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Musculoskeletal and Skin Disorders—
Leading Causes of Disability
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Presenter
Presentation Notes
“Musculoskeletal disorders are causing a surprisingly large share of the disease burden around the world. In every region, regardless of income or other demographic factors, low back pain and neck pain rank high on the list of causes of YLDs.” 
-- From Years lived with disability (YLDs) for 1160 sequelae of 289 diseases and injuries 1990—2010: a systematic analysis for the Global Burden of Disease Study 2010.  Lancet, Volume 380, Issue 9859, Pages 2163 - 2196, 15 December 2012  doi:10.1016/S0140-6736(12)61729-2

Graphic adapted from http://www.healthmetricsandevaluation.org/gbd/visualizations/gbd-cause-patterns
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Presentation Notes
ICs listed here supported osteoporosis grants in FY 2012 (per RePORTER) / participate in the FWGBD
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ICs listed here supported autoimmune grants in FY 2012 (per RePORTER)
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Presentation Notes
ICs listed here are involved in the MDCC


Overview

e Trans-NIH efforts
e Multi-center clinical studies
e Basic and translational research



Study of Osteoporosis (SOF) and Mr. OS

e Bone mineral density of the hip

— One of the best predictors of fracture

e Factors influencing bone mineral density
— Diet
— Body weight
— Family history
— Physical activity

— Smoking
— Medications

 Other factors influencing fracture development
— Visual acuity — Medications

— Clutter


Presenter
Presentation Notes
Study of Osteoporotic Fractures (SOF) in women  
started in 1996
~8,000 women
NIAMS total costs YTD = $29,621,781
Total costs YTD = $84,006,006

Osteoporotic Fractures in Men Study (Mr. OS)
started in 1999
~6,000 men
NIAMS total costs YTD = $27,249,344
Total costs YTD = $48,058,594






Hip Fractures Among Women Aged
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From Brauer et al abstract:  
The age-adjusted incidence of hip fracture increased from 1986 to 1995 and then steadily declined from 1995 to 2005. 
In women, incidence increased 9.0%, from 964.2 per 100 000 in 1986 to 1050.9 in 1995, with a subsequent decline of 24.5% to 793.5 in 2005. 
In men, the increase in incidence from 1986 to 1995 was 16.4%, from 392.4 to 456.6, and the subsequent decrease to 2005 was 19.2%, to 369.0. 
The incidence decrease is coincident with increased use of bisphosphonates.


Foundation for NIH (FNIH) Biomarkers
Consortium Bone Quality Project

 Advance the qualification of biomarkers for drug
development and patient management
— Qualify imaging and biochemical markers from clinical trials

 Goal
— Improve ability to predict fracture

 Project team
— NIH
— U.S. Food and Drug Administration
— Academic researchers
— Pharmaceutical industry (Amgen, Eli Lilly, Merck)
— American Society for Bone and Mineral Research
— The Dairy Research Institute®


Presenter
Presentation Notes
Gayle Lester is the project chair.



Osteoarthritis (OA)

 Degenerative joint disease resulting in breakdown
of cartilage and loss of joint function

o Often develops in
weight-bearing joints
— Injury can trigger OA
development
e Most common type of
arthritis

— Affects an estimated 27
million adults in the
United States



Presenter
Presentation Notes
Left x ray = OA
Right x ray = no OA
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% The Osteoarthritis Initiative %0
A Research Resource for Biomarker Validation

e Need

— Objective and measurable standards for osteoarthritis
(OA) onset and progression by which new drugs can
be evaluated

e Goal

— Create research resources to aid in identification and
evaluation of biomarkers as candidates for surrogate
endpoints for OA

e Mechanism

— Develop a prospective, natural history cohort

= ~ 5,000 people, most of whom have or are at high risk of
developing OA

= ~ 20% minority enroliment


Presenter
Presentation Notes
Three components to cohort

Progression cohort:   subjects with clinical and radiographic evidence of knee osteoarthritis and knee pain/stiffness on most days of the month.
Incidence cohort:   subjects with one or more clinically determined risk factors for developing knee osteoarthritis and knee pain/stiffness on some days of the month.
Non-exposed cohort:   subjects who are asymptomatic, have no clinical risk factors for developing knee osteoarthritis, have no knee pain/stiffness, and have no clinical or radiographic evidence of knee osteoarthritis.

