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Inter-service collaboration

e Clinical Centers
— NNMC - Biomarkers pilot underway (n = 48)
— NNMC/WRAMC - Orthopaedic predictors (n = 52)
— WRAMC - ESWT trial underway (n = 40)
— NNMC — Prospective biomarker (start October)
— BAMC - future ESWT site
— University of Maryland — future biomarker site

— Johns Hopkins Wound Center — future biomarker and
EWST site

 Research Labs
— NMRC — Central Player
— AFIP/WRAIR — Microbiology support
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“Following massive injury,
physiological responses that were appropriate when
applied locally become inappropriate and beyond

regulation when systemically activated.”
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When are wounds ‘ready’ to heal?

This wound healed This wound dehisced
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Wound Healing Biomarkers

Serum:
«Cytokines
Chemokines

Tissue biopsy:
*\Wound healing
associated genes
*Quantitative
bacteriology

Wound effluent:
*Cytokines
Chemokines

« Quantitative
bacteriology




Inflammatory Biomarkers in Combat
\Wound Healing
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Hawksworth, Stojadinovic et al, Annals of Surgery, 2009




Probabilistic (Bayesian) Model

EE  Decreased Expression
Bl Increased Expression

Wound Outcome
Normal Healing 85%
Impaired Healing 14%

Comommnrs | .
1 Serum MCP-1
L - Debridement 2

Serum IP-10 Serum MCP-1
Debridement 1 Closure

Normal
lue Predictive Value

Network

a| eave-one-out method




rospective Biomarker

Adult patient with extremity
trauma admitted to NMMC

INCLUSION CRITERIA MET? EXCLUSION CRITERIA MET?

1ISS=29 History of:
AND Coronary Artery Disease

Wound size = 75 cm? ) Diabetes Mellitu_s
AND Peripheral vascular disease

Treatable with wound VAC device ] Ag_e >80 '
connective tissue disorders
AND immunosuppression
without visceral communication Currently pregnant

Informed
consent
obtained?

RANDOMIZE

Experimental
Arm
n=40

Wounds Wounds
closed closed
according to according to
surgeon predictive

discretion assay




Potential Cost Savings
Wound Biomarkers

The average cost per wound (I1&D) = $1,643
2007- 500 visits to the operating room for I&D
Approximately 3.5 |I&Ds per patient

Annual cost for I1&Ds alone was at least $821,500

Reduce the average number of 1&Ds to 2.5 = total
savings for 1&D costs per year of $234,949

Reduce the mean LOS from 22 days to 18 days =
additional $1,944,800

Total yearly cost savings = $2,179,749.
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Which wounds develop HO?

This wound developed HO Same patient — No HO




HO Clinical Characteristics

Characteristic

Patient age (continuous variable)

Age: <30 vs. = 30 years (OR for < 30 years)
Injury Severity Score (continuous variable)

ISS: <16 vs. = 16 (OR for ISS = 16)

Multiple affected limbs (OR for multiple affected)
Location (OR for residual limb)

Mechanism of injury

Blast and ISS = 16

TBI and ISS = 16

Blast and TBI

P Value

0.01*
0.007*
<0.001*
0.02%
0.002*
0.048*
0.25
0.26
0.69

Chi Odds
Square Ratio
6.4 N/A
7.4
13.9
54
10.1
6.1

Forsberg et al JBJS 2009




ROC Curves

Serum Biomarkers Effluent Biomarkers

—IL6 — MIP 1a
—MCP 1 : IP 10
—IL 10 ___Reference
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Biomarker Area Under Curve 95% CI P Value

Serum IL-6 0.801 0.728 S0.873 <0.001
Serum MCP-1 0.722 0.638 S 0.806 <0.001
Effluent MIP-1c 0.681 0.581 $0.782 0.001
Effluent IP-10* 0.671 0.567 S0.774 0.002

Serum IL-10 0.625 0.531 50.719 0.016

*|P-10 predictive of not developing HO Evans, Brown et al, JBJS In press



HO and Inflammation
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Blood Transfusion Requirement Is
Assoclated with Systemic Response

« Study cohort
Mean age of 22 + 1,
Mean ISS of 15.8 + 2.8,
Mean Glasgow Coma Score
GCS of 13.8 £0.6
— Penetrating injuries (90% IED and10% GSW).

