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ABSTRACT

Objectives Most first-time biomedical research grant
applications are not funded. In the challenging research
funding climate, resubmitting a grant application is a
necessary task for scientists. Identifying which factors
influence their decision to resubmit and the success

of resubmissions will inform funders and applicants.
However, data on resubmissions are fragmented and
under-reported. In this scoping review, we aimed to
summarise (1) the outcomes of resubmitting biomedical
research grant applications and (2) the demographic
characteristics of scientists who resubmitted grant
applications.

Design Scoping review with reporting informed by the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses.

Data sources MEDLINE, CINAHL, EMBASE, Cochrane
Central Registrar of Controlled Trials CENTRAL, PsycINFO,
Web of Science and grey literature sources were searched
through November 2022.

Eligibility criteria We included peer-reviewed and
grey literature records from the biomedical sciences
that reported outcomes of the resubmission process
(eg, resubmission success rate, rate of resubmission)
and information about the scientists who resubmit grant
applications (eg, sex, race, career stage).

Data extraction and synthesis Data were extracted
independently by two reviewers. The data were cross-

referenced and any conflicts were resolved via consensus.

Data were summarised descriptively and presented in
tables and figures.

Results Resubmissions represented a substantial
proportion of applications (lowest prevalence rate:
4%; highest prevalence rate: 56%) in a given funding
cycle and were reliably more successful than first-
time applications (lowest success rate: 16%; highest
success rate: 82%)—a phenomenon associated with
several sociodemographic, institutional and project-
related factors. There was conflicting evidence about the
relationship of sociodemographic-related, institution-
related and project-related factors to resubmission
likelihood and success.

Conclusion The resubmission process is a time-
consuming and often frustrating experience for
researchers. Our review identified opportunities to
streamline and improve the process to enhance the
biomedical research landscape.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Given the broad scope of our search strategy, we
are confident that we have captured the available
evidence related to biomedical grant resubmissions.

= We adhered to open science principles that facilitate
transparency and research integrity.

= The institutions included in our analysis were lo-
cated in high-income, mostly English-speaking,
Western nations.

= Data extracted from grey literature were primarily
available in aggregate form, and we used Web Plot
Digitizer (https://plotdigitizer.com/) to extract rele-
vant values.

= As this study was a scoping review, no risk of bias
assessment was performed for the included studies.

INTRODUCTION
Research grants fund advances in human
health, including new ways to prevent and
treat disease. It has never been harder for a
scientist to get funding. First-time application
success rates have declined across the last two
decades.' In high-income Western nations,
the success rate for a new grant application is
usually below 20%*™; in other places, substan-
tially lower.” As a result, scientists are well
acquainted with resubmitting unsuccessful
grant applications to obtain funding in the
current hypercompetitive environment.
Funding agencies also encourage appli-
cants to resubmit unsuccessful applications
in future competitions.” However, data on
the number of successful resubmissions,
factors related to the decision to resubmit,
and what makes a resubmission more likely
to be successful—all of which could strate-
gically inform researchers’ decisions and
agencies’ policies—are difficult to find, and
published studies are often cross-sectional.
This lack of longitudinal or historical trends
is a key knowledge gap. Scientists are increas-
ingly prompted to engage in open science
practices, including data transparency and
yet data from most funding agencies remain
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out of from the public domain. It is also unclear whether
demographic and institutional factors predict who does
and does not resubmit a grant application. Some under-
represented groups might have to resubmit grant appli-
cations more times before getting funded or may be less
likely to resubmit an unsuccessful application.” Obtaining
public research grant funding is becoming increasingly
difficult, and women, racialised individuals and early-
career researchers face greater barriers than others.*""

We want to do more than simply encourage a researcher
to persist with applying for grants—in this review, we
chart the available data on resubmission processes,
outcomes and the scientists who resubmit their grants.
Better informed applicants will find it easier to navigate
their resubmission decisions and funders may see ways to
streamline and improve their granting processes.

The objectives of this scoping review were to summarise
(1) the outcomes of resubmitting biomedical research
grant applications to competitive funding agencies and
(2) the demographic characteristics of scientists who
resubmitted their grant applications.

