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Disclosures 
•  No financial disclosures. 
•  I will be discussing off-label use of GM-CSF as an 

immunomodulator.  
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Trauma survivors need an immune system. 
•  Contamination   

o  Perforated viscus 
o  Grossly contaminated         

 wounds 
o  Foreign bodies 
o  Non-sterile resuscitation          

conditions 
o  Donkey shit….. 

•  Prevention of secondary infection 
•  Wound healing and tissue        

 remodeling 

≥ 20% incidence? 
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•  211 patients evacuated to the USNS Comfort during a three 
month period in 2003.  

•  56 (27%) developed post-injury infection 
•  Infections: 

o  Wound 84% 
o  Bloodstream 38% 
o  Acinetobacter, E. Coli, Pseudomonas most common bacteria 
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•  ICD-9 based query of the Joint Theater Trauma Registry  
o  Records for combat injuries from 3/2003 – 4/2009 
o  16,742 injuries reviewed 

•  Infection was documented in 921 patients (~6%). 
•  Higher ISS and head injury were risk factors. 
•  Likely underestimates the true incidence of infection due to 

problems inherent in the administrative database. 
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Is the immune system to blame? 
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Trauma and inflammation 
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     The Cast of Characters – Innate immunity 

•   Includes PMNs, monocytes, macrophages, dendritic cells, NK cells 
•   First line of cellular defense 
•  Recognize broad classes of pathogens/molecules via cell-surface         

 receptors (eg TLRs, FcR) 
•  Pathogen-associated molecular patterns (e.g. LPS) 
•  Damage-associated molecular patterns (e.g. HMGB1, mtDNA) 

•  Phagocytosis, intracellular killing, antigen presentation, cytokine 
 production   

Neutrophil Monocyte 
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•   Include T and B lymphocytes 
•    Typically require antigen presentation   
•    Perpetuate and modulate the immune response 
•    Response is highly antigen-specific, memory 
•    Cytokines and chemokines (helper T cells), cellular killing 

 (cytotoxic T cells), Antibody (B cells) 

     The Cast of Characters – Adaptive immunity 

Lymphocyte 
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Pro-inflammatory 
TNFα 
IL-1β 
IL-6   
IL-8 
IL-17 
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IL-2 

Anti-inflammatory 
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MDP PG 

Cytokines 
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Anti-inflammatory 
IL-10 
TGFβ 
IL-11 
sTNF receptor 
IL-1ra 
IL-4 

Cytokines 
•  Concurrently high systemic levels of 

anti-inflammatory mediators have 
also been associated with adverse 
outcomes: 
o  IL-10 (pediatric) Doughty, 1996 
o  IL-10 (adult) Kellum, 2007 
o  IL-10 (pediatric ) Hall, 2007 
o  IL-10, IL-1ra (pediatric) Hall 2013 

??? 
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•  Serial genomic (mRNA) evaluation of PRBC from 167 adult trauma 
patients with shock. 
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Innate signaling 
•  Longitudinal transcriptome measurement suggested: 

o  Persistent up-regulation of pro- and anti-inflammatory innate immune 
gene expression 

o  Persistent down-regulation of adaptive immune gene expression 

Xiao, JEM, 2011 
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Trauma and inflammation 

•  Early inflammation predicts post-
traumatic MODS. (n=79) 

           Cuschieri et al, Shock, 2011 
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•  22 subject cohort of previously healthy blunt trauma patients with 
traumatic pre-hospital hypotension + 28 normotensive age- and ISS-
matched trauma patients (controls). 

•  Pre-hospital hypotension was associated with marked elevations in 
pro- and anti-inflammatory mediators.  

•  Patients with pre-hospital hypotension had more organ failure and 
longer ICU stays.  
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•  Clinical data + samples on 472 adults with blunt trauma 
o  127 (27%) developed nosocomial infection  

•  44 subject cohort of those who went on to develop 
nosocomial infection + 44 age- and ISS-matched trauma 
patients who did not develop infection (controls). 
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Summary thus far….. 

What about function? 
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TNFα 

TNFα 
4.  Extracellular TNFα production 

3.  Antigen presentation 
             (HLA-DR) 

2.  Intracellular killing 

1.  Phagocytosis 

Healthy 
monocyte 
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TNFα 

TNFα 

4. ↓Extracellular TNFα production 

3. ↓Antigen presentation 
   (HLA-DR < 30%) 

2. ↓Intracellular killing 

1.  ↓Phagocytosis 

Immunoparalyzed 
monocyte 
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                4. ↓Extracellular TNFα production 
 (ex vivo LPS-induced TNFα production capacity) 

3. ↓Antigen presentation 
     

2. ↓Intracellular killing 

1.  ↓Phagocytosis 

Immunoparalyzed 
monocyte 
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•  The trauma community was 
among the first to recognize 
this. 

