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Abstract
Purpose—To compare the streams of expenses and revenues associated with investment in a cohort
of basic science investigators at the University of Rochester School of Medicine & Dentistry over
seven years.

Method—The authors evaluated a medical school's financial investment in 25 basic science faculty
who were hired between 1999 and 2004 to expand basic science research. The authors compared
direct and indirect costs with the extramural grant support generated by these investigators through
2006. To facilitate a comparison of investments made and grants generated, the authors calculated
present value (in 2006 dollars) of revenues and expenses using the school's approximate cost of
capital.

Results—Of the 25 faculty members hired, 24 (96%) remained at the school through 2006. From
1999 to 2006, the school invested a total of $69.0 million ($33.1 million in start-up costs and $35.9
million in indirect costs) to support the faculty members. Through 2006, these faculty members
generated $99.7 million in extramural grant revenue ($70.7 million in direct grant revenue and $29.1
million in indirect grant revenue). While the faculty generated $1.45 in total grant revenue per dollar
invested, start-up expenses and incomplete recovery of indirect costs required the school to add 40
cents to every grant dollar generated to achieve financial equilibrium.

Conclusions—Investments in basic science research, even when successful, may require
significant financial subsidies from academic health centers.

The financial resources of academic health centers are finite and are likely to become more
challenged by constraints on reimbursement for clinical services1 and on the National Institutes
of Health (NIH) budget.2 Among the key uses of funding streams available to medical schools
is investment in new faculty that serve the research mission.3
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Investments in research faculty can be substantial, frequently in the range of $500,000 to
$1,000,000 for the start-up package of a basic scientist4. These investments draw upon scarce
resources from medical school endowments, faculty practice plans,5 hospitals,6 and other
sources.3 Despite the size of these investments, however, published quantitative efforts to track
their outcome are limited7 and often rely on modeled outcomes and estimates of investments,
opposed to actual outcomes and investments.3, 8 Moreover, these reports have not evaluated
the outcomes of focused strategic planning efforts by medical centers to expand their basic
science presence. We, therefore, sought to evaluate the grant revenue (direct and indirect)
generated by a newly recruited cohort of basic science faculty in relationship to the financial
investment made by a medical school as part of a medical center's strategic plan.

Method
Study cohort

Beginning in 1999, as part of a strategic plan for the University of Rochester Medical Center,
the University of Rochester School of Medicine & Dentistry invested substantially to build its
basic science faculty in three new centers: the Center for Aging and Developmental Biology,
the Center for Biomedical Genetics, and the Center for Vaccine Biology. We evaluated the
financial impact of the financial investment made in basic science faculty hired into these three
centers between 1999 and 2004. For this analysis, we restricted our analysis to faculty members
who received start-up packages (n=25) and excluded those who did not (n=4).

Financial analysis
For each new basic science faculty member, we calculated the financial investment made by
the school in the investigator and the extramural grant revenues generated by him or her from
the first year of hire through the end of fiscal year (July to June) 2006. The school's investment
(start-up packages) included salary and benefits provided to the faculty member (including
salary above the NIH cap) that was not supported by external funding, support for additional
laboratory personnel, capital equipment expenses (which the school generally expensed in the
year the cost was incurred), and other expenses (e.g., lab supplies). In addition, we estimated
indirect costs expended by the school to support the centers that housed these newly hired
faculty from 1999 to 2006. Indirect costs consisted of facility and administrative expenses.
Facility costs included utilities and housekeeping (accounting for approximately 50% of the
total) and depreciation on buildings and equipment (20% of the costs). Administrative expenses
included those associated with our offices of research project administration, research
accounting and cost standards, animal resources, the vivarium, human research protection,
libraries, and other related expenses. These expenses were generally incremental and, when
incremental data were not available (e.g., library and security), the expenses represented the
medical school's share of university-wide indirect costs associated with these faculty members
(30%). Unlike the start-up packages, the indirect costs were assigned to the center and not to
the individual investigator. We excluded these indirect costs when we calculated the return on
investment per individual investigator.

