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Mission of the Office of Portfolio Analysis 

• Coordinate portfolio analysis activities at NIH 
– Conduct analyses for NIH senior leadership 
– Plan and host Poster sessions, Seminars, Workshops, and Symposia 
– Create opportunities for crosstalk within the NIH community 

 Portfolio Analysis Interest Group (PAIG) and blog (The Analyst) 
 

• Consult 
– Assist NIH staff in the 27 Institutes and Centers (ICs) with analyses 

 Has resulted in collaborative development of tools, case studies, etc. 
 

• Train 
– Both formal classes and ad hoc sessions 
– OPA web site: user manuals, FAQs, instructional videos (under construction) 

 

• Develop a science of portfolio analysis  
– Build new tools / approaches and augment pre-existing ones 

 Primary focus is biomedical research 
– Build a community of experts: government, academia, private sector 

Office of Portfolio Analysis 
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OPA Training 
Current classes 

Portfolio Analysis: Introduction (PA101) 
IN-SPIRE: Introduction 

IN-SPIRE: Advanced Features 
IN-SPIRE: Applied Workshop 

New classes to commence in Spring 2015 
Network Analysis 

Bibliometrics 
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Current OPA training and support: content analysis 
 

Visualization/interactive discovery:  
Document clustering with IN-SPIRE 



Office of Portfolio Analysis 

NIH-customization of document clustering 
TBN (To be named later) 



Developing a science of portfolio analysis 

Office of Portfolio Analysis 

• Use existing data-driven approaches to characterize research investments 
and the resulting impact 
 

• Develop and deliver effective approaches and methodologies 
 

– Tools in development: 
 

 
 

 
 

Functionality Tool 
Content analysis IN-SPIRE + TBN (To be named later) 

Efficient disambiguation iClean 

Effective bibliometrics iCite 

Map translational science iTrans 

Track patent, licensing, start-up activity iTech 



  
 
 
 

 

Allen, R.P. 
Anderson, K.C. 
Berger, C. 
Cannon, C.P. 
Cohen, J.D. 
Collins, P.G. 
Johnson, D.H. 
Kahn, R. 
Kim, R.Y. 
Lee, T.I. 
Liu, E.A. 
Miller, K. 
Park, J. 
Russell, M.E. 
Scott, E.W. 
Singh, A.K. 
Stern, M. 
Stone, G.W. 
Ward, E. 
Zhou, G. 

Data integration requires an effective disambiguation tool   

Top 20  
difficult author 

names to 
disambiguate 

~22 PIs 
in IMPAC II 
per name 
(554 total) 

Manual 
inspection  

60.4% of the  
authors have  
never applied  

for an NIH award 

Nicholson & 
Ioannidis gave us 

a list of 1172  
author names 

that we needed 
to disambiguate 

Office of Portfolio Analysis 
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• Multimodal information sources 
– Author name 
– Publication title 
– Publication keywords 
– Automatically extracted terms (title and abstract) 
– Abstract similarity 
– Author institution(s) 
– Co-author network 
– Citation network 
 

• Uses a machine learning approach 
 

• Will prompt users to manually curate hard cases 
– This information can feedback to improve performance 

 

• Permits accurate, less time-consuming network analysis, which is 
increasingly popular among NIH program staff 

 

• Can be used to link any grants database to the literature with 
minimal ambiguity 

iClean: A web-based tool for automated disambiguation  



Developing a science of portfolio analysis 
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• Use existing data-driven approaches to characterize research investments 
and the resulting impact 
 

• Develop and deliver effective approaches and methodologies 
 

– Tools in development: 
 

 
 

 
 

Functionality Tool 
Content analysis IN-SPIRE + TBN (To be named later) 

Efficient disambiguation iClean 

Effective bibliometrics iCite 

Map translational science iTrans 

Track patent, licensing, start-up activity iTech 
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• Limitations of commonly used bibliometrics in measuring/comparing 
 the value of a publication or group of publications: 

 Publication Counts: field-dependent, use-independent 
 Impact Factor:  journal-level metric 
 Citation Rates: field- and journal-dependent 
 h-index: field-dependent, time-dependent 
 

• RCR 
 Need:  An article-level metric that is independent of field, journal, 

and time 
 Assumption: Citation of a publication reveals value to or influence 

on the citer 
 RCR normalizes citations to the publications co-citation network 

iCite 
Web-based use of the Relative Citation Rate (RCR) metric 



Calculating Relative Citation Rate 

RCR = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑅𝑅𝑅𝑅
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑅𝑅𝑅𝑅