Resources for biomarker validation 
Clinical data
Imaging files – X rays and MRI
Biological specimens – blood, urine, DNA
Availability
Public database with web-based access to clinical data
Access to all images upon request
Application process for biospecimens – blood, urine, DNA
Usage (as of November 4, 2013)
>2,900 registered users from >80 countries
17,266 data sets downloaded 
404 image sets distributed




'S
The Osteoarthritis Initiative Consortium

University of California, San Francisco (data coordinating center)
Memorial Hospital of Rhode Island, Pawtucket

The Ohio State University, Columbus

University of Maryland School of Medicine, Baltimore

University of Pittsburgh

Foundation for the

Private sector sponsors National Institutes NIH Sponsors

e Merck Research Laboratories* e NIA e NCCAM ¢ ORWH
e Novartis Pharmaceuticals Corporation e NIDCR*

e Pfizer, Inc.

OAIl Steering Committee NIH Management
OAl institutions e Project Officer

Private sector sponsors e Contracting Officer
NIH sponsors e |nstitute Directors

Liaison from the Food and Drug Administration e NIAMS
Liaisons from other interested entities e NIA

Observational Safety and
Monitoring Board

* GlaxoSmithKline, Merck Research Laboratories, and
NIDCR participated between 2001 and 2009 only.



Presenter
Presentation Notes
Budget Data
Start Date FY 2002
End Date  FY 2015
NIAMS total costs YTD  = $27,242,000
Total costs YTD  = $94,276,000



Osteoarthritis (OA)

 Degenerative joint disease resulting in breakdown
of cartilage and loss of joint function

o Often develops in
weight-bearing joints
— Injury can trigger OA
development
e Most common type of
arthritis

— Affects an estimated 27
million adults in the
United States
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Ll Recent Findings an
from OAI Data

 Results published
— 158 OAIl-based publications as of September 2013

 Analytic methods developed
— Facilitate longitudinal comparison of images

e Predictive markers identified

MRI markers
predictive of
symptomatic OA

Cartilage defect Bone marrow lesions Meniscal ex


Presenter
Presentation Notes
From Dr. Sharma’s presentation at ACR  (note:  findings are from Dr. Sharma, images were not part of her presentation)
Introduction: 
Important to investigate if pre-radiographic lesions  detected by MRI are incidental or harbingers of OA
If such lesions constitute early OA, they could become targets of novel treatments that may alter course of disease

Objective:   Identify OAI participants with both knees Kellgren/Lawrence (K/L) grade 0 on x-ray at baseline, in order to test hypotheses that cartilage damage, bone marrow lesions (BML), and meniscal damage are associated with prevalent frequent knee symptoms, and incident persistent knee symptoms   

Subset of Methods: Readings of 12- (baseline) and 48-month MRIs.  Readers blinded to hypotheses / criteria by which knees selected for reading / clinical data  

Summary:  In persons at higher risk for knee OA and K/L = 0 in both knees
Cartilage damage , BMLs, meniscal extrusion, and BMI were associated with prevalent frequent knee symptoms
Cartilage damage, BMLs , meniscal tears, and BMI were associated with incident persistent symptoms
More concomitant lesion types were associated with greater risk of outcomes



Ll Ongoing Efforts egll

e FNIH Biomarkers Consortium

— Goal: Discover imaging and biochemical biomarkers of OA
progression

e NIAMS-funded contracts focused on OAI
data / image analysis

— Pivotal Osteoarthritis Initiative Magnetic Resonance Imaging
Analyses

— Hip Morphology and Limb Specific Risk Factors for
Radiographic Hip OA

— Efficacy of Complementary Alternative Medical Treatments
for OA of the Knee on Patient-Centered Outcomes

e Basis for investigator-initiated research
projects



‘PROMIS™*

« Patient Reported Outcomes Measurement
Information System (PROMIS)

— Large item bank measuring patient-reported outcomes
— Computerized adaptive testing system

— Relevant to a wide range of chronic diseases

e NIH Common Fund Initiative
— Begun in 2004

— Transitioning to institute support


Presenter
Presentation Notes
NIAMS has been leading the NIH Common Fund program PROMIS, the Patient Reported Outcomes Measurement Information System, since its inception 10 years ago.

PROMIS is a rich resource for researchers, clinicians and patients.  PROMIS enhances the availability of patient-reported outcomes in a number of areas, such as pain, sleep, and functioning in social settings.

PROMIS is intended to bring the patients’ voice and experience (no matter age, ethnicity, race, gender, etc.) into patient-centered clinical research and care.  Allows for ‘apples to apples’ comparisons of results-something not currently possible with other measurement instruments.   PROMIS is about symptoms assessment, health and quality of life of patients and minimizing patient burden when answering questions about themselves.

NIAMS has started to include patient-reported outcomes in clinical studies.

