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Abstract

Purpose—To describe the transition from mentored to independent research funding for clinical
and translational scholars supported by institutional KL2 Mentored Career Development
programs.
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Method—In 2013, faculty leaders at Clinical and Translational Science Award institutions
completed an online survey, reporting characteristics of scholars in their KL2 programs from
2006-2013. The primary outcome variable was a report that the scholar had received independent
research funding as a principal investigator. Data analysis included descriptive summaries and
mixed effects regression models.

Results—Respondents from 48 institutions (of 62 eligible; 77%) provided information about 914
KL2 scholars. Of those, 620 (68%) were medical doctors, 114 (12%) had other clinical training,
and 177 (19%) were non-clinician PhDs. Fifty-three percent (487) were female; 12% (108/865)
were members of racial or ethnic groups underrepresented in medicine (URM). After completing
KL2 training, 96% (558/582) remained engaged in research. Among scholars who completed KL2
training two or more years earlier, 39% (149/374) had received independent funding. Independent
funding was from non-National Institutes of Health (NIH) sources (120 scholars) more often than
from NIH (101 scholars). The odds of a non-clinician attaining independent funding were twice
those of a clinician (odds ratio 2.05, 95% confidence interval 1.11-3.78). Female and URM
scholars were equally as likely as male and non-URM scholars to attain independent funding.
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Conclusions—KL2 programs supported the transition to independent funding for clinical and
translational scientists. Female and URM scholars were well represented. Future studies should
consider non-NIH funding sources when assessing the transition to research independence.

In the discussion of developing the clinical and translational researcher workforce,1~* the
transition from mentored to independent research funding has been recognized as a critical
juncture in the career of an investigator.>® Starting in 2006, institutions that received the
National Institutes of Health (NIH) Clinical and Translational Science Award (CTSA) began
implementing KL2 Mentored Career Development programs to support scholars through this
transition.®” Individuals eligible for the KL2 award must have earned a health professional
or research doctorate or equivalent and must not have received a current or past NIH or
equivalent research project grant award.8 Through the KL2 award, scholars receive salary
support for 75% effort and other support for research and career development activities.

KL2 scholars are selected by their institution and may be awarded support for two to five
years. A KL2 scholar subsequently may apply for an individual mentored career
development award (CDA) before transitioning to independent research funding or may
apply for an independent research project grant directly following his or her period of KL2
support. The CTSA KL2 scholar population across institutions has been described with
respect to supporting child health investigators,® but other characteristics have not been
comprehensively described. A survey conducted early in the program’s history found that
only 10% of scholars had applied for NIH R01 funding through 201019; the source and type
of peer-reviewed funding attained by KL2 scholars has not been further delineated.

Research evaluating the mentored-to-independent research funding transition has usually
defined research independence based on one criterion--receipt of an NIH research project
grant or RO1 award.>11-14 For example, within 10 years of the end of their K support, 50%
of K08 and K23 scholars were reported to have attained NIH research project grant funding
as principal investigators (PIs).12 However, most of the existing literature does not take into
account non-NIH sources of independent funding for clinical and translational researchers,
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which may include foundation-funded awards and Veterans Health Administration (VHA)
merit review awards.

We sought to characterize the population of scholars supported by the KL2 mechanism (1) to
describe their attainment of both individual CDAs and independent peer-reviewed funding,
including funding from non-NIH sources, and (2) to determine the factors associated with
success in the transition from mentored to independent research funding.

Survey development and content

The Mentored-to-Independent Investigator Transition working group, formed under the
auspices of the CTSA Education and Career Development Key Function Committee,
conceived of the study goals described above. There are no centralized sources of
information on the demographics, training, and grant outcomes of KL2 scholars across
institutions. Therefore, we developed a survey to collect these data. Survey items addressing
the study goals were drafted based on a review of the existing literature on the mentored-to-
independent funding transition and on the experiences of the working group members as
mentors. The survey was beta-tested by the working group members and revised based on
working group member feedback.