METHODS

The search strategies, data extraction instrument and
protocol for this scoping review were prospectively regis-
tered on the Open Science Framework on 5 January
2023."" The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA-ScR) statement
guided the conduct and reporting of our review. We used
scoping review methods due to the diverse nature of the
available literature and the broad nature of our objec-
tives.'”> The methodological guidance for conducting a
scoping review provided by the Joanna Briggs Institute was
followed." Here, we provide a summary of our scoping
review methods and direct readers to our protocol'' for
additional information.

Information sources and search

In November 2022, we searched the following data-
bases (platforms) for peerreviewed academic litera-
ture on biomedical grant resubmissions: MEDLINE
(Ovid), CINAHL (Ebsco), EMBASE (Ovid), Cochrane
Central Registrar of Controlled Trials CENTRAL (Ovid),
PsycINFO (Ebsco) and Web of Science (University
of British Columbia Institutional Access). The search
strategy was developed in consultation with a knowledge
synthesis and medical liaison librarian (VK) and a Peer
Review of Electronic Search Strategy was performed by
an independent librarian. The search strategies used
for each database are available in online supplemental
appendix 1.

We searched grey literature in August/September 2022.
The body of literature in this field has grown slowly over
time so we do not expect there were substantial advances
in this area that would change our conclusions since our
search was performed. Two researchers (AML and HK)
used a keyword search to explore websites for the 50 largest

(by investment amount) international philanthropic and
public research funding agencies (listed at https://www.
healthresearchfunders.org/). Keywords were “resubmit”,

”» o«

“resubmits”, “resubmission” and “resubmitted”.

Article screening

All records were uploaded to Covidence (Veritas Health
Innovation, Melbourne) ahead of eligibility screening.
Duplicates were removed using Covidence’s algorithm
and manual deduplication. Four researchers (AML, CLA,
HK and JW), working in pairs, screened results from
the database searches. One pair of reviewers (AML and
HK) screened results from the grey literature searches.
Conflicts were resolved via consensus; a third reviewer was
available to resolve disagreements if required.

Eligibility criteria

In this review, we discuss resubmission in the context of
an individual grant application that was initially unsuc-
cessful and then submitted to the same funding agency in
a subsequent competition (rather than a process where
scientists apply for additional, renewal or other funding
after an initial application or award).

Included sources must have reported at least one
outcome measure related to the process of resubmitting
a biomedical grant or the success of a biomedical grant
resubmission. Resubmission data from fields outside the
biomedical sciences (eg, social sciences, natural sciences)
were excluded. In cases where resubmission data were
aggregated with original grant submission data, and the
resubmission data could not be separated, the source was
excluded.

Studies were included regardless of funding agency
type, study design or date of publication. Only studies
published in English were included. Full details are avail-
able in the study protocol."

Data charting

Data were independently extracted by AML and HK using
a custom form.!! The data were cross-referenced, and any
conflicts were resolved via consensus; a third reviewer was
available to resolve disagreements if required.

Data items and synthesis

We organised the data according to themes that emerged
through the data extraction process. These themes were
organised according to our two main research objectives:

Objective 1: summarise the outcomes of resubmitting biomedical
research grant applications

The themes were rate of resubmission (how many scien-
tists resubmitted their unsuccessful grant applications?),
resubmission prevalence (what proportion of grant appli-
cations were resubmissions?), resubmission success rate
(how successful were resubmitted grant applications?),
downstream funding success (was an applicant more
likely to be successful in the long term if they resubmitted
an unsuccessful application or submitted a new applica-
tion?), applicants’ experiences (what issues did applicants
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identify in biomedical grant resubmission?) and time
(what was the time cost of resubmitting?).

Objective 2: summarise the demographic characteristics of
scientists who resubmitted their grant applications

The themes were as follows: variables associated with
resubmission (characteristics associated with whether a
scientist was more or less likely to resubmit) and variables
associated with resubmission success (factors associated
with higher or lower likelihood of resubmission success).

