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We have two broad ways of encouraging innovation

“Pull” mechanisms: Reward innovations (e.g. patents)

I Benefit: gives people incentives to pursue highest potential projects

I Concern:
I Distorts access to innovations afterward (high price of on patent

drugs, etc.)
I Only incentivizes commercially viable projects (less research in basic

science, conditions important to people who can’t afford to pay, etc.)

“Push” mechanisms: Subsidize innovations (e.g. grants, tax credits)

I Benefit: Resolves some issues with the above

I Concern: Can the government pick winners?

Today: Will talk about recent work in Science on the efficacy of NIH
peer review.



Assessing the Efficacy of NIH peer review

Good peer review can be defined in many ways. We need:

1. A notion of what good peer review means
I Give the best scores to the best projects
I Give the best scores to the best projects that wouldn’t be funded

otherwise?

2. Measures of what “best project” means
I Produces the most citations
I Produces patents, drug candidates, medical devices, clinical trials,

clinical protocols, etc.?
I Leads to drugs and treatments that produce the most QALYs saved?

Research question: How well do scores predict outcomes?



Bottom Line: Peer review adds value

Percentile scores provide information about grant quality not available
elsewhere.

I Among observably similar applicants, a 1 std dev improvement in
percentile score predicts 16% more citations and 8% more
publications.

Percentile scores predict high impact research

I Among observably similar applicants, a 1 std dev improvement in
percentile score predicts 20% more high-impact publications and
15% more follow-on patents



What we do

1. Start with more data: all NIH-funded R01 grants from 1980-2008

2. Track grant outcomes
I # Publications: all articles that acknowledge funding from a grant.
I # of Citations: all citations to those publications, through 2013.
I # Hit Publications: very highly cited publications
I # Patents: all patents that acknowledge funding from a grant.
I # Patents building off this grant: all patents that cite publications

that acknowledge a grant

3. Control for applicant characteristics (does peer review predict
outcomes among observably similar candidates?)

I Past publications, citations, grant history
I Institutional affiliation



Publication Outcomes

Step 1: NIH Grants → Publications



Patenting Outcomes

Step 1: NIH Grants → Patents
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[57] ABSTRACT 
7B-Acylarnino-3-tri?uoromethylsulfonyloxy-1-carba-3 
cephem-4-carboxylic acid antibiotic compounds, esters 
and salts thereof, and the corresponding 7-amino and 
protected 7-amino l-carbacephalosporins are provided. 
The 3-trifluoromethylsulfonyloxy-substitutecl l-car 
bacephalosporins also are useful in a process for prepar 
ing 3-halo-l-carbacephalosporins which comprises re 
acting a 3-triflate ester with a lithium halide in an 
aprotic polar solvent. 

5 Claims, No Drawing 4,820,816 1 

3-TRIFUOROMETHYLSULFONYLOXY-SUB 
STITUTED l-CARBACEPHALOSPORINS AS 

INTERMEDIATES FOR ANTIBIOTICS 

The United States government has rights in this in 
vention by virtue of Grant No. GM-33328 awarded by 
the National Institutes of Health. 

This application is a division of application Ser. No. 
018,668, ?led 2-25-87 now U.S. Pat. No. 478,884, which 
is a division of application Ser. No. 08/761,647, ?led 
8/2/85, now U.S. Pat. No. 4,673,737. 

BACKGROUND OF THE INVENTION 
This invention relates to l-carba(1-dethia)-3-cephem 

4-carboxylic acids and derivatives thereof. In particu 
lar, it relates to 7-acylamino-(or 7-amino)-3-tri?uorome 
thylsulfonyloxy- l-carba(1-dethia)-3-cephem-4-carboxy 
lic acids and esters thereof and to a process for prepar 
ing 3-chloro and 3-bromo-l-carba (1-dethia)-3-cephem 
4-carboxylic acids with the 3-tri?uoromethylsul 
fonyloxy derivatives. 
The l-carba(1-dethia)-3-cephem-4-carboxylic acids, 

hereinafter l-carbacephalosporins, possess the 4,6-bicy 
clo ring system represented by the following formula 

COOH 

wherein the numbering of the cepham nomenclature 
system is used for convenience. 
The preparation of l-carbacephalosporins and C-3 

substituted methyl derivatives thereof is taught broadly 
by Christensen et al., U.S. Pat. No. 4,226,866. Hirata et 
al., U.K. Patent Application No. 2041923 teach a pro 
cess for preparing 3-H and 3-halo l-carbacephalospo 
rins, while Hatanaka et al., Tetrahedron Letters, 24, [No. 
44], pp. 4837-4838 (1983), teach a process for preparing 
a 3-hydroxy-(i)-l-carbacephalosporin. Because of the 
importance of these newer B-lactam antibiotics, there is 
a need for better methods for their preparation and for 
l-carbacephalosporins with enhanced potency against 
infections and resistant microorganisms. 

DETAILED DESCRIPTION 
The l-carbacephalosporin compounds provided by 

this invention are represented by the formula 1 

COOR] 

wherein A is hydrogen, an amino-protecting group, or 
an acyl group 

2 
wherein R is hydrogen; C1-C6 alkyl, C1-C6 alkyl substi 
tuted by cyano, carboxy, halogen, amino, C1-C4 alkoxy, 
C1-C4 alkylthio, or trifluoromethylthio; a phenyl or 
substituted phenyl group represented by the formula 

3: 

wherein a and a’ independently are hydrogen, halogen, 
hydroxy, C1-C4 alkoxy, C1-C4 alkanoyloxy, C1-C4 
alkyl, C1-C4 alkylthio, amino, C1-C4 alkanoylamino, 
C1-C4 alkylsulfonylamino, carboxy, carbamoyl, hy 
droxymethyl, aminomethyl, or carboxymethyl; 

' a group represented by the formula 

20 

25 

30 

35 

40 

45 

50 

55 

65 

A 

wherein a and a’ have the same meanings as de?ned 
above, Z is O or S, and m is 0 or 1; a heteroaryl 
methyl group represented by the formula 

ill-CH2 

wherein R1 is thienyl, furyl, benzothienyl, benzofu 
ryl, indolyl, triazolyl, tetrazolyl, oxazolyl, thia 
zolyl, oxadiazolyl, thiadiazolyl, and such heteroa 
ryl groups substituted by amino, hydroxy, halogen, 
C1-C4 alkyl, C1—C4 alkoxy, C1-C4 alkylsul 
fonylamino; 

a substituted methyl group represented by the formula 

wherein R2 is cyclohex-l,4-dienyl, or a phenyl 
group or substituted phenyl group represented by 
the formula 

wherein a and a‘ have the above de?ned meanings, 
or R2 is R1 as de?ned above, and Q is hydroxy, 
C1-C4 alkanoyloxy, carboxy, sulfo, amino, or a 
substituted amino group represented by the for 
mula 

wherein R’ is hydrogen or C1-C3 alkyl, R" is 
C1-C4 alkyl, furyl, thienyl, phenyl, halophenyl, 



Follow on Patenting Outcomes

Step 1: NIH Grants →
Publications

Step 2: Publications → Patents



Raw Correlation, Scores and Citations/Publications

Statistically significant
relationship: 5.8 fewer citations
for every 1pp increase in
percentile rank.

This could mean:

I Reviewers are contributing
unique insights about the
quality of an application

I Reviewers are aggregating
information that is available
elsewhere.

I Reviewers are doing anything
that is better than random.



Defining Value-Added in Peer Review

Value-added: Can peer review tell us something about the quality of an
application we couldn’t have figured out otherwise?

I No value added: “This person has a strong publication record so this
current proposal is likely to be serious as well.”

I Might be true, but could figure that out from a CV

I Value added: “This is just more of the same and is less likely to
have the same impact because we know it already.”

I Would be hard to figure out without reading the application or some
kind of human review.



Quantifying Value-added

Raw Correlation

Research Outcomesg = a0 + a1Scoreg + Errorg

I a1 is the average change in future outcomes for a 1 unit increase in
score (want this negative)

Value Added

Research Outcomesg = b0+b1Scoreg +[Applicant Characteristics]+Errorg

I Applicant Characteristics: publication history, grant history, degrees,
age, institutional affiliation, etc.

I b1 is the average change in future outcomes for a 1 unit increase in
score – among similar applicants.



Applicant Characteristics

I # Publications, past 5 years

I # of Citations, past 5 years: all citations to date for those
publications

I # Hit Publications, past 5 years: publications cited in top 0.1%,
1%, and 5% of the citation distribution for articles published the
same year. Based on citations to date.

I Publication variables repeated for first/last author publications only.

I Degrees: M.D., Ph.D., or both

I Grant History: Prior R01 or other NIH funding recipient

I Institutional Affiliation: Ranked by number of NIH grants received.



Value-Added: Do Percentile Scores Predict “Surprise”
Grant Outcomes?



Value-Added: Do Percentile Scores Predict “Surprise”
Hits?



Percentile Scores and Grant Outcomes

(1) (2) (3) (4)

-0.0203*** -0.0215*** -0.0162*** -0.0158***
(0.0006) (0.0008) (0.0007) (0.0007)

N 137,215 136,076 136,076 128,547

-0.0155*** -0.0091*** -0.0076*** -0.0076***
(0.0003) (0.0003) (0.0003) (0.0003)

N 137,215 136,111 136,111 128,580

Control for subject-year? No Yes Yes Yes

Control for PI characteristics? No No Yes Yes

Control for PI publication history? No No No Yes

Notes:  Each reported figure is the coefficient on scores from a single Poisson regression of grant outcomes on NIH 
peer review scores. The sample includes all NIH-funded R01 grants from 1980-2008.  We restrict to new and 
competing renewal applications that received study section percentile scores. The actual sample size used per 
regression depends on the number of non-zero observations for the dependent variable.  The independent variable is 
the percentile score: for each funded grant, this refers to the percent of other applications to the same study section - 
year that received a better study section priority score (lower percentiles represent higher rankings).  Future citations 
refers to the total number of citations, to 2013, that accrue to all publications that acknowledge funding from a given 
grant.  Future publications refers to the total number of such publications.  Subject-year controls refer to study 
section by fiscal year fixed effects, such that we compair grants evaluated by the same study-section in the same year.  
PI characteristics include controls for degrees, instituional affiliation, and past grant history.  PI publication history 
includes controls for number of past publications, number of past citations, and number of past hit publications.  See 
Supporting Online Material for more details.  

Dependent Variable: Future Citations

Dependent Variable: Future Publications

Do Peer Review Scores Predict Future Citations and Publications?

Independent Variable: NIH Percentile Score

Independent Variable: NIH Percentile Score



Percentile Scores and Grant Outcomes – Alternative
Samples

Main Estimate New Grants
Competing 

Renewal Grants
Rare Names

(1) (2) (3) (4)

-0.0158*** -0.0130*** -0.0180*** -0.0157***
(0.0007) (0.0010) (0.0009) (0.0008)

N 128,547 71,185 56,365 109,592

-0.0076*** -0.0055*** -0.0091*** -0.0073***
(0.0003) (0.0005) (0.0004) (0.0004)

128,580 71,236 56,367 109,619

N

Control for subject-year? Yes Yes Yes Yes

Control for PI characteristics? Yes Yes Yes Yes

Control for PI publication history? Yes Yes Yes Yes

Notes:  Each reported figure is the coefficient on scores from a single Poisson regression of grant outcomes on NIH 
peer review scores.  Column 2 restricts to new R01 grants.  Column 2 restricts to renewed R01s.  Rare names 
includes only grant applications from PIs for whom there is fewer than one other person in PubMed with the same  
last name and first and middle initials. See notes to Table 1 and the Supporting Online Material for more details.  

Do Peer Review Scores Predict Citations and Publications?  Alternative Samples

Dependent Variable: Future Citations

Independent Variable: NIH Percentile Score

Dependent Variable: Future Publications

Independent Variable: NIH Percentile Score



Percentile Scores and Tail Grant Outcomes

Top 0.1% Top 1% Top 5% Direct Indirect

(1) (2) (3) (4) (5)

-0.0247*** -0.0210*** -0.0172*** -0.0150*** -0.0154***
(0.0025) (0.0014) (0.0008) (0.0022) (0.0015)

N 88,795 118,245 125,021 92,893 122,850

Control for subject-year? Yes Yes Yes Yes Yes

Control for PI characteristics? Yes Yes Yes Yes Yes

Control for PI publication history? Yes Yes Yes Yes Yes

Independent Variable: NIH 
Percentile Score

Dependent Variable: High Impact Publications Dependent Variable: Patents

Do Peer Review Scores Predict Future High Impact Research?

Notes: Each reported figure is the coefficient on scores from a single Poisson regression of grant outcomes on NIH 
peer review scores. The sample includes all NIH-funded R01 grants from 1980-2008.  We restrict to new and 
competing renewal applications that received study section percentile scores. The actual sample size used per 
regression depends on the number of non-zero observations for the dependent variable. The independent variable 
is the percentile score: for each funded grant, this refers to the percent of other applications to the same study 
section - year that received a better study section priority score (lower percentiles represent higher rankings).  
High Impact publication is given by the count of publications acknowledging the grant that receive more citations 
than all but 0.1%, 1%, or 5% of publications from the same year.  Direct patents are those that acknowledge 
funding from a grant; indirect patents are those that cite publications that acknowledge funding from a grant.  
We control for the same variables as described in Column 3 of Table 1 and in the Supporting Online Materials.  



Thank you!

Questions or comments? dli [at] hbs.edu