Budget data 
NIAMS total costs YTD (FY 2004-2013) = $1,354,000
Total costs YTD (FY 2004-2013) = $96,537,000



"PROMIS™

PROMIS Self-Reported Health Domains

(Patient Response)

Pain  Physical Health Mental Health -

' «— Symptoms _\ . : - -
Fatigue ymp 7 _ Behavior -~

... and more Function s : v
~ /L, Cognition = = = = = = - >
/ 7 Emotion \

Activities of daily living
Lower extremities / mobility

Upper extremities / dexterity Anmety
... and more Depression |
- Anger / aggression
Social Health Substance abuse
_ - =~ Role Participation ... and more
“«-7 . Social Support



Presenter
Presentation Notes
Dashed lines indicate that the “branches” for these domains are not shown


PROMIS®

PROMIS Resources

Informatics Tools
Assessment Center SN~ 4 40 Adult Measures
Supports >600 active studies | -~/ 20 Pediatric Measures

In past year alone

Advancing Knowledge
>240 Peer-Reviewed

publications in 116 different ': | Translations |
journals All item banks = Spanish

(Over 40 other languages)

Cooperative Group
12 Research Sites
3 Centers
150+ Scientists

NIH funding (>$100M)
Numerous RFAs and supplements since 2004 to support Center & Sites




Engaging Federal Partners

Food and Drug Administration / Interagency Clinical Outcomes
Assessment Working Group

— Moving PROMIS into the FDA qualification process and assessing
whether it may substitute for the SF-36

Centers for Medicare and Medicaid / Centers for Clinical
Standards and Quality

— Discussing PROMIS instruments as quality performance measures

Patient Centered Outcomes Research Institute (PCORI) / NIH-
PCORI Task Force

— Involved in PCORI’'s Patient-reported Outcomes (PRO)
Infrastructure Workshop (November 2013)

Department of Defense (DoD)

— Working with PROMIS to implement Pain Assessment Screening
Tool and Outcomes Registry (PASTOR)


Presenter
Presentation Notes
More about PCORI’s Patient-Reported Outcomes (PRO) Infrastructure Workshop:  Goal = discuss strategies for increasing the use of PROs in electronic health records (EHRs). The workshop is focused on developing an action plan for enhancing use of PROs for clinical care, research, and quality performance evaluation. Patients, clinicians, researchers, healthcare system leaders, and policy makers attended. 

Also regarding PCORI, Jim Witter says there is an RFI that will be coming out soon from PCORI that specifically seeks input to move forward with PROMIS.  Still not released yet, but it gives an idea of the sorts of efforts the Task Force is engaged with in terms of PCORI.  

On the international level, PROMIS played a prominent role in the recent meeting in Montreal.  Again, per Jim, there is funding to translate all PROMIS items into French, similar to the Spanish translation effort in the United States.  




Overview

e Trans-NIH efforts
e Multi-center clinical studies
e Basic and translational research



Spine Patient Outcomes
Research Trial (SPORT)

e Begunin 1999

— Is surgery better than non-operative treatments such as
physical therapy and medication?

— Does conservative treatment that delayed surgery harm
patients?

e Three common causes of surgery for low back pain

Intervertebral disc herniation Degenerative spondylolisthesis

1|
— Disc
¥ = Nucleus
i A b ] g
7 -
H | o

Normal Stenosis

Spinal stenosis
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Acute low back pain that is serious enough to disrupt daily routines affects about 75 percent of adults sometime during their lives. In the vast majority of patients, low back pain resolves within a few weeks. In approximately five percent of patients, pain does not resolve within 12 weeks; these people are diagnosed with chronic low back pain. They experience significant disability and their treatment represents 90 percent of the healthcare costs associated with low back pain. 
 
Although clinicians can quickly identify some of their patients who desperately need surgery for their pain—as well as some patients who will recover without it—they lacked practicable evidence to help guide decisions about how best to treat patients who were not as easily categorized. When NIAMS funded the Spine Patient Outcomes Research Trial (SPORT) in 1999, surgeons questioned whether surgery was better than non-operative treatments such as physical therapy and medication. They were also unsure whether conservative treatment that delayed surgery was harming their patients. 

SPORT researchers have been monitoring the health of people who have low back pain due to the three most common reasons for low back pain surgery: intervertebral disk herniation (when a cartilaginous disk that cushion the bones of the spine protrudes from its normal position and pressure on the spinal column and surrounding nerves), lumbar spinal stenosis (a narrowing of the bony elements around the spinal cord and nerve roots in the lower back), or degenerative spondylolisthesis (the forward slippage of one vertebra on top of another). 