We administered the survey to research education and career development faculty leaders at
CTSA institutions. One section of the survey requested information about each clinical and
translational research scholar at the respondent’s institution who received mentored career
development support through the KL2 program from 2006 to 2013. That information
included the scholar’s prior clinical and PhD training, sex, race, and ethnicity. If the scholar
had completed her or his KL2 training, the respondent was then asked “Is the scholar
currently engaged in clinical or translational research?” They also were asked if the scholars
had obtained one (or more) of three types of subsequent awards: (1) “Did the scholar go on
to conduct further mentored research under an individual, peer-reviewed, training award
mechanism? This would include an NIH K23, an NIH K08, a VHA Career Development
Award, or other multi-year mentored research training grant.” (2) “Has the scholar been
awarded funding as Pl of an NIH RO1 or as PI of a project within an NIH program project or
center award, e.g. ‘P01’ mechanism?” (3) “Has the scholar been awarded funding as Pl of an
independent, externally-funded, non-NIH, peer-reviewed research project of 3 or more years
duration? This would include, for example, a VHA merit award or a foundation-funded
investigator-initiated research project award. Do not include mentored research projects or
industry-funded trials.”

Survey sample and administration

We defined our sample of survey recipients as one faculty representative to the Education
and Career Development Committee from each CTSA institution. Contact information was
obtained through committee membership lists. Following pre-notification of the survey
during committee conference calls, each representative received an e-mail with an invitation
to participate and a link to the online survey, which was available through REDCap.1® Non-
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respondents to the initial e-mail received follow-up communications. Surveys were
completed from April through May 2013. Survey instructions encouraged respondents to
respond to all items. The REDCap survey instrument was programmed so that if a response
to any question was unknown, the respondent could still proceed with the rest of the survey.
Respondents could exit the partially completed survey and return later. In addition, a copy of
the survey was available in a downloadable, printable format so that respondents could refer
to records for each scholar at their institution and compile information offline before
returning to submit the completed survey online.

The institutional review boards at the University of Utah Health Sciences Center and Icahn
School of Medicine at Mount Sinai determined this study to be non-human subjects
research.

Data analysis

Results

We categorized scholars who were reported to be Black or African American, American
Indian or Alaska Native, Native Hawaiian or Pacific Islander, or Hispanic or Latino as
belonging to racial and ethnic groups underrepresented in medicine (URM). We created an
outcome variable for the successful transition to independent research funding, which
represented a “yes” response to the question about receiving an NIH independent award as
Pl and/or a “yes” response to the question about receiving an independent research award
from a non-NIH source. Institutions were categorized as being located in one of four
geographic regions of the country (Northeast, Midwest, South, and West), as defined by the
U.S. Census Bureau; additionally, we created a variable for the size of the institutions, which
represented the amount of NIH funding they received, by tertile (small, medium, large).

Our primary analysis was descriptive; we used contingency tables and summary statistics to
report our results. Differences in the distributions of scholars by sex and by URM status
were assessed using Pearson’s chi square tests. We estimated associations between the
transition to independence variable and characteristics of the individual scholars and
institutions using odds ratios from mixed effects regression models; we addressed the
clustering of scholars within institutions by treating the institution as a random effect. Stata
software version 12 (Stata Corp., College Station, TX) was used for all analyses. Pvalues
less than .05 were described as significant.

Respondents from 48 institutions (of 62 eligible institutions; 77%) provided information
about 914 individuals supported by the KL2 mechanism from 2006-2013. Responding and
non-responding institutions did not differ by size (i.e., NIH funding) or by region of the
United States. The median number of scholars per institution was 13.5, the interquartile
range was 9.5 — 24.5, with a minimum of 2 and a maximum of 78. Of these KL2 scholars,
68% (620/914) were medical doctors, 19% (177/914) were non-clinician PhDs, and the
remainder were from a range of other health professions (see Table 1). Among clinicians
who were not medical doctors, the largest group was nurses, followed by psychologists and
pharmacists. Forty-one percent of scholars (368/897) held a PhD at the time of their
appointment as a KL2 scholar.
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Fifty-three percent of KL2 scholars (487/913) were female. A larger percentage of male
scholars were medical doctors (77% vs. 60%), whereas a larger percentage of female
scholars had other backgrounds (40% vs. 23%; P < .001). Male and female scholars also
differed in their distribution of race and ethnicity, with a larger percentage of female than
male scholars being from URM groups (16% vs. 8%; P < .001). (See Table 1 for complete
data.)