Applicantrelated variables associated with the likeli-
hood and success of resubmission were race, sex, gender,
career stage and field of study. Application-related vari-
ables associated with the likelihood and success of resub-
mission were original submission scores and ranking,
distance from the payline, clinical versus non-clinical
research and human versus animal research. See online
supplemental appendix 2 for a description of each of
these variables.

The data were summarised descriptively and presented
in tables and figures. Data were organised into a Micro-
soft Excel (Redmond, USA) spreadsheet and figures
were generated using Flourish (https://flourish.studio/)
(London, UK).

Patient involvement

Patient partners were not directly involved in the construc-
tion of the research question, selection of the study design
and outcome measures, or interpretation of the results.

RESULTS

We screened 16864 bibliographic records and obtained
138 records for full-text review. We excluded 104 records
that did not report resubmission data, 4 that did not disag-
gregate resubmission data from other submission data, 4
duplicate records and 1 non-English record. 96 results
were returned from the grey literature search, 15 of which

Resubmission Rate (%)

Agency for Healthcare Research and Quality,
K0, K01, K08, USA, n=79

National Institutes of Health, K08, K23, USA,
n=139

National Institute on Aging , R01, USA

European Union Research Council, Starting
and Advanced Grants, EU, n=4882

National Institutes of Health, RO1, USA,
n=4952
0

10 20

Figure 1

met the inclusion criteria; we excluded 85 records that
did not report resubmission data. Two additional records
were added through citation tracking."* ' The search
yielded 40 records for review. 31 studies (78%) reported
data from an American funding agency and 27 (68%)
reported data from the National Institutes of Health
(NIH) or one of its members. The results from our search
are presented using PRISMA-ScR flow diagram16 (online
supplemental appendix 3). The figure was generated
using PRISMA 2020."”

Study characteristics

The 40 records included in this scoping review reported
data from the following research funders: The NIH,
National Institute on Aging, the US Agency for Health-
care Research and Quality, National Heart Lung and
Blood Institute, National Institute of Allergy and Infec-
tious Disease, National Science Foundation, American
Cancer Society, Canadian Institutes of Health Research
(CIHR), the European Union Research Council, Neth-
erlands Organization for Scientific Research, the UK
National Health Service, Australian National Health and
Medicine Research Council, and Swiss National Science
Foundation (online supplemental appendix 4). The most
common award studied is the NIH ROl—*‘an award made
to support a discrete, specified, circumscribed project
to be performed by the named investigator(s) in an
area representing the investigator’s specific interest and
competencies, based on the mission of the NIH"."®

Rate of resubmission (how many scientists resubmit their
unsuccessful grant applications?)

Five studies reported the proportion of researchers
who resubmitted their unsuccessful grant applications
(figure 1). Values ranged from 18% to 50%; studies with
larger samples reported lower rates of resubmission.

40 50 60 70 80 90 100

(%)

Rate of resubmission, represented as the proportion (%) of applicants (white text at the end of each bar) who

resubmitted unsuccessful research grant applications, listed by funding institution, award type, nation and sample size (if

reported). EU, European Union.
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Better AO score -
A0 discussed
Al discussed
Al priority score favourable
Al ranking favourable
Overall impact score
Raw percentile score
Distance from the payline
Al new investigator

Al early stage investigagtor

Women applicants

Women PhDs

Women PhD new investigators
Women new investigators
Sex

Gender

Black PhDs

Black PhD new investigators
Asian PhDs

Hispanic MDs

Black MDs

Black MD new investigators
Black MD applicants

AA/B scientists

Clinical research

Surgical applications

Al animal study

Figure 2 Variables associated with rate of resubmission. (Green=the variable is associated with a higher likelihood of
resubmission; Grey=the variable is not associated with a change in likelihood of resubmission; Pink=the variable is associated

with a lower likelihood of resubmission).

13 studies explored the applicantrelated or application-
related variables that were associated with the likelihood
of resubmission. These findings are summarised in
figure 2 and the variables are described in online supple-
mental appendix 2. There was no consistent reporting of
effect sizes or statistical significance.

Original submissions, primarily those to the NIH,
that were reviewed and rated more favourably were
more likely to be resubmitted. The influence of sex and
gender was heterogeneous: females and women were
more, less and equally likely to resubmit their unsuc-
cessful grants.8 1920 African American/Black scientists
were less likely to resubmit grants,8 largely explained by
the discrepancy in original submission scoring.( When
original submission score was accounted for, African
American/black and white scientists were resubmitting at
roughly the same rate.