SPORT:. Robust Cohorts
Leading to Many Publications

# of Participants Key Publications

Condition RCT Obs. (years of follow-up, cohort)
Intervertebral disc 501 743  Weinstein et al, JAMA 2006
herniation (2-yr, randomized trial)

 Weinstein et al, JAMA 2006
(2-yr, observational study)

 Weinstein et al, Spine 2008 (4-yr)
o Lurie et al, Spine 2013 (8-yr)

Spinal stenosis 289 365  Weinstein et al, N Engl J Med 2008
(2-yr)
 Weinstein et al, Spine 2010 (4-yr)
Degenerative 304 303  Weinstein et al, N Engl J Med 2007
spondylolisthesis (2-yr)

 Weinstein et al, JBJS 2009 (4-yr)


Presenter
Presentation Notes
Start: FY 1999
End: FY 2014

NIAMS total costs, YTD = $22,816,053
Total costs, YTD = $23,416,053


SPORT Results for All Groups

« At 2 and 4 years, surgical patients had better
function and were more satisfied with their progress
than those who did not have surgery

— Similar results observed 8-years post treatment for
intervertebral disc herniation

— 8-year data will be available soon for spinal stenosis and
degenerative spondylolistheses

e Surgery remains an option for patients with
worsening symptoms or who did not improve with
conservative treatment

— People are not subjecting themselves to further harm if they
adopt a “wait-and-see” approach before committing to
surgery


Presenter
Presentation Notes
Early findings showed that, in general, most surgical patients fared better than patients who received non-operative care, although many patients got better without surgery. These results held true two-to-four years after treatment.

Additional data are revealing which patients are more likely to benefit from surgery than others. For example, SPORT findings suggest that the risks of surgery may not be worth the benefits for people with diabetes who are considering spine surgery. Fortunately, SPORT has shown non-operative treatments are beneficial for any of the three conditions, regardless of whether a patient has diabetes. Patients who underwent surgery for a herniated upper lumbar disk benefited significantly more than those who had lower lumbar herniations; patients treated for middle lumbar herniations had intermediate benefits two years after surgery. In the case of patients who had degenerative spondylolisthesis, patients who received surgery for grade II slippage (on a scale of I to IV, with I being the least severe) reported significantly more improvement one year after surgery than those who had less severe slips, while men and women who had hypermobile vertebrae responded better to non-operative treatments than those who had stable vertebrae. Patients who have single level stenosis tended to improve more than those with multilevel stenosis, especially after surgery. When researchers looked at the effects of combining fusion surgery with decompressive laminectomy to remove pressure on the nerves, they found that fusing two vertebrae did not provide any additional benefit over decompressive laminectomy for patients who had lumbar spinal stenosis without the slippage that characterizes degenerative spondylolisthesis.



SPORT Back Pain Treatment
Calculator Guides Decisions

 Rich database led to treatment calculator showing
possible patient results after surgical or non-surgical
treatment for low back pain
— Website: http://caligari.dartmouth.edu/SpinalOutcomes/

— Answer questions about
= Diagnosis = Activity level = Qverall health

= Age and sex = Pain

 Next step: Refine calculator to include
— Individual patient characteristics
— longer-term outcomes data from SPORT

— Information about complications following surgery or the
need to have a second procedure

— Results from other related studies


Presenter
Presentation Notes
The data described above, as well as other analyses from the SPORT cohort, has allowed investigators to create a rich database of short and long-term outcomes. SPORT researchers at Dartmouth College have integrated that data into a “back pain treatment calculator” for patients. The calculator shows possible patient results for physical activity, pain, and overall health after surgical or non-surgical treatment for low back pain. In addition to making the tool available online, the Dartmouth-Hitchcock Medical Center has integrated this tool into their electronic health records system so that physicians can use it in patient visits.




Bracing in Adolescent Idiopathic
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Scoliosis Trial (BrAIST)

e Scoliosis
— Curvature of the spine
— More common in girls than in boys
— Treatments: waiting, bracing, surgery

e Multi-center clinical trial
— Led by Dr. Stuart Weinstein at University of lowa
— Begun in 2006
— 383 patients (155 randomized cohort, 228

observation cohort)

 Monitoring patients who have mild curves
In the spine
— Do curves get worse?
— Do braces help?


Presenter
Presentation Notes
Adolescent idiopathic scoliosis (AIS) is a curvature of the spine with no clear underlying cause. In mild cases, monitoring over time by a physician may be all that is needed. However, in more severe cases — especially when the child is still growing — the use of a brace, or even surgery, may be recommended. Left untreated, more serious curves can cause pain and disability.