To facilitate comparisons of investment made and revenue generated at different time points,
we calculated the present value of all investments and revenue as of the end of fiscal year 2006.
To do this, we used the approximate cost of capital of the school (8%) to calculate the present
value of either expenses (investments) or revenue generated. The cost of capital reflects the
approximate borrowing cost of the school (e.g., the interest rate the school must pay its bond
holders). We assumed that all investments and grants generated occurred at the end of the year.

The general formula for calculating present value is the following:
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where C is the value of the initial investment, r is the cost of capital, and t is the time (in years)
since the investment was made. For example, the present value (in 2006) of $1000 invested in
1999 would be $1000 × (1+0.08)^7 or $1714. The present value of investments made early in
the faculty member's time at the school are thus weighed more heavily than more recently
generated grant revenue.

We performed a sensitivity analysis, which evaluates the variance of a model's output (in this
case the present value calculation) with a key input, to determine how the results changed with
different assumptions on the school's cost of capital (range: 3% to 13%).

Statistical analysis
We summarized data using descriptive statistics and compared distributions of financial
outcomes among various subgroups using a non-parametric test (the exact Wilcoxon rank sum
test) due to distributions that were not normal. We used inferential statistics to allow a
generalization of our results to the broader population of basic science researchers. We
conducted all statistical tests at the two-sided significance level of 5%, and did not make any
correction for multiple testing.

Results
Baseline characteristics

From 1999 to 2004, the school hired 25 faculty members into the three centers examined. Of
these, 24 (96%) remained at the University of Rochester through fiscal year 2006 (Table 1).
The average age of the cohort at time of hire was 40.5 years, and seven (28%) of the faculty
members hired were women. Sixteen (64%), including five of the seven women, had a faculty
rank of assistant professor at the time of hiring. We had financial data for all 25 faculty members
hired.

Financial results
The school invested (principally from its endowment, philanthropy, royalty streams, transfers
from the clinical enterprise, and other unrestricted funds) a total of $25.9 million in start-up
expenses from 1999 through 2006 in the 25 faculty members hired and an additional $27.8
million in indirect expenses to support the three newly created centers that housed the new
faculty (Table 2). The present value of that total investment in 2006 was $69.0 million—$33.1
million in start-up costs and $35.9 million in indirect costs.

Over the same time period, these 25 faculty members generated $84.2 million in extramural
funding, the present value of which in 2006 was $99.7 million—$70.7 million in direct support
and $29.1 million in indirect support (Figure 1). For each dollar invested, the faculty cohort
generated $1.45 ($99.7 grant support generated/$69.0 million invested) in extramural grants.
Most (71% or $70.7 million/$99.7 million) of the grant funding generated was to support the
direct costs of the research activities conducted by the investigators. Of the $35.9 million in
indirect costs invested by the school from 1999 to 2006, the school was able to recover only
$29.1 million (81%) through grants generated by the cohort through 2006. Therefore, the school
invested a total of $39.9 million ($33.1 million in start-up packages plus $6.8 million in
unrecovered indirect costs) in order to generate $99.7 million in grants (most of which
supported the research of the hires). Put differently, the school had to add about 40 cents on
every externally generated research dollar to cover all the costs of research. Figure 2 graphically
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displays the cumulative present value of the total investment by the school and the grant funding
generated by the investigators.

As mentioned above, the financial analysis by faculty member excluded the indirect costs
($35.9 million) borne by the school to support the new centers because these costs could not
be assigned to an individual hire. With that caveat, faculty hired as professors tended to generate
more grant dollars ($3.71) per dollar invested than did faculty hired as assistant professors
($2.18) (Table 3) although this difference did not reach statistical significance (p=0.12).
Women generated similar grant revenues per dollar invested as men overall ($2.48 versus
$2.83, respectively; p=0.75) and after controlling for rank at time of hire ($1.95 for female
assistant professors versus $2.28 for male assistant professors; p=0.83).