Resubmission prevalence (what proportion of grant
applications are resubmissions?)

Figure 3 displays the proportion of resubmissions (as
a percentage of total applications) over time in ROl

competitions at the NIH, along with data points from
the CIHR and one of the individual NIH institutes (The
National Heart, Lung and Blood Institute). The highest
resubmission prevalence was 56% for Al submissions
(first resubmissions) to the NIH in 2013 and the lowest
was 4% for A2 submissions (second resubmissions, which
were being phased out) to the NIH in 2012.

Resubmission success rate (how successful are resubmitted
grant applications?)
Figure 4 shows historical trends in application success
rate for RO1 awards at the NIH.? Resubmissions (Al and
A2) had a consistently higher rate of success than new
applications (A0). While second resubmissions (A2) were
phased out through a 2008 policy change, they had the
greatest likelihood of success among all three types of
applications while they were still permitted. Since second
resubmissions were eliminated, first resubmissions
(Al) have had a steadily higher likelihood of success
when compared with new applications.

11 studies discussed the success rate for resubmitted
grant applications. Studies that directly reported a success
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Resubmission Prevalence [ NIH RO1 resubmissions [ NIH RO1 resubmissions (A1) B NIH RO1 resubmissions (A2) B NHLBI RO1 resubmissions
CIHR Operating Grants resubmissions (overall) BoHRr Operating Grants resubmissions (males) B CHR Operating Grants resubmissions (females)

(%)

1996 1338 2000 2002 2004 2006 2008

2010 2012 2014 2016 2018 2020 2022

Year

Figure 3 Proportion of resubmissions over time, represented as the proportion of resubmissions in a given application cycle.
(A1=a first resubmission; A2=asecond resubmission). CIHR, Canadian Institutes of Health Research; NHLBI, National Heart,

Lung and Blood Institute; NIH, National Institutes of Health.

rate for resubmissions are summarised in online supple-
mental appendix 5. In all but one study,” resubmitted grant
applications were more successful than first-time applica-
tions. The studies were heterogeneous and cross-sectional,
although Lindman et al described the funding success of a
small group of cardiovascular physician—scientists across a
4-year period.** In data from 2011 to 2014, resubmissions
consistently demonstrated a better success rate than new
applications, although with significant variation.

A 2022 study by Souder et al reported the outcomes of
a training course for physician-scientists applying for
individual fellowship awards (F Awards) from the NIH.®
After completing the course, there was no significant
change in the success rate of resubmitted F Award appli-
cations, although the sample size was limited to only two
applications.

Five studies explored the applicantrelated or
application-related variables that were associated with
the resubmission success rate (figure 5). The applicant-
related variables reported were career stage, time spent
on the resubmission, whether or not the applicant had a
subsequent award, and whether or not the applicant had
completed a training programme. Application-related
variables were whether or not the original submission
was discussed, its score, total requested funds, human
versus animal sample and how many PIs were included

in the application. More information about each variable
is available in online supplemental appendix 2. Original
submissions that were reviewed more favourably were
more likely to be successful on resubmission. There was
no consistent reporting of effect sizes or statistical signifi-
cance across reported data.

Downstream funding success (is an applicant more likely

to be successful in the long term if they resubmit an
unsuccessful application or submit a new application?)

Doyle et al’® reported the downstream funding success of
11808 early career ROI applicants at 3 and 5years after
their original submission. Applicants who resubmitted
their original unfunded application were compared
with applicants who submitted a new application, and
the groups were stratified by whether or not the original
application was discussed (discussed applications indi-
cating a more favourable review). Resubmissions were
more successful than new applications, irrespective of
whether the original application was discussed (figure 6).

Applicants’ experiences (what issues do applicants identify in
biomedical grant resubmission?)