* Group of serum cytokines whose elevation was
associated with increased blood product
utilization

Dunne, Hawksworth et al J of Trauma 2009




Cytokines and Blood Transfusion

Palrwise
Correlation

IL-10 0.94
IL-8 0.90
|IP-10 0.67

Cytokine

IL-6 0.61
IL-12p40 0.47
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Systemic Response to Wound

Colonization
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Bayesian Belief Network Model

Clinical Outcomes in War Wounded

Outcomes: Variables:

Infection ISS/APACHE

Length of ICU stay Serum Albumin / Serum cytokines
Impaired wound healing Transfusion requirement

Qpaired wiound healing caD
HLOS =
L3

Apache

» -6 S




Probabilistic Model ICU LOS

# Model Analysis — —

ICULOS: Al curves | w

|L sensitivity

/ T
= (-inf,0.0] AUC = 0.576
(0.0,4.0] AUC = 0.795

(4.0, +inf) AUC = 0.901
\;\/

0.4 0 0 0 0.8 0.9 1.0

1-specificity

ackual y Pr... | (-inf,0.0] (4.0, +inf) Carreck : PPY Incarreck

Thresholds 0,3333 0.3333
{-inf,0.0] 14 2 0.2222
0.0,4.0] 4 0.7500
4,0, -HnF) 1 0,3333
Correck : PPY | 14
Incarreck =

Select # of records _|32:1.000
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Systemic Immunomodulation

Lymphocyte depletional or sequestration agents given at
the time of severe hemorrhage will attenuate innate
iImmune molecular and cellular activation following

ischemia and reperfusion
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FTY720 - Novartis Thymoglobulin - Genzyme




Porcine Shock Model

PATG Infusions Uncontrolled Pre-Hospital Hospital Care
Hemorrhage Phase

-96 -72 -48 -24 0] Ya 1 72 hrs

AT |

Abdominal Euthanasia/
Packing Necropsy

PATG FTY720
infusions 0.3mg/kg
10mg/kg




Survival

o
T

Immune Modulation Improves
Survival

Overall Survival

L 2 Control (n=9)
B PATG (n=8)
FTY720 (n=9)

I I T T T T T T | I I I I I
10 15 20 25 30 35 40 45 50 55 60 65 70 75
Time (hours)

Reperfusion Survival

p=0.047
L 2 Control (n=8)

B PATG (n=6)
FTY720 (n=8)

Survival

o
T

T I I I T T 1 | I I T 1 | I I T
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Time (hours)

Hawksworth, Grayhbill et al.



Lymphocyte Immunomodulation
Attenuates Innate And Cellular Response

Lung Parenchyma MPO+ Cells
40

35

Neutrophils 0

Hemorrhage Reperfusion = Control
1PATG

FTYT20

Cells/5xHPF

p=0.003 p=0.004

I

Time (hours)

=$=Control =E=-PATG FTY720

Relative Fold Expression
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ESWT Immunomodulates and Increases
Angiogenesis In Small Animals

[lisograft
M Isograft + ESWT

Untreated ESWT-treated

Fold increase in
gene expression

Genes (time post-grafting)

Number CD31* vessels per hpf (400x)

Percent occupied vascular area

Naive Isograft Isograft Naive Isograft Isograft
skin +ESWT skin + ESWT

Relative gene expression
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CXCL1 CxCLz ~ CXCL10  CXCL1t  CXCL13 Stojadinovic, Elster, Angiogenesis 2008
Davis et al Int Wound J 2008




Conclusions

War wound failures, HO, transfusion requirements and
wound infection are all related to systemic inflammatory
dysregulation

These all result in increase resource utilization

Inflammatory biomarkers can be measured in serum and
In wounds and are potentially predictive in acute war
wound healing, wound infection and HO

Modulation of the inflammatory response to injury may
provide novel future therapies
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