Researchers from the Bracing in Adolescent Idiopathic Scoliosis Trial (BrAIST) set out to compare the risk of curve progression in adolescents with AIS who wore a brace with those who did not. The study team, led by Stuart Weinstein, M.D., and Lori Dolan, Ph.D., of the University of Iowa, Iowa City, enrolled 383 subjects at 25 institutions in the United States and Canada between March 2007 and February 2011. Although BrAIST began as a completely randomized study, the team added a preference cohort, where patients and families could choose their own treatment. Treatment was randomly assigned for about 40% of study participants and based on preference for the remainder.  

Patients in the observation arm received no specific treatment, while those in the bracing arm were instructed to wear a brace for 18 hours per day. 


Bracing Significantly Reduces
Risk of Curve Progression and
Need for Surgery

Weinstein et al, N Engl J Med 2013

Before and after

bracing x-rays of a
girl with adolescent
idiopathic scoliosis.

Images courtesy of Lori
Dolan, University of lowa /
BrAIST database
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Treatment was considered to be unsuccessful when a curve progressed to 50 degrees. Treatment was considered a success when the child reached skeletal maturity without this degree of curve progression. 

In January 2013, the trial was stopped early after finding that bracing significantly reduced the risk of curve progression and the need for surgery, and that more hours of brace wear was associated with higher success rates. In the combined randomized and preference cohorts, 72 percent in the bracing group achieved success. 

Budget data
Start: FY 2005
End: FY 2014
NIAMS Total Costs, YTD: $4,556,138
Total Costs, TYD: $5,288,738


More Hours of Brace Wear Associlated
with Higher Success Rates

Weinstein et al, N Engl J Med 2013
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Wearing a brace more than an average of 13 hours per day was associated with success rates of 90 to 93 percent. Of note is the fact that 48 percent of patients in the observation group, and 41 percent of patients in the bracing group who wore the brace infrequently, also had positive outcomes.

“This study presents important evidence addressing the fundamental question facing families and clinicians dealing with the diagnosis of AIS — to brace or not to brace,” said Weinstein. “Now we can say with confidence that bracing prevents the need for surgery.”

Figure legend:  Rate of Treatment Success According to Average Hours of Daily Brace Wear
During the first 6 months, patients wore the brace for a mean (±SD) of 12.1±6.6 hours per day (range, 0 to 23.0). Duration of brace wear was positively associated with the rate of success (P<0.001 by the chi-square test). The lowest quartile of wear (mean hours per day, 0 to 6.0) was associated with a success rate of 42%, whereas brace wear for an average of at least 12.9 hours per day was associated with success rates of 90 to 93%. I bars indicate 95% confidence intervals.



CARRA

Childhood Arthritis & Rheumatology Research Alliance

 Childhood Arthritis and Rheumatology Research
Alliance (CARRA)
— Self-actuated network
— More than 390 pediatric rheumatologists and researchers
— Over 92 institutions in North America

e CARRA Registry
— More than 9250 patients
— Basis for more than 30 research projects
» Standards of care for juvenile dermatomyositis
» Early, aggressive therapy for juvenile idiopathic arthritis

= Trial of rilonacept for systemic juvenile idiopathic
arthritis

» Atherosclerosis prevention in pediatric lupus
erythematosus


Presenter
Presentation Notes
The rheumatic diseases covered by registry are:
Juvenile idiopathic arthritis (JIA)
Systemic lupus erythematosus (SLE)
Multiple connective tissue disease (MCTD)
Juvenile dermatomyositis (JDM)
Localized scleroderma (LS)
Systemic sclerosis (SS)
Vasculitis
Sarcoid
Juvenile primary fibromyalgia syndrome (JPFS)



Atherosclerosis Prevention in Pediatric
Lupus Erythematosus (APPLE)

A collaborative effort between NIAMS and the Childhood Arthritis and
Rheumatology Research Alliance (CARRA) to study the effects of a common
cholesterol drug (atorvastatin) against artery fat buildup in children with lupus


Presenter
Presentation Notes
Statins are used widely in adult populations for the control of atherosclerosis.
 
Lupus in pediatric populations is generally more severe than in adults, with comorbidities, such as cardiovascular disease that is related to premature atherosclerosis.
 
Because of this increased risk of cardiovascular disease, a team led by Drs. Laura Schanberg of Duke University and Christy Sandborg of Stanford University investigated the potential benefits of statin treatment to slow the progression of atherosclerosis in children with lupus.
 
The Atherosclerosis Prevention in Pediatric Lupus Erythematosus study, known as APPLE, involved 20 sites across North America that participate in the Childhood Arthritis and Rheumatology Research Alliance, or CARRA.