URM individuals represented 12% of scholars (108/865). The distribution of clinician versus
non-clinician trained URM scholars was very similar to that of non-URM scholars (see
Table 1). By region of the United States, the percentage of KL2 scholars who were from
URM groups was somewhat higher in the South compared to the other regions, although this
difference did not reach statistical significance (data not shown).

Among the 582 scholars who had completed their KL2 training at the time of this study and
for whom their status as currently engaged in research or not was known, 558 (96%)
remained engaged in clinical or translational research. Those who remained engaged in
research did not differ from those who did not in terms of the type of clinician or non-
clinician training, sex, or URM status (data not shown).

More than one third of scholars who had completed their KL2 training had transitioned to an
individual mentored CDA (225/579; 39%), and nearly half of scholars who had completed
their KL2 training two or more years before this study met this criterion (182/398; 46%) (see
Table 2 and Figure 1). One hundred and one former KL2 scholars (of 587; 17%) had been
awarded an NIH independent research project grant, and 120 (of 533; 23%) had received a
non-NIH independent research project grant. Some scholars received both, so the total
number of former KL2 scholars who had received independent funding was 190 (of 548;
35%). When time since completing KL2 training was considered, the percentage of scholars
with independent funding rose from 23% (40/171) of those within two years of completing
their KL2 training to 40% (149/374) among those who were two or more years beyond
completing their KL2 training. The cohort of former KL2 scholars included 71 scholars who
had received an individual CDA then transitioned to an independent research award and 119
scholars who had received an independent award without a period of individual CDA
support.

Compared to clinicians, non-clinicians differed somewhat in the types of grants they were
awarded (see Figure 2). A larger percentage of non-clinician PhDs than of clinicians had
received independent awards (42% vs. 32%), but a smaller percentage had received
individual CDAs (33% vs. 42%). Non-clinicians more frequently transitioned directly from
KL2 support to independent funding without a period of individual CDA support.

In a multivariable analysis accounting for multiple scholar characteristics and for clustering
by institution, the odds of non-clinician PhDs attaining independent funding were
approximately twice those of clinicians doing so, whereas the difference between clinicians
with and without a PhD was modest (see Table 3). Pursuing an advanced degree during KL2
training was not associated with obtaining independent research funding, and success did not
differ significantly by sex or URM status. We also considered possible associations between
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characteristics of the institution and scholar success. The amount of NIH funding an
institution received was not a predictor of an individual scholar’s success in transitioning to
independent research funding (data not shown).

Discussion

In this study, approximately one-third of scholars within six years of completing their KL2
training had successfully transitioned to independence, as defined by being awarded
independent research funding as a PI. This percentage was greater among scholars who had
completed their KL2 training two or more years earlier than among scholars within two
years of completing their training.

In contrast to some previous studies, in which research independence was defined according
to one criterion, being awarded an NIH RO1 grant, we expanded the criteria to include being
awarded comparable grants from other sources. We found that more KL2 scholars received
their first independent award from a non-NIH source than from NIH. A 2008 report, based
on a study at a single large institution, also observed that clinical investigator trainees were
more likely to obtain grants from non-NIH sources.® Recognition of the need to consider
the impact of biomedical research funding from non-governmental, not-for-profit
organizations in addition to that from the government led to the initiation of the Grants in the
Health Research Alliance Shared Portfolio.1” Such collaboration and data sharing between
governmental and non-governmental research organizations in the future may contribute to
improved understanding of research career development.

Although we found that the percentage of scholars with NIH independent research awards
was less than 20% of those who had completed their KL2 training, we expect this percentage
to increase over time. Many former KL2 scholars were participating in further mentored
training under individual CDA mechanisms at the time this study was conducted and may
continue on to pursue independent funding after their CDA is complete.

We found that scholars receiving a KL2 award included individuals from a range of clinical
disciplines, including medicine, nursing, psychology, pharmacy, and others. Approximately
one-fifth were translational science researchers with no clinical training. Female scholars
were slightly more numerous than male scholars in the KL2 cohort. In contrast, male
scholars represented 53% and 70% respectively of awardees receiving NIH individual K23
and K08 grants for the somewhat earlier period from 2000-2005.18 Female scholars have
been underrepresented among physician-scientists,12 although the gap is closing.®

The percentage of KL2 scholars who were from URM groups (12%) was essentially
identical to the percentage of URM physicians reported in the U.S. physician workforcel?
and was greater than the percentage of URM faculty at U.S. medical schools (7.1%).20
Among U.S. medical school faculty with a rank comparable to KL2 scholars (i.e., instructors
and assistant professors), the percentage of physicians from URM groups is estimated to be
8.4%. The percentages of African-Americans (5.2%) and Hispanics (6.6%) in the KL2
scholar population are slightly higher than the percentages reported for those groups in the
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NIH physician-scientist research project grant applicant pool (2.4% and 4.5%,
respectively).?

The CTSA program’s emphasis on diversity and on participation by underrepresented
groups8 may contribute to the greater representation of women and URM researchers we
observed among KL2 scholars. In addition, the processes for recruiting and selecting KL2
awardees from within an institution, in contrast to the processes for awarding individual NIH
career development grants for which an individual’s application is peer-reviewed by an
external panel, may support identifying qualified individuals who are members of
underrepresented groups.

We found that male and female KL2 scholars were similar in their success in attaining
independent funding and that URM individuals and their non-URM colleagues also had
similar success rates. These findings are in contrast to those of prior studies, which reported
that, NIH-wide, female and URM recipients of individual K awards had lower likelihoods of
applying for and obtaining R01 awards compared to their male and non-URM
counterparts.}1-14 Our findings may reflect continued progress over time for female and
URM researchers in clinical and translational science. However, we also saw differences in
our findings relative to 2012 data from the Physician-Scientist Workforce Working Group,
which found persistent disparities, including by sex and race/ethnicity, among physician-
scientist grant awardees.® The institutional KL2 selection process can take into account
firsthand knowledge of the applicant and his or her mentor and fit between the applicant’s
interests and institutional strengths. This process may support female and URM scholars in
the transition to independence. Prior research indicates that mentoring and career
development support play a role in the success of female and URM scholars.?1:22 The
integrated mentoring and support provided to KL2 scholars through the CTSA core
resources may play a role in the success of female and URM awardees compared to
individual CDA mechanisms. We cannot rule out that characteristics of the institutions with
CTSAs in general, rather than those of the KL2 programs specifically, also may contribute to
the greater success of female and URM applicants in attaining independent funding.

The pattern of transition to independent research funding for many individuals from clinical
disciplines was to first obtain an individual CDA following the period of KL2 support,
whereas non-clinician PhDs more often obtained independent funding directly following the
period of KL2 support without a period of individual CDA support. Individuals with non-
clinician PhDs likely have devoted more years to research training prior to participating in
the KL2 program. While having a PhD degree at the time of KL2 appointment was
positively associated with success attaining independent funding (significantly for non-
clinicians, non-significantly for clinicians), we detected no significant association between
pursuing a clinical research MS or PhD degree during KL2 training and the subsequent
transition to independent research funding. Many scholars already have advanced degrees at
the time of their appointment to the KL2 program and may not need further didactic research
training. The absence of an association between pursuing an MS or PhD degree and success
attaining independent funding may reflect a selection process; scholars who are identified as
needing additional didactic training are directed to pursue a clinical research MS or PhD
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degree during their KL2 support period, whereas those with adequate preparation prior to
KL2 appointment do not pursue an additional formal degree.

Of concern is the lower success rate for clinician scholars relative to non-clinician PhDs in
achieving independent funding. Clinicians without PhDs are likely to have no more than one
or two years of research experience before their appointment as K scholars, whereas non-
clinician PhDs have at least four years of pre-doctoral mentored research and several years
of post-doctoral research experience. It has been proposed that NIH consider a longer
mentored program that would combine three years of KL2-equivalent training with five
years of KO8/K23-equivalent training to fully prepare clinician scholars for independent
funding.23

Also of note is our finding that more than 95% of the individuals who had completed their
KL2 training were described as currently engaged in research. Participation in team science,
holding roles other than P, is increasingly recognized as making a significant contribution
in clinical research,324 and our data are consistent with former KL2 scholars taking on these
roles.

