supported Research Elsewhere, during the
Five Years Preceding the Study.*

RETURN ON INVESTMENT IN
RESEARCH AND DEVELOPMENT

(PER $10 MILLION) LARGE FIRMS SMALL FIRMS

Patents
No. of firms responding 37 53
Median no. of patents

Academia 1.7 6.7

Elsewhere 1.2 35

P value 0.488 0.082
Products
No. of firms responding 36 53
Median no. of products

Academia 5.0 26.8

Elsewhere 14 27.9

P value 0.620 1.0
Sales
No. of firms responding 28 54
Median sales (millions of $)

Academia 18.3 22.0

Elsewhere 88.0 29.5

P value 0.112 0.702

*A large firm was defined as a Fortune 500 firm or an international
pharmaceutical firm of equivalent size, and a small firm as any other firm
studied. P values were derived by the median test of the difference be-
tween the value for research by academic institutions and that for research
outside such institutions.
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Figure 1. Prevalence in 1994 of Various Types of Relationships
between Academic Institutions and Industry.

Values are percentages + half of the 95 percent confidence
intervals.

disrupt the relationship or the negotiations leading to it.
The most common obstacles cited were university bu-
reaucracies that made it too complicated to conclude an
agreement (mentioned by 54 percent of firms) and uni-
versity regulations that interfered with the negotiation or
contract (49 percent). Thirty-four percent of companies
reported having disputes with their academic partners
over intellectual property. Thirty-three percent said that
changes in the direction of academic research had re-
duced its usefulness to the sponsoring company. Thirty
percent reported that conflicts of interest had developed
when the academic institution became involved with an-
other company. Twelve percent reported concern that
there had been misconduct in research or questionable
scientific practices on the part of academic scientists.
Because academic institutions had attempted to im-
prove their management of research relationships by
instituting new policies regarding conflicts of interest
and other matters, we asked the representatives of com-
panies whether specific types of policies had “ever pre-
vented your firm from developing a research relation-
ship.” Only 14 percent cited regulations designed to
prevent conflicts of interest among faculty members,
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and only 6 percent cited requirements that the financial
interests of faculty members be disclosed publicly.

Withholding of Data

We asked the representatives about their companies’
policies and experience regarding the confidentiality of
data emerging from academic research. Among those
whose companies supported research relationships with
academic institutions, the great majority (82 percent)
said that their companies sometimes require academic
researchers “to keep information confidential to allow
filing of a patent application.” Such a requirement is
standard practice at most academic institutions.

Nearly half the respondents (47 percent), however, said
that their agreements with universities have occasionally
required academic institutions “to protect confidential
proprietary information resulting from the research that
your company sponsors longer than is necessary to file a
patent application.” More than half (56 percent) said
that in practice, the research they support in universities
often or sometimes results in information “that is kept
confidential to protect its proprietary value beyond the
time required to file a patent.” Finally, 58 percent stated
that their companies typically require academic investi-
gators to keep information confidential for more than six
months in order to file a patent application. The NIH has
indicated in recent policy statements that 30 to 60 days
is a “reasonable” period to delay the release of informa-
tion while such an application is being filed.'®

We asked respondents what types of information, in
their experience, had actually been kept confidential be-
yond the time needed to apply for a patent. Seventy-
two percent replied that such data had occasionally in-
volved “know-how useful to the production of a product
[or] . . . to commercialization of a process.” Fifty-six
percent said that the information had involved experi-
mental methods; 53 percent, a plan for future experimen-
tation; 27 percent, a gene product; 25 percent, a gene se-
quence; and 12 percent, the location of a gene (Fig. 4).

Graduate students and postdoctoral fellows may be
particularly affected by industry policies on secrecy, be-
cause they may rely on the prompt publication of re-
search findings in order to secure their first jobs after
completing their studies. Approximately 57 percent of
companies engaged in research relationships with aca-
demic institutions reported that confidential, proprietary
information sometimes or often emerges from their spon-
sorship of graduate students and postdoctoral fellows; 88
percent reported that their arrangements require stu-
dents and fellows to keep such information confidential.