•  20 patient cohort of critically 
injured (Mean ISS = 36) 
presumably 
immunocompetent adults. 
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•  105 acutely critically injured 
adults  

o  Median ISS: 39 

•  35% incidence of post-traumatic 
sepsis 
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n=19, 6 deaths 
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•  76 Critically injured children underwent prospective, longitudinal innate 
immune function testing.  16 (21%) developed nosocomial infection.  
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•  76 Critically injured children underwent prospective, longitudinal innate 
immune function testing.  16 (21%) developed nosocomial infection.  
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Infections occurred a 
median of 5 days after 

injury (range 3 – 13 days) 
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Does innate immune dysfunction 
represent a modifiable risk factor 

for adverse trauma outcomes?  



………………..…………………………………………………………………………………………………………………………………….. 

GM-CSF  
•  Granulocyte-macrophage colony stimulating factor  

– FDA approved for adults and children in 1991 for 
the reconstitution of bone marrow after BMT and/
or chemo for certain leukemias. 

– Side effect profile very favorable.  
– Given subcutaneously or IV 
– Known to increase immune cell numbers but also 

will increase function of existing cells. 
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•  Critical injury-induced 
suppression of the immune 
response can be reversed ex 
vivo through pretreatment 
of the immune cells with 
GM-CSF prior to 
stimulation.   
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There were no nosocomial 
infections in the GM-CSF treated 
group.  All patients in the standard 
therapy group developed 
secondary infection.  

2011 
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GM-CSF for Immunomodulation Following 
Trauma (GIFT) Study 

 R01GM094203  UG1HD083170 
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GIFT Study  

•  Multi-center clinical trial of GM-CSF for reversal of trauma-
induced immune suppression in children. 

•  Same day immune testing on post-trauma day 1, 2, and 3.                 
Only subjects with low immune function will get drug. 

•  Goals:  Improve immune function, reduce infection risk 
•  Establish lowest dose of GM-CSF that can safely and 

effectively improve immune function in this setting. 
•  Later:  Randomized controlled trial 
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Immune Surveillance Laboratory 
•  High-throughput translational immunobiology laboratory. 

o  Highly standardized multi-center immune function testing 
§  Ex vivo stimulation studies 
§  Multi-center flow cytometry 
§  Biomarker/plasma protein analysis 
§  PCR 

•  We produce, quality control, and ship immune testing kits to 
centers across North America. 
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GM-CSF  
•  What we don’t know: 

o  What dose of GM-CSF is sufficient to improve immune 
function over critical threshold? 
§  Dose-finding for this purpose has never been done. 

o  What are the influence of pubertal development and severe 
TBI (both of which could be expected to be important) on 
GM-CSF responsiveness?  
§  This is completely unknown. 

These data are necessary to inform the design 
of a subsequent RCT.  
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Study Design 
•  Dose-finding (dose-escalation) study to identify the lowest 

immunostimulatory,  tolerable dose (LITD). 

•  LITD:  Restoration of immune function to levels not considered 
to be risk factors for secondary infection by the end of 
treatment (the morning after the 3rd dose) and persisting 
through post-trauma day 7. 

o  Ex vivo TNFα production capacity > 600 pg/ml  (normal 1000) 
o  Monocyte HLA-DR expression > 8000 mol/cell (normal > 8000) 

•  Why the focus on the first week?   
•  Observational study:  Infections occurred a median of 5 (4 – 8) days 

after injury. 
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•  Starting with ⅛ of the FDA-approved dose. 
•  Escalating through ¼ or ½ of the FDA-approved dose in 

subsequent cohorts if needed. 
•  4 strata based on Tanner stage and severe TBI status 

GIFT Study 
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GIFT Study 
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Future of front line immune care? 
•  Reversal of shock in the field 

o  Saves lives 
o  Saves organ function 
o  Saves immune function??? 

•  Early (even empiric?) treatment for high risk groups 
o  Severe TBI:  Nearly all GIFT subjects with severe TBI have 

developed severe immune suppression.  
o  GM-CSF can be given subcutaneously and comes lyophylized. 

•  Move immune function testing from regional medical centers 
to field hospitals and beyond?  Point of care?  
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Summary 
•  Trauma is indeed pro-inflammatory, but….. 
•  A compensatory anti-inflammatory response often follows that is, 

when severe, associated with increased infection risk. 
•  This can be quantified in the laboratory: 

•  Monocyte HLA-DR expression (innate) 
•  Ex vivo stimulated TNFα production capacity (innate) 

•  We need to learn what causes “immunoparalysis” 
•  Strategies exist that can allow for modification of immune 

function to  promote a balanced immune response 
•  Shock reversal 
•  Patient-specific immune monitoring 
•  Targeted immunostimulation  
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Questions? 