Budget data:
NIAMS Total Costs YTD (FY 2002-2013) = $27,242,000
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@ APPLE Conclusions @

e Preclinical atherosclerosis starts in children and
adolescents with systemic lupus erythematosus

o Statins should not be routinely prescribed to
children with lupus

— Finding will spare children the cost and potential side
effects of a drug that is not proven to be beneficial

— Low dose, intermediate duration statin therapy was safe in
this population

— Statins may benefit patient subgroups with severe disease

A well-functioning network can successfully
complete a complex trial in a rare pediatric disease

Schanberg et al, Arthritis Rheum 2012
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Presentation Notes
Over 200 pediatric lupus patients were enrolled in the double-blind, prospective, placebo-controlled trial for a 36-month trial period that evaluated vascular outcome measures.  
182 completed the study

The difference in the carotid intima-media thickness, or CIMT, was not significant between the statin-treated and placebo-treated groups.
 
While the results do not demonstrate compelling evidence to support treatment with statins in children and adolescents with lupus for the prevention of atherosclerosis, there may be benefits to patient subgroups with severe disease, and such studies are ongoing.


Overview

e Trans-NIH efforts
e Multi-center clinical studies
e Basic and translational research



Proposed Mechanism of
Marfan Syndrome

Consortium for Translational Research in Marfan Syndrome P01 AR049698 (FY ‘02-14)

Excess TGF-beta Excess TGF-beta Phenotypic
activation signaling consequences
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Latent complex

Emphysema

Mitral valve prolapse
Aortic aneurysm
Myopathy

Others?

Normal

Losartan, an
angiotensin Il
Marfan TeC.ePtor

Talalle]ice]
syndrome

Ramirez and Dietz, Curr Opin Genet Dev 2007
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P01 AR049698 (FY 2002-2014)
Investigators
Francesco Ramirez, PI (Mount Sinai)
Harry Dietz, Co-PI (Johns Hopkins)
Lynn Sakai, Co-PI (Shriner Hospital)
Daniel Rifkin, Co-PI (NYU)
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Gene Transfer for Recessive Dystrophic Epidermolysis Bullosa

 Recessive dystrophic epidermolysis bullosa (RDEB)

— Severe inherited blistering skin disease caused by absence
of a protein known as type VIl collagen

— Patients develop large, severely painful blisters and open
wounds from minor trauma to their skin

— Patients often die in late-teens or early-20s from metastatic
skin cancer originating in chronically scarred skin

e Gene Transfer for RDEB

— Phase I clinical trial

— Create a graft from the patient's own skin cells that have
been genetically engineered to express this missing protein
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Presentation Notes
Gene Transfer for Recessive Dystrophic Epidermolysis Bullosa (R01AR055914, Lane)

Start date: FY 2009
End date: FY 2014
NIAMS Total Costs, YTD = $3,349,939




Lack of Type VII Collagen Changes
Skin Structure

 Normal skin
— Keratinocytes synthesize type Vi

collagen molecules (red), which ——- —
assemble into anchoring fibrils
— Fibrils entrap the interstitial collagen
Anchoring

fibers in the .dermls, securing the fbrils __ Interstitial
stable association at the dermal- collagen fibers
epidermal junction

Keratinocytes

e RDEB
— There are only a few rudimentary

anchoring fibrils, allowing formation T "I‘

of blisters below the lamina densa

as a result of minor trauma %@ﬁ

Uitto et al, J Invest Dermatol 2012
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 Recessive dystrophic epidermolysis bullosa (RDEB)

— Severe inherited blistering skin disease caused by absence
of a protein known as type VIl collagen

— Patients develop large, severely painful blisters and open
wounds from minor trauma to their skin

— Patients often die in late-teens or early-20s from metastatic
skin cancer originating in chronically scarred skin

e Gene Transfer for RDEB

— Phase I clinical trial

— Create a graft from the patient's own skin cells that have
been genetically engineered to express this missing protein
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Gene Transfer for Recessive Dystrophic Epidermolysis Bullosa

Preliminary Results

B
OR Post-Prep OR Post-Graft

Images courtesy of Alfred Lane, Stanford Univ. School of Medicine
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Presentation Notes
From Dr. Lane:  Week 4 wounds which shows the wounds before and after grafting. As you can see it appears as if we have at least 90% of the graft attaching effectively to the skin. Wound D (shown here) is a wound on the deltoid that has been there for over six years and has been extremely painful for our subject. He is now pain free in that area.  


Recombinant Type VIl Collagen (rC7)
on Normal and RDEB Mouse Skin

Topical rC7 Accelerates Wound Topical rC7 Forms Anchoring
Closure on Normal Mouse Skin Fibrils (AF) in RDEB Mouse Skin
C? Vehicle C7  Vehicle Vehicle C7

Wang et al, Molecular Therapy 2013
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Presentation Notes
From Carl:  This is now protein replacement therapy rather than gene therapy, so a bit different from the first intro slide. The left and right sides of this slide address different processes. On the left is the acceleration of wound healing in normal skin. This could be the big market/impact. The right side addresses therapy for RDEB. 

From Mei Chen:
LEFT:  In this experiment, we applied 30 g of C7 onto standardized skin wounds made in athymic nude mice.  You can see that compared with the vehicle control (VE), the C7-treated wounds demonstrated accelerated wound closure.  The same results were seen if we made similar wounds in pigs or in human skin grafted onto athymic hairless mice. 
RIGHT: To evaluate the topical approach in a disease model, we grafted C7 knock out RDEB mouse skin onto athymic nude mice, made small wounds 2 weeks after grafting and then topically applied C7 or VE onto these wounds in the RDEB grafts. You can see that C7-treated RDEB skin grafts exhibit good dermal-epidermal adherence and have C7 and anchoring fibrils (AFs) restored at their DEJ. In contrast, VE-treated RDEB grafts have no C7 or anchoring fibrils (typical features of RDEB skin) and continue to exhibit poor epidermal-dermal adherence. [Lower right: Immunogold labeling (arrows to Anchoring Fibrils]




Rheumatoid Arthritis (RA)

 Causes pain, swelling, o Affects approximately
stiffness, and loss of joint 1.5 million adults in
function the United States

e Occurs when the immune
system attacks the
synovial membrane that
lines the joint

— Inflamed synovium invades

and destroys cartilage and
bone within a joint

— Muscles, ligaments, and
tendons that stabilize the
joint weaken
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Gut Microbiome Implicated in RA

Relative abundance of gut
microbiota changes with
RA onset.

People who have new-onset RA have
a significant increase in
Prevotellaceae (red) and a
concomitant decrease in
Bacteroidaceae (blue).

O Veillonellaceae

[ Lachnospiraceae

[0 Ruminococcaceae

O Porphyromonadaceae
B Bacteroidaceae

B Prevotellaceae

O other
Scher et al, eLife 2013



Microbiome and Mucosal Inflammation
as Extra-Articular Triggers for RA

» Periodontitis

» P. gingivalis

* Peptidyl arginine
deiminase activity

e Smoking

e Lung disease

e Peptidyl arginine
deiminase activity

Rheumatoid
arthritis

e Gut microbiome
 Antibiotics

Brusca et al, Curr Opin Rheumatol 2014
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Potential sites of microbiome involvement and the related risk factors in the pathogenesis of RA. 
Periodontal disease is linked to increased RA prevalence and disease severity. The oral microbiome, specifically Porphyromonas gingivalis through peptidyl arginine deiminase (PAD) activity, has been implicated. 
The lung mucosa has increased PAD activity and airway inflammation is more prevalent in both seropositive, at-risk individuals [i.e., anti-cyclic citrullinated peptide (CCP) positive] and RA patients. 
An altered gut microbiome has been identified in multiple animal models and in human RA. 


Autoinflammatory Diseases
The Expanding Spectrum

IL-1p activation disorders

Pyogenic arthritis, Neonatal-onset
pyoderma gangrenosum, multisystem
and acne (PAPA)  urczc R “inflammatory

ashestos,

sstos S oy disease (NOMID)

|:I14:IHI::Ei

Familial
Mediterranean
fever (FMF)

Hyperimmuno- |
globulinemia D with ; Deficiency of the
periodic fever <) hews interleukin-1 receptor
syndrome (HIDS) antagonist (DIRA)

Masters et al, Annu Rev Immunol 2009
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Presentation Notes
Budget data for Pathogenesis and Treatment of NOMID, DIRA, and other Autoinflammatory Diseases (ZIAAR041138, Goldbach-Mansky)
Total Costs YTD (FY2003 – FY 2013) = $9,803,000



Meet Alex—
Before and After an NIH Clinical Trial

NOMID patient and clinical trial participant Alex (then and now)
with NIAMS researcher Dr. Goldbach-Mansky
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Presentation Notes
These teams are essential for the success stories that change people’s lives.  For example, Alex (pictured here) recently celebrated his 17th birthday.  

Alex came to the NIH in 2003 at age six to participate in a clinical trial  to test whether a drug called anakinra (Kineret®), which the FDA had approved for rheumatoid arthritis, could help him and other patients. 