Changes over the Past Decade

A comparison of data from the current study with
those from our 1984 study of 106 biotechnology com-
panies!” permits an examination of some trends in in-
dustrial support of academic research in the life sciences
over the past 10 years. Firms used academic consultants
and supported the training of graduate students and
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Figure 2. Duration of Research Relationships between Academ-
ic Institutions and Industry Involving the Life Sciences, 1994.

Values are percentages + half of the 95 percent confidence
intervals.

postdoctoral fellows at similar rates in 1984 and 1994
(90 percent vs. 88 percent and 38 percent vs. 38 percent,
respectively). After adjusting our 1994 sample to make
it more comparable to the 1984 sample (by eliminating
international pharmaceutical companies and companies
supporting only clinical research), we found that life-sci-
ence firms were significantly more likely to support ac-
ademic research in 1994 than in 1984 (57 percent vs. 46
percent, P=0.05).

In both 1984 and 1994, research agreements tended
to be limited in scope and short in duration. In 1984, 72
percent of companies reported that their typical re-
search relationship with academia lasted two years or
less, whereas 84 percent of companies made such state-
ments in 1994 (P=0.12). In 1984, 63 percent of research
contracts were for amounts under $50,000, whereas in
1994, 71 percent were for amounts under $100,000 (the
equivalent in buying power to $63,000 in 1984, after de-
flation with use of the NIH Biomedical Research and
Development Price Index) (Schuttinger J, NIH: person-
al communication). No comparable data are available
with which to explore changes in very large, long-term
relationships.

Di1scUssION

Our data indicate that participation by life-science
companies in relationships with academic institutions

Downloaded from www.nejm.org on November 29, 2009 . For personal use only. No other uses without permission.
Copyright © 1996 Massachusetts Medical Society. All rights reserved.



372 THE NEW ENGLAND JOURNAL OF MEDICINE

generally, and in relationships involving research par-
ticularly, was common in both 1984 and 1994 and seems
to have become more frequent over the intervening dec-
ade. Evidence of the persistent and even growing sup-
port of university activities by industrial firms contra-
dicts a view commonly held early in the biotechnology
revolution — namely, that life-science companies would
retreat from relationships with academia when they be-
came more familiar with the new techniques of biologic
research created in American universities during the
late 1970s and early 1980s.

A commonly held view is that industry supports aca-
demic research because of immediate commercial bene-
fits. Both our previous research and our current data are
generally consistent with this view. University research
appears roughly similar in productivity to investments in
research elsewhere. On the basis of these measures of
commercial return, industries in the life sciences would
appear to have no reason to reduce spending on aca-
demic research sooner or more sharply than they would
reduce research-related spending in nonacademic sites.

The evidence that short-term commercial returns are
not the only or the predominant reason that life-science
companies participate in research investments should
also be reassuring to universities. In both 1984 and 1994,
companies were more likely to benefit from research re-
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Figure 3. Percentage of Firms Responding to the Survey That

Had Patents Issued, Products Marketed, or Sales Revenue Ob-

tained within the Five Years before the Study at Least Partly be-
cause of University-Based Research Sponsored by the firm.

Values are percentages + half of the 95 percent confidence
intervals.
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lationships by gaining access to new knowledge, ideas,
and talented potential staff members than by acquiring
marketable inventions. These additional benefits suggest
that academic settings may offer certain advantages over
other sites as places to conduct industrial research. If
these advantages explain the strong and continued inter-
est of life-science industries in academic institutions,
then the future of relationships between industry and ac-
ademia generally, and those centered on research in par-
ticular, may depend in a major way on the intellectual vi-
tality of the academic health sciences.