NIH K-award recipients emphasised the importance of
persistence in the face of rejection and how gender may
influence an applicant’s response to negative feedback."
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Resubmission Success Rate (%) @ NIH RoLA0 B NIH RoL AL B NIH RO1 A2
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60

0

1996 1998 2000 2002 2004 2006 2008

2010

NIH RO1 Al

NIH RO1 A2

NIH RO1 AD

2012 2014 2016 2018 2020 2022

Figure 4 Success rates for resubmitted R01 applications at the National Institutes of Health (NIH). (AO=original submission;

A1=first resubmission; A2=second resubmission).

Direct quotes are presented in online supplemental
appendix 6.

Canadian scientists alluded to their logistical difficul-
ties when resubmitting CIHR grant applications, a lack
of information about the reviewers who would be judging
their resubmitted grant applications, and how to address
reviewers’ comments when comments conflicted or were
inappropriate/ unhelpful.27

In a recent study by our group (in review), we inter-
viewed grant reviewers, committee chairs and scientific
officers at the CIHR. On the topic of grant resubmis-
sions, a committee chair commented on the discrepancy
between resubmission policy and practice.

Time (what is the time cost of resubmitting?)

A 2009 NIH policy change limiting researchers to a single
resubmission reduced the average time to award for appli-
cants, from 93 to 56 weeks.?

At the Australian National Health and Medical
Research Council,” the estimated average time cost of
resubmission was 28 working days. There was no signifi-
cant relationship between time spent on the resubmitted
application and likelihood of success.™

DISCUSSION
We collected and summarised the available information
related to resubmitted biomedical grant applications.

We addressed questions about the likelihood of pursuing
and succeeding with a resubmission versus a new applica-
tion and have identified other questions that the data do
not yet allow us to answer. Our most important finding
is that resubmitting a biomedical grant application is a
worthwhile endeavour (despite the time and frustra-
tion involved) particularly if the original submission was
reviewed favourably. There was no clear relationship
between applicant and application variables and the
likelihood of resubmission or likelihood of resubmis-
sion success. The important caveat is how well the orig-
inal submission performed: favourably reviewed original
submissions were more likely to be resubmitted and more
likely to be successful on resubmission. Applicants whose
original submissions performed well should be highly
motivated to resubmit. This finding is further supported
by our recent analysis of the CIHR Project Grant compe-
tition.” We encourage other funding agencies to follow
the NIH and CIHR in making these data available to
applicants and researchers.

Approximately 3 in every 10 applications in a given
funding cycle are resubmitted grants, and resubmis-
sions were overrepresented among successful grant
applications. We encourage applicants to consider
resubmitting an unsuccessful grant (even if it was not
initially discussed®’), rather than beginning a new appli-
cation. This echoes guidance provided by the NIH.’
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Likelihood ® More ® Less ® None

Lauer, 2016

A1l application discussed

Al priority score favourable

Al percentile ranking favourable
Al requested total cost

Al animal study

Al human study

Al new investigator

Al early stage investigator

Al multi-Pl application

Frequency of resubmission
Percentage of resubmission
Subsequent award (males)
Subsequent award (females)
Introduction of a grant-writing course

Time spent on resubmission

Haggerty, 2018

Kaatz, 2016 Souder, 2022 Herbert, 2013

Figure 5 Variables associated with resubmission success rate (Green=the variable is associated with a higher likelihood of
resubmission; Grey=the variable is not associated with a change in likelihood of resubmission; Pink=the variable is associated

with a lower likelihood of resubmission; Pl=principal investigator).

What is not clear is whether resubmissions were more
successful because they benefit from peer review or
because reviewers believe that applications improve iter-
atively based on the reviews they provide. We wonder:
are reviewers providing valuable, actionable feedback to
applicants that strengthens their scientific rigour? Or are
reviewers using an applicant’s adoption of their sugges-
tions as a proxy of fundability? Or perhaps there is there
another explanation for this relationship.

