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• 27 centers – 25 activated 

• 23 USA (14/25 StrokeNet sites) 
• 4 Canada 

• Looking for 8-10 additional sites 
 
 

 
• Beth Israel Deaconess Medical 

Center, Boston, MA 
 

• Data Coordination Unit, 
Department of Public Health 
Sciences, College of Medicine, 
Medical University of South 