Another general insight that emerges from our data
is that academic institutions may not be able to depend
heavily on industrial support to maintain their intellec-
tual vitality. There are two reasons for this. First, al-
though it is a substantial complement to federal sup-
port, industrial sponsorship remains small as compared
with NIH funding. It therefore seems unlikely that in-
dustrial funding could make up for any appreciable re-
duction in funding from the NIH. For example, to com-
pensate for a 10 percent reduction in NIH funding of
universities in 1994 (a reduction of $620 million), in-
dustry would have had to increase its outlays by 41 per-
cent — an unlikely development in the short term, and
perhaps in the long term as well.

A second reason that universities would be unwise to
depend heavily on industry to sustain their capabilities in
the life sciences is that such support may not generally
be conducive to maintaining the level of excellence of
fundamental academic research in those fields. Both in
1984 and at present, we found that most research con-
tracts with industry are small and short-lived. These
findings suggest that most industrial support of academ-
ic research in the health sciences is likely to continue to
be targeted. To the extent that the quality and vitality of
the academic health sciences depend on fundamental
rather than applied research, industrial funds are less
likely to maintain that quality and vitality than funds
from other sources, especially the federal government.

Our past work has suggested that secrecy is more
common in industrially supported research than in re-
search supported otherwise.”® Elsewhere in this issue of
the Journal, Rosenberg discusses some of the implications
of secrecy in medical research.!” The data presented here
indicate that, at least on the basis of reports by industrial
concerns, such higher levels of secrecy result in part
from the policies and expectations of industrial partners
in research. Furthermore, the information withheld in
the course of research relationships may involve findings
of general interest to academic colleagues, including
those useful in repeating and confirming the work.

Our findings about the prevalence and consequences
of secrecy should be interpreted with caution. The per-
ceptions of company officials about the role and preva-
lence of confidentiality requirements in agreements with
academic institutions may not correspond accurately to
the actual behavior of academic scientists. At a mini-
mum, however, reports by industrial respondents in this
survey suggest the need for further study of the extent
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Figure 4. Percentage of Firms Responding to the Survey That

Reported That Information Had Been Kept Confidential during

a Relationship with an Academic Institution beyond the Time

Needed to Obtain a Patent, According to the Type of Information
Involved.

Values are percentages + half of the 95 percent confidence
intervals.

and implications of secrecy in research relationships
with academia.

Our own research has several limitations that could af-
fect our results and their interpretation. First, the views of
those who did not respond to our surveys of life-science
companies might have differed systematically from the
views of the respondents, leading to bias in our findings.
Second, our measures of the commercial returns associ-
ated with relationships involving academia have inherent
limitations. Numbers of patents and products may not in-
dicate the true value of the intellectual property derived
from such relationships, especially as compared with the
returns firms derive from other types of investments.

Despite these limitations, our findings suggest that re-
search ties with academic institutions have demonstra-
ble benefits for sponsors, that these benefits persist over
time, that life-science companies remain financially com-
mitted to university research, and that universities are
well positioned to compete for industry funds. At the
same time, conducting industry-sponsored research pos-
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es real challenges for academic institutions. In the opin-
ion of sponsoring firms, bureaucratic obstacles remain a
major problem. Also, academic institutions may under-
state or underestimate the extent to which relationships
with industry promote secrecy among university inves-
tigators and the extent to which such secrecy may affect
scientists in training. University administrators who wish
to preserve an open academic environment in the life
sciences and to honor their fiduciary obligations to sci-
entific trainees would be wise to examine more closely
the formal agreements they draw up with sponsoring
companies and to track the actual participation of fac-
ulty and trainees more closely with respect to the with-
holding and sharing of data.

Relationships between industry and academia are es-
sential in order to meet a major goal of public policy:
the translation of research findings into practical appli-
cations that improve the health and living standards of
the American people. To realize the full benefits of as-
sociation with industry and minimize risk, universities
may need to manage these relationships more tightly.
For their part, federal policy makers should recognize
the likelihood that reducing government support of re-
search in the life sciences will alter the balance between
industrial and nonindustrial financing in ways that ad-
versely affect not only academic institutions, but also
their clients in industry.

We are indebted to Melissa S. Anderson, Dawn DeCosta, Anne Ful-
ton, Elizabeth Gallant, and Demet Saglam for their assistance.
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