Anakinra hadn’t been very effective for rheumatoid arthritis, but Dr. Goldbach-Mansky knew its mechanism should curb the inflammation that was destroying Alex’s body.

Based on Dr. Goldbach-Mansky’s data, the FDA approved the use of anakinra for NOMID. 


Deficiency of the Interleukin-1 Receptor
Antagonist (DIRA)

Inflammatory Skin and
Bone Manifestations in
Patients with DIRA

Aksentijevich et al, N Engl J Med
2009

Jacob Whelan (center) with his parents,
and Raphaela Goldbach-Mansky, M.D.
who, along with her team at NIAMS,
discovered DIRA, for which Jacob has
been undergoing treatment.
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Left figure:�
The skin manifestations range 
From groupings of small pustules (Panel A) 
To a generalized pustulosis (Panel B). 

The bone manifestations include 
Epiphyseal ballooning of multiple distal and proximal long bones, in the single patient from Puerto Rico (Panel C),
The more typical radiographic manifestations included widening of multiple ribs (with affected ribs indicated with asterisks) and the clavicle (arrows) (Panel D), 
Heterotopic ossification or periosteal cloaking of the proximal femoral metaphysis (arrows) and periosteal elevation of the diaphysis (Panel E, arrowheads), and 
An osteolytic lesion with a sclerotic rim (Panel F, arrow).
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Jak Inhibitors — an 18-year Journey from
Bench to Bedside

e 1994: Cloning of JAK3 and
X-SCID identification as a mediator
of IL-2 signaling

| e 1995: Discovery of Jak3
'scip mutations in SCID

NIAMS Scientific Director
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JAK3 functions in signal transduction and interacts with members of the STAT (signal transduction and activators of transcription) family. 

JAK3 is predominantly expressed in immune cells.

Mutations in the common gamma chain (γc) result in X-linked severe combined immunodeficiency (X-SCID). Since γc specifically associates with JAK3, mutations in JAK3 also result in SCID.


Type I/ll cytokines signal via
Janus kinases and STATSs

o« ~200 “cytokines” in the
human genome

« ~60 signal via Jak-Stat
pathway

 Diverse roles in cell growth,
differentiation, host defense
and inflammation

 Four Jaks: Jakl, Jak2, Tyk2
— broad functions

e Function of Jak3?
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Presentation Notes
JAK3 is activated by cytokines whose receptors contain the common gamma chain (γc) subunit: IL-2, IL-4, IL-7, IL-9, IL-15 and IL-21. 

Cytokine binding induces the association of separate cytokine receptor subunits and the activation of the receptor-associated JAKs. In the absence of cytokine, JAKs lack protein tyrosine kinase activity. 

Once activated, the JAKs create docking sites for the STAT transcription factors by phosphorylation of specific tyrosine residues on the cytokine receptor subunits. 

After undergoing JAK-mediated phosphorylation, the STAT transcription factors dimerize, translocate to the nucleus, bind DNA at specific elements and induce expression of specific genes. 

Cytokine receptors selectively activate particular JAK-STAT pathways to induce transcription of different genes. 

    IL-2 - T cell proliferation and maintenance of peripheral tolerance
    IL-4 - differentiation of Th2 cells
    IL-7 - thymocyte development in the thymus
    IL-9 - survival signal for various hematopoietic cells
    IL-15 - NK cell development
    IL-21 - regulation of immunoglobulin class switching in B cells



Jak Inhibitors — an 18-year Journey from
Bench to Bedside

IL-2,4,7,9, 15, 21
1994: Cloning of JAK3 and identification as a IL7R- X-SCID
mediator of IL-2 signaling SCID .
1995: Discovery of Jak3 mutations in SCID _'
1995-2000: Development of small molecule JAK3 —
inhibitors (NIH-Pfizer) ak
2005: Demonstration that lead compound (CP-
690,550) prevents allograft rejection Jak3-
2008: Efficacy of CP-690,550 in animal models of RA SCID

2008-2011: Phase I/l clinical trials of CP-690,550/
Tofacitinib in Rheumatoid Arthritis: Efficacy
comparable to TNF inhibitors, slows erosions

2012: At least 7 JAK inhibitors in trials, FDA
approved JAK1/2 inhibitor for myelodysplastic
syndrome (ruxolitinib)

May 9, 2012: FDA advisory panel recommends
approval of tofacitinib for treatment of RA

NIAMS Scientific Director
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Key points …

Arthritis and Musculoskeletal and Skin Diseases
Chronic, Costly, and (in aggregate) Common 
Across the life-span (infants, children, teens and adults)

Power of Partnerships
Public-Private
Interagency
Trans-NIH
Multi-center clinical studies
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