We observed demographic disparities, although the
statistical significance of these disparities was often
unclear. Sometimes, disparities seemed related to the
resubmission process. However, it is possible they origi-
nated from the first rounds of peer review. For example,
African-American/black scientists simultaneously had to
resubmit applications more often to obtain success in the
NIH and were less likely to resubmit their applications.’
Yet later, African-American/black scientists resubmitted

@ Resubmitted original RO1 (discussed) @ Submitted new RO1 (discussed) [ Resubmitted original RO1 (not discussed)

@ submitted new R01 (not discussed)

Successful funding at 3-years

Successful funding at 5-years

o

10 20 30 40 50

60 70 80 90 100

Success rate (%)
Figure 6 Downstream funding success of R01 applicants to the National Institutes of Health.
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grant applications at the same rate as other (non-
racialised) applicants when accounting for the score of
their initial application.”’ Resubmission outcomes were
likely a product of discrepancies during initial peer
review, and that topics studied by black scientists tended
to score less favourably.

We suggest that other demographic disparities need
examining with nuance to clearly identify the associated,
explanatory or mediating variables involved. To view these
complex relationships in isolation or without proper
context could mean misunderstanding both the problem
and possible solutions. Zea and Bowleg™ speculated about
reasons why scientists from under-represented minority
groups were revising and resubmitting their grant appli-
cations to the NIH less frequently than white colleagues.
They suggested a lack of mentorship was responsible,
where ethnic and racial minorities did not have mentors
to guide them in translating comments into a revised
application. Institutional resources for researchers during
the revision/resubmission process, including protected
time, bridge funding and other supports, are also vital to
scientists’ success.

We believe that many scientists who have applied for
a biomedical research grant can relate to the experi-
ences described in our review. Interview responses range
from frustration with administrative tasks like formatting
to difficulty interpreting conflicting comments from
different reviewers. Considering the substantial time that
scientists spend navigating the resubmission process, we
suggest that funders have an opportunity to create effi-
ciencies through strategic policy change. Funding agen-
cies can pull the necessary levers to improve the granting
process for applicants (by extending resubmission time-
lines) and agencies themselves (by reducing application
burden) through data-informed policy changes.” The
2022 synthesis by Recio-Saucedo e al summarised the
real-life interventions that funders have employed, and
we note that only the NIH and Research Council UK have
published data related to resubmission policy change.
Other funders may have evaluated how their own poli-
cies without making the data available. Unfortunately, the
current landscape is data-deficient.

Regarding difficulty with interpreting reviewer’s
comments, different groups of scientists (eg, under-
represented minorities, early career researchers) inter-
nalise and respond to comments differently.”* This
highlights another rich vein for future research to
explore what explains the likelihood of funding success.
Ongoing training, evaluation and quality improvement
for peer review committees is required to ensure quality
and professionalism in reviewer feedback.™

Future research

Outside the NIH, there was an absence of publicly available
data related to biomedical grant resubmissions. We urge
biomedical funding agencies to make data on grant resub-
missions available, including measures of resubmission prev-
alence and resubmission success rate, and application-related

and applicantrelated variables. Transparency will help appli-
cants make informed decisions about how to spend their
grantwriting time and guide evidence-informed policies at
funding agencies. Successful future research hinges on the
accessibility of this data. For that reason, we do not suggest
a systematic review is performed until funders significantly
improve their grantrelated data transparency.

Funders could begin by introducing or improving existing
internal processes to track resubmitted grant applications
and then reporting the data publicly. The NIH RePORTER
system is exemplary. As funders continue to embrace open
science practices—scientists are often required by funders
to make their data publicly available—they could simulta-
neously improve their own information-sharing practices.
Applicants benefit from knowing what the success rates are
for firsttime and resubmitted grant applications, along with
resubmission success rates stratified by relevant applicant
related and application-related variables. These data may also
help applicants recognise when their likelihood of resubmis-
sion success is low, allowing applicants to plan accordingly
and reducing the application burden on funding agencies.

CONCLUSIONS

Our scoping review collected and summarised the publicly
available information on biomedical research grant resub-
mission worldwide. We discovered a deeply incomplete and
fragmented data landscape, which does not fully inform the
research questions posed in this review or—perhaps more
importantly—researchers navigating the grant application
process. Better-informed applicants are a crucial piece of
effective and efficient funding practices. Our review reveals
rich opportunities for future research, calls for action on
adopting open data policies and provides a signal that stra-
tegic policy changes might meaningfully impact the pursuit
of high-impact scientific research.
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