Increasing the school's cost of capital from 8% to 13% gives greater relative weight to cash
outlays that occurred further in the past (e.g., initial investments in the faculty). Using this
higher cost of capital, each dollar invested by the school generated $1.37 of total ($0.97 direct,
and $0.40 indirect) grant support. When the cost of capital is decreased to 3%, each dollar
invested generated $1.52 of total ($1.08 direct, and $0.45 indirect) grant support.

Conclusions
Successful expansion of basic science research comes at a financial cost to academic health
centers. Despite the success of the studied cohort of 25 basic science investigators in obtaining
research grants, the school was unable to recover fully its indirect cost support and did not
recover any of its investment in start-up packages. In the end, the school had to contribute 40
cents from other financial sources for each extramural grant dollar generated.

These results, generated largely during a time of rapid growth in biomedical research funding,
9 highlight the value that investments by medical schools can create in advancing basic science
research. The findings also support the view that medical schools are unable to recover
investments made in expanding basic research. A RAND study,3, 10 using different
methodology, suggested that universities do not fully recover their indirect costs. The results
from that study suggested the research institutions contribute $0.15 to $0.20 to every indirect
dollar received to support their scientific research mission.

Part of the explanation for the low recovery of the investment made in this study was the need
for significant start-up costs for brand new faculty in newly created centers. Many of the faculty
were junior (16 of the 25 were hired as assistant professors) upon hire and most (23 of the 25)
were new to the school. Consequently, as shown in Table 2 and Figure 2, the bulk growth in
extramural grants did not occur until 2003-2004 when the majority of the new hires were in
place for at least two years. At steady state with established investigators, the net investment
required by the school decreases substantially. For example, starting in 2003 the annual indirect
costs generated by the investigators' grants exceeded the estimated indirect costs borne by the
school. However, this incremental gain is insufficient, at least through 2006, to recover the
total indirect costs invested by the school. Over longer periods, the school may be able to
recover this investment in indirect costs. In the foreseeable future, however, the school will
likely recover little, if any, of its substantial ($33.1 million) investment in direct start-up
expenses to help the investigators start their new research careers. The shortfalls must be funded
from other sources, such as the school's endowment, philanthropy, royalties, or transfers from
other revenue centers (e.g., teaching hospital). Consistent with our findings, previous
investigators have also found that investments in basic science faculty do not generate sufficient
positive cash flow to the medical school to recover the initial investment even over ten years.
3
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At the faculty member level, senior members who were full professors at the time of their hire
generated more grant support per dollar invested than did junior faculty members. This
difference reflects the larger magnitude of extramural grants that senior faculty obtain and
underscores the importance of retaining successful faculty.3 Grant support per dollar invested
was very similar among women and men. While the numbers are small, the data highlight the
success that women are increasingly experiencing in academic medicine.11, 12

While helpful, the financial metrics used in this analysis are incomplete. Our cost data allocated
indirect costs to each of the newly created centers that housed the new faculty hires. An
alternative analysis could compare all costs (including indirect ones) to each faculty hire and
compare that to the “revenue” generated by each. Unfortunately, allocating all costs (e.g.,
utilities and security) to an individual faculty member is not always practical or accurate.
Another potential analysis would solely look at the incremental costs and revenue associated
with each new hire. In analysis of incremental costs and revenue, one may exclude fixed costs,
such as the library; however, even “fixed” costs are increasingly variable (e.g., electronic
library journals are often priced per head). In addition, an analysis solely of incremental costs
would never cover the fixed costs associated with a university.

These financial metrics also do not account for all sources of economic value generated by the
faculty. The exclusive reliance on extramural grant support excludes the value generated by
faculty for teaching,13 clinical activities, royalties, and gifts. In this cohort, the teaching
activities were likely limited in scope as the investigators devoted the vast majority of their
time to research and administrative efforts (the latter was also not included in the financial
analysis). Clinical activities, which can result in cash flows to the medical school (e.g., through
a dean's tax), were virtually nonexistent in this cohort, as only three of the 25 investigators are
physicians, and their clinical activity was limited. The magnitude of revenue generated from
royalties, while occasionally large,14 is extremely erratic, usually associated with a small
number of highly successful inventions.3 In this cohort, no royalties have resulted to date, and
only two patents have been issued. Finally, gifts to support research in this cohort have been
limited; the largest gift thus far has been $30,000. Our metrics also do not account for the non-
financial returns that faculty generate in terms of contributions to the school's mission and
reputation, to the local economy (e.g., job creation), or to society (e.g., the advancement of
knowledge).