With a high survey response rate, we were able to present a fairly complete and
representative description of the cohort of scholars appointed in the first six years of the
CTSA KL2 Mentored Career Development program. In designing this study, we considered
that survey length adds to respondent burden and potentially affects response rates.2> We
therefore elected to limit the number of survey items used to describe each scholar. A
resulting limitation is that the data we collected did not include full career details nor grant
award details for each scholar. Further, we did not obtain data on team science metrics, such
as participation as a co-investigator on grants or publications. We also did not assess the
different processes each institution used to select scholars. We relied on research education
and career development faculty leaders to accurately report their scholars’ progress during
their post-award period. Each CTSA institution is responsible for tracking KL2 scholars’
outcomes and for reporting them to the funding agency. Thus, respondents to our survey
likely were able to refer to those tracking data to complete the survey. We used several
strategies to maximize the quality of our data, including providing a form respondents could
use to compile responses offline and carefully wording and beta-testing the survey.
Nonetheless, we acknowledge that respondent errors in reporting may be present. No other
existing cross-institutional data was available to validate responses.

It should be noted that due to the survey structure, the metrics of success we used to denote
independent funding differed somewhat from the “award rate” and *“success rate” data
provided in NIH reports.18 We obtained information regarding whether each scholar had
received an award but not whether she or he had applied for an award but was unsuccessful.

In conclusion, the CTSA KL2 award program supports the transition to independent
research funding for physician-scientists, other clinician-scientists, and non-clinician PhDs
interested in clinical and translational research. Female and URM scholars are well
represented in this program and have similar success as male and non-URM scholars in the
transition to independence. Many KL2 scholars first attain independent funding from non-
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NIH sources, so future research on the transition to independent funding should capture
multiple sources.
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Figurel.
Grants awarded to mentored clinical and translational scholars who completed their KL2

training from 2007-2013, by year since completion of KL2 training. Based on data from 601
scholars; excluded are 40 scholars for whom incomplete grant information was reported and
3 scholars with missing data on the year of completion of KL2 training.
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Figure2.
Grants awarded to mentored clinical and translational scholars who completed their KL2

training from 2007-2013, by type of previous clinical and/or PhD training. Based on data
from 601 scholars; excluded are 40 scholars for whom incomplete grant information was
reported and 4 scholars with missing data on previous clinical and/or PhD training.
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Table 2

Type of External, Peer-Reviewed Research Funding Awarded to 601 Mentored Career Development Scholars
After Completing the KL2 Program at 48 Clinical and Translational Science Award Institutions, 2007-20134

Scholars who completed

KL2training
All scholars 2+ yearsearlier
Type of award no. % no. %
Total 601 412
Individual career development award (CDA)b
No 354 611 216 54.3
Yes 225 389 182 457
National I nstitutes of Health (NIH) RO1
or equivalent independent award®
No 486  82.8 319 79.2
Yes 101 17.2 84 20.8
Non-NIH independent award?
No 413 775 266 74.1
Yes 120 225 93 259
Type of award by CDA, independent award,
or both
None 217 387 122 315
Individual CDA 154 275 116 30.0
Individual CDA and NIH or non-NIH 71 127 66 171
independent award
NIH or non-NIH independent award 119 212 83 21.4

aCeIIs may not add up to the total due to information not provided, including n = 22 missing CDA status, n = 14 missing R01 award status, and n =
68 missing non-NIH independent award status.

bDefined as an individual peer-reviewed training award such as an NIH K23, NIH K08, or Veterans Health Administration CDA.

cDefined as the principal investigator of an NIH RO1 award or the principal investigator of a project within an NIH program project or center award
(e.g., PO1).

Defined as the principal investigator of an independent, externally-funded, non-NIH, peer-reviewed research project of 3 or more years duration

(e.g., a Veterans Health Administration merit award or a foundation-funded research project award). Does not include mentored research or
industry-funded trials.
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