  

Cites/yr. = 10.33 

1 8 12
 

10
 

Article Citation Rate 
(denominator excludes year of publication) 

• Article-level metric 
 
• Number of cites per year 

 
• RCR changes over time with 

the accrual of new citations 
 

• Scalable to large portfolios 
containing tens of thousands 
of articles 



Expected Citation Rate Part 1: Calculate the Field Citation Rate 

= Article of interest 

Cite the article of interest 

Cited by the article of interest 

Co-cited with article 
of interest:  
the co-citation network 

Field Citation Rate 
= Average the 
journal citation 
rates for these  
co-cited articles 
(includes article of 
interest) 

Calculating Relative Citation Rate 



Expected Citation Rate Part 2: Benchmark the Field Citation Rate 

 

Expected 
cites per year 

(based on peers’ 
performance) 

Expected CR = m(FCR) + b 

Calculated Field Citation Rate 
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Benchmark papers 
(R01-funded articles) 

• Use this linear regression 
equation to  transform the 
Field Citation Rate 
 

• This benchmarks 
expectations to R01-funded 
papers for any Field (avg. = 
1.0) 

RCR = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑅𝑅𝑅𝑅
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑅𝑅𝑅𝑅

  

Calculating Relative Citation Rate 



RCR extends easily to a portfolio of papers 

Expected cites per year 
(based on peers’ performance) 

Article cites/yr 
Expected cites/yr 

Calculated Field Citation Rate 

Number of papers RCR =  
∑ 11.2

10.7,14.1
10.9,14.0

11.2,13.9
11.4

4
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 • Easily extended to a 

portfolio by 
averaging the RCRs 
of the individual 
articles  
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RCR 
How is the paper of interest cited relative to other papers in its co-citation network? 

Thomson Reuters Science Citation Index Expanded, 2002-2012 

    0 = never cited 
    1 = average 
    2 = twice the average  
>20 = exceptionally highly cited  
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#1 in AMERICAN JOURNAL OF PATHOLOGY 
#2 in CNS NEUROSCIENCE & THERAPEUTICS 
#3 in EXPERIMENTAL AND MOLECULAR PATHOLOGY 
#4 in HEPATOLOGY INTERNATIONAL 
#5 in JOURNAL OF TRANSLATIONAL MEDICINE 
#6 in JOURNAL OF TRAUMA AND ACUTE CARE  
#7 in SURGERY 
#8 in JOURNAL OF VIROLOGY 
#9 in LEUKEMIA 
#10 in PLOS ONE 
#11 in PLOS ONE 
#12 in PLOS ONE 
#13 in PLOS ONE 
#14 in PROCEEDINGS NATL ACAD OF SCI USA 
#15 in SHOCK 
#16 in SHOCK 
#17 in TOXICOLOGY AND APPLIED 

#1 in CELL HOST & MICROBE 
#2 in CELL REPORTS 
#3 in COLD SPRING HARBOR PERSPECTIVES IN BIOLOGY 
#4 in CURRENT OPINION IN STRUCTURAL BIOLOGY 
#5 in CURRENT OPINION IN VIROLOGY 
#6 in CURRENT OPINION IN VIROLOGY 
#7 in CURRENT OPINION IN VIROLOGY 
#8 in EMBO JOURNAL 
#9 in IMMUNITY 
#10  in JOURNAL OF APPLIED CRYSTALLOGRAPHY 
#11 in JOURNAL OF BIOLOGICAL CHEMISTRY 
#12 in JOURNAL OF VIROLOGY 
#13 in MOLECULAR THERAPY 
# 14 in NATURE 
#15 in PLOS ONE 
#16 in PLOS PATHOGENS 
#17 in PLOS PATHOGENS 
#18 in PROCEEDINGS NATL ACAD OF SCI USA 
#19 in PROCEEDINGS NATL ACAD OF SCI USA 
#20 in STRUCTURE 

Nature 2011 
Hepatitis C paper 

PLoS ONE 2011 
Hepatitis C paper RCR = 3.0 RCR = 4.2 

2012 publications citing 
a Nature 2011 paper on Hepatitis C: 

2012 publications citing  
a PLoS ONE 2011 paper on Hepatitis C: 

Co-citation 
network 

… 

RCR denominator: sample co-citation networks 
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PLoS ONE 
2011 

Hepatitis C paper  

RCR = 3.0 

RCR = 4.2 

Nature 
2011 

Hepatitis C paper  

RCR denominator: sample co-citation networks 

Other denominators  
(e.g. TR’s) use the 
“multidisciplinary” 
category for both 

papers, which 
includes: 

 

Structural biology 
Ecology 

Neuroscience 
Climate change 

Medicine 
Education 

et al. 
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• 684 papers published in 2009 supported by R01s and representing a 
range of RCRs 

• Papers assigned based on content of the reviewer’s published work  
• 537 IRP Investigators were recruited with approval of their SDs 
• 3-5 PIs received the same set of 5 publications 

 Pubs and responses via a secure intranet site  
 

• 6 questions asked with a 5 point response scale 
 

• Response as of Oct 14, 2014 
 44.3% Investigators responded 
 1028 responses to 562 papers, 290 with ≥2 responses/paper 

RCR validation study using subject matter experts 
 

Is there a correlation between RCR and expert assessment of 
value/quality/impact? 



• IMPORTANCE 
 Rate whether the question being addressed is important to answer. 
 (1 = Not Important, 2 = Slightly Important, 3 = Important, 4 = Highly Important, 5 = Extremely Important) 

 
• METHODS 

 Rate whether you agree that the methods are appropriate and the scope of the experiments adequate.  
(1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree) 
 

• ROBUSTNESS 
 Rate how robust the study is based on the strength of the evidence presented.  

(1 = Not Robust, 2 = Slightly Robust, 3 = Moderately Robust, 4 = Highly Robust, 5 = Extremely Robust) 
 

• HUMAN HEALTH RELEVANCE 
 Rate the likelihood that the results could ultimately have a substantial positive impact on human health outcomes.  

(1 = Very unlikely, 2 = Unlikely, 3 = Foreseeable but uncertain, 4 = Probable, 5 = Almost Certainly) 
 

• LIKELY IMPACT 
 Rate the impact that the research is likely to have or has already had.  

(1 = Minimal Impact, 2 = Some Impact, 3 = Moderate Impact, 4 = High Impact, 5 = Extremely High Impact) 
 

• OVERALL EVALUATION 
 Provide your overall evaluation of the value and impact of this publication.  

(1 = minimal or no value, 2 = Moderate value, 3 = Average value, 4 = High value, 5= Extremely high value) 

Relative Citation Rate – Review Criteria 

Office of Portfolio Analysis 
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Cell Biology 
Genetics and Genomics 
Neuroscience 
Chromosome Biology 
Developmental Biology 
Immunology 
Molecular Biology and Biochemistry 
Cancer Biology 
Stem Cell Research 
Molecular Pharmacology 
Systems Biology 
 
 
 
 

 
 
 
 
 
 
 
Epidemiology 
Clinical Research 
Virology 
Computational Biology 
Biomedical Engineering & Biophysics 
Chemical Biology 
Microbiology and Infectious Diseases 
Structural Biology 
Health Disparities 
Social and Behavioral Science 

Fields of science represented 
in the RCR validation study 
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Relative Citation Rate (RCR) validation study 

OVERALL EVALUATION 
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R2 = 0.94 

n = 290 papers with multiple reviews 

Reviewer Score 
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Relative Citation Rate (RCR) validation study 

LIKELY IMPACT 
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R2 = 0.95 

n = 290 papers with multiple reviews 



How do reviewers weigh these factors when 
deciding on a paper’s overall value? 

Re
la

tiv
e 

Im
po

rt
an

ce
 o

n 
Ar

tic
le

 V
al

ue
 

(R
an

do
m

 F
or

es
t)

 

0

20

40

60

80

100

120

140

160

180

Likely Impact Robustness Importance Human Health Method

Office of Portfolio Analysis 



Office of Portfolio Analysis 

RCR 
How is the paper of interest cited relative to other papers in its co-citation network? 

Thomson Reuters Science Citation Index Expanded, 2002-2012 

     0 = never cited 
     1 = average 
     2 = twice the average  
>20 = exceptionally highly cited  



Accurately gauging expected citations 
(the denominator in normalized bibliometrics) 

RCR 
Co-citation networks used to calculate denominator 

• R01-funded pubs with Expected CPY < 2.0 in 2009 
 

• TR Ratio ranged from 0 to 23.4 
 

• Average TR Ratio = 1.6 
 

• R01-funded pubs with Expected CPY < 2.0 in 2009 
 

• RCR ranged from 0 to 3.7 
 

• Average RCR = 0.24 
 

Office of Portfolio Analysis 

Thomson Reuters 
Journal categories used to calculate denominator 



Accurately gauging expected citations 
(the denominator in normalized bibliometrics) 

Social networkers’ attitudes toward direct-to-consumer personal genome testing 
The American Journal of Bioethics 9 : 3-10 (2009) 

 

26.3 cites per year 

Office of Portfolio Analysis 

• Expected CPY: 10.1 
 

• RCR: 2.6 

• Expected CPY: 1.36 
 

• TR ratio: 19.4 

Thomson Reuters 
Journal categories used to calculate denominator 

RCR 
Co-citation networks used to calculate denominator 
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Bibliometric analysis of renewed vs. declined  
T2 applications (FY08-FY12) 

RCR
T2 Outcome # Awards # Discussed* # Funded # Pubs Pubs/Award Avg SEM Weighted**

Funded 10816 10816 10816 138212 12.8 1.04 0.01 13.3
Discussed* 6973 6973 0 62836 9.0 0.90 0.01 8.1

Not discussed 7015 0 0 47896 6.8 0.77 0.04 5.3

  *DNF = Discussed but not funded 
**Weighted RCR = Avg  RCR     Pubs/Award * 
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Continuously funded (R01) NIH Investigators, ranked by RCR,  3089 PIs 

Scientific mobility of PIs continuously funded 
through two consecutive 4-year periods 

Office of Portfolio Analysis 



Office of Portfolio Analysis 

Uses of RCR to compare impact 

• Validated use: 
 compare individual publications within a network 

 
• Additional uses: 

 compare output of individual investigators 
 compare output of cohorts (portfolios, programs, mechanisms…) 
 flagging low impact for inspection 
 to follow trends  

 
• Possible misuses of RCR or any bibliometric assessment: 

 determining importance of the endeavor 
 predicting long-term impact of the work 
 evaluating effectiveness of “downstream” application (e.g. patentable) 



Developing a science of portfolio analysis 
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• Use existing data-driven approaches to characterize research investments 
and the resulting impact 
 

• Develop and deliver effective approaches and methodologies 
 

– Tools in development: 
 

 
 

 
 

Functionality Tool 
Content analysis IN-SPIRE + TBN (To be named later) 

Efficient disambiguation iClean 

Effective bibliometrics iCite 

Map translational science iTrans 

Track patent, licensing, start-up activity iTech 



iTrans: Tracking bench to bedside trends 
in scientific knowledge 

Human 

Cellular/ 
Molecular 

Animal Biological mechanism of disease 
elucidated in model systems 

Candidate 
pharmacological 
modulators developed 

Pharmaceuticals 
tested in animal 
research 

Mutations in genes of interest 
discovered in human patients 

Clinical trials 
Griffin Weber 
Identifying translation science 
within the triangle of biomedicine 
J Trans Med 11:126 (2013) 



British Medical Journal 
Phase II-IV, JAMA 

Phase I, Neurology N Engl J Med 

Brain, Annals Neurol 
Cereb Cortex 

Nat. Genet. 
J Translational Med 

Nat. Med. 
Sci Translational Med 

Nature 
Science 

Sci Signaling 
J Neuroscience 

Neuron, Nat. Neurosci. 
Cell 

Develop. Neurobiol. 

Neural Dev. 
J Comparative Neurol 

Human 

Cellular/ 
Molecular 

Animal 

iTrans: Tracking bench to bedside trends 
in scientific knowledge 



Human 

Cellular/ 
Molecular 

Animal 

High article density 

Low article density 
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National Institute of Aging  
National Institute of  

General Medical Sciences  
Human 

Cellular/ 
Molecular 

Animal 

NIH-funded publications in 2012 



1998 

Human 

Cellular/ 
Molecular 

Animal 

High article density 

Low article density 

Office of Portfolio Analysis 

Articles citing Fire et al., Potent and specific genetic interference by 
double-stranded RNA in C. elegans (1998) Nature 391:806-11 (  ) 



2000 

Human 

Cellular/ 
Molecular 

Animal 

High article density 

Low article density 

Office of Portfolio Analysis 

Articles citing Fire et al., Potent and specific genetic interference by 
double-stranded RNA in C. elegans (1998) Nature 391:806-11 (  ) 



2002 

Human 

Cellular/ 
Molecular 

Animal 

High article density 

Low article density 

Office of Portfolio Analysis 

Articles citing Fire et al., Potent and specific genetic interference by 
double-stranded RNA in C. elegans (1998) Nature 391:806-11 (  ) 



2004 

Human 

Cellular/ 
Molecular 

Animal 

High article density 

Low article density 

Office of Portfolio Analysis 

Articles citing Fire et al., Potent and specific genetic interference by 
double-stranded RNA in C. elegans (1998) Nature 391:806-11 (  ) 



2006 

Human 

Cellular/ 
Molecular 

Animal 

High article density 

Low article density 

Office of Portfolio Analysis 

Articles citing Fire et al., Potent and specific genetic interference by 
double-stranded RNA in C. elegans (1998) Nature 391:806-11 (  ) 



2008 

Human 

Cellular/ 
Molecular 

Animal 

High article density 

Low article density 

Office of Portfolio Analysis 

Articles citing Fire et al., Potent and specific genetic interference by 
double-stranded RNA in C. elegans (1998) Nature 391:806-11 (  ) 



2010 

Human 

Cellular/ 
Molecular 

Animal 

High article density 

Low article density 

Office of Portfolio Analysis 

Articles citing Fire et al., Potent and specific genetic interference by 
double-stranded RNA in C. elegans (1998) Nature 391:806-11 (  ) 



2012 

Human 

Cellular/ 
Molecular 

Animal 

High article density 

Low article density 

Office of Portfolio Analysis 

Articles citing Fire et al., Potent and specific genetic interference by 
double-stranded RNA in C. elegans (1998) Nature 391:806-11 (  ) 



1998 

Human 

Cellular/ 
Molecular 

Animal 

Human 

Cellular/ 
Molecular 

Animal 

2010 
High article density 

Low article density 

Office of Portfolio Analysis 

Articles citing Fire et al., Potent and specific genetic interference by 
double-stranded RNA in C. elegans (1998) Nature 391:806-11 (  ) 

February 7, 2011 



Developing a science of portfolio analysis 

Office of Portfolio Analysis 

• Use existing data-driven approaches to characterize research investments 
and the resulting impact 
 

• Develop and deliver effective approaches and methodologies 
 

– Tools in development: 
 

 
 

 
 

Functionality Tool 
Content analysis IN-SPIRE + TBN (To be named later) 

Efficient disambiguation iClean 

Effective bibliometrics iCite 

Map translational science iTrans 

Track patent, licensing, start-up activity iTech 
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iTech: Patents, licensing and start-ups 
Connecting the dots (bidirectionally) 

NIH 
awards 

publications 

citations 

citations 

Patents 

Licensing 

Startups 



Adapted from: Hopkins AL, Groom CR. The druggable genome. Nat Rev 
Drug Discov. 2002,1(9):727-30. 

Office of Portfolio Analysis 

Case study: the druggable genome 
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Drugs Launched against Nuclear Receptors 

Oncology 
24% 

Endocrinology 
19% 

Genital & 
Urological Disease 

17% 
Cardiovascular 
& Metabolic   
Disease  8%  

Musculoskeletal   
Disorder 7% 

Respiratory  
Disease  6% 

OB/GYN 5% 

Digestive Disorder  3% 
Neurological Disorder  3% 

Mental & Behavioral Disorder 3% Infectious Disease 2% 
Ophthalmology  2% 

Other1% 

The druggable genome: nuclear receptors 



Profile of NIH funding, publications, and launched drugs since 1940  

Office of Portfolio Analysis 

The druggable genome: nuclear receptors 
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Don’t have drugs 

Do have drugs 

The druggable genome: nuclear receptors 

Bottom   ̴15% of the publication space 
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Number of Patents (log scale)  

Awarded patents citing NIH-supported research on nuclear receptors, by Institute 

Office of Portfolio Analysis 

The druggable genome: nuclear receptors 

Fogarty 
Int’l Center 

Minority 
Health 

Disparities 

Alternative 
Medicine 

Deafness/ 
Commun. Disorders 

Human 
Genome 

Mental 
Health 

Alcohol 
Abuse 

Biomedical Imaging/ 
Bioengineering 

Dental 

Drug 
Abuse 

Eye 

Arthritis 
Environmental 

   Health 

Child Health 

Neuroscience 

Allergy & 
Infectious Diseases 

Cancer 

Research 
Resources 

General 
Medical Sciences 

Heart Lung & 
Blood 

Diabetes 
Digestive 
& Kidney 

Aging 

$M per  
patent 

15 

5 
1.5 
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iTech: Patents, licensing and start-ups 
Connecting the dots (bidirectionally) 

NIH 
awards 

publications 

citations 

citations 

Patents 

Licensing 

Startups 





NIH Center for 
Information Technology 

 

Calvin Johnson 
Krishna Collie 
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Questions? 
Comments? 
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