The results of this study also may not be readily generalizable as they come from one private
medical school and only evaluate investments made in basic (not clinical) research. The results,
however, are generally consistent with previous research done at a public medical school.3
These results extend that analysis by including the actual investments made by a medical school
in hiring new faculty and by focusing on a specific cohort of individuals hired as part of a
strategic plan.

Despite the limitations, the results of this study are valuable in planning research programs and
in highlighting the research investment medical schools make. The metrics used are meaningful
as they reflect both financial and academic (grants are generally rewarded post a peer-review
process) outcomes. In addition, the results are complete for a sizeable cohort of faculty
members, the vast majority of whom have remained at the medical school. The analyses
conducted are relatively straightforward and deans and other administrators can use them to
track investments made in the past retrospectively and future ones prospectively. With larger
cohorts and additional data, administrators can use these analyses to identify factors associated
with the financial and academic success of investigators, which is especially important given
the wide range of research grant productivity found in this cohort. Further, administrators can
employ these factors, once identified, in successfully recruiting and developing current and
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future faculty members. For example, administrators can more effectively set budgets and
target an appropriate mix (e.g., by seniority) of recruits for departments or divisions.

Finally, as this study indicates, academic health centers contribute significantly to the research
that is conducted at their institutions. According to the National Science Foundation, the
contribution of academic institutions to science and engineering has grown from $5.4 billion
in 1999 to $9.1 billion in 2006.15 This extraordinary growth in financial support for research
by academic institutions highlights the increasingly important role played by endowment,
philanthropy, and other private sources of support for such work, alongside stalwart
governmental sources such as the NIH. With the constraints on the NIH budget2 and the
transition of industry support from basic to clinical research,9 the role of academic health
centers in supporting basic science research is likely to continue to grow.
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Figure 1.
Total Investment Made by University of Rochester School of Medicine & Dentistry and Total
Extramural Grant Revenue Generated by a Recently Hired Cohort of Basic Science Faculty,
1999 - 2006. The values in the figure represent the present value in 2006 dollars of the
investments made and extramural grant support generated from 1999 - 2006. The present value
is calculated as C x (1 + r)^t where C is the value of the investment made or grant generated,
r is the cost of capital, and t is the time (in years) since the investment was made or the grant
was generated. Of the $35.9 million in indirect costs invested by the school from 1999 to 2006,
the school was able to recover only $29.1 million (81%) through grants generated by the cohort
through 2006. Therefore, the school invested a total of $39.9 million ($33.1 million in start-
up packages plus $6.8 million in unrecovered indirect costs) in order to generate $99.7 million
in grants (most of which supported the research of the hires).
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Figure 2.
Cumulative Present Value of Investment in and Grant Revenue Generated by a Recently Hired
Basic Science Faculty Cohort at the University of Rochester Medical Center, 1999 - 2006.
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Table 1
Baseline Characteristics of the Faculty Members Hired Between 1999 and 2004 into Three New Basic Science Centers
at the University of Rochester Medical Center

Characteristic Number (% out of 25)

Faculty hired 25

Faculty hired from outside the university 23 (92)

Faculty remaining at the university through 2006 24 (96)

Women faculty 7 (28)

Faculty with terminal degree of

PhD 22 (88)

MD, PhD 3 (12)

Faculty hired in fiscal year

1999 5 (20)

2000 7 (28)

2001 8 (32)

2002 1 (4)

2003 3 (12)

2004 1 (4)

Faculty rank upon hire

Assistant Professor 16 (64)

Professor 9 (36)

Faculty rank as of 2006*

Assistant Professor 10 (40)

Associate Professor 5 (20)

Professor 10 (40)

*
Includes rank at the time of the departure of the one faculty member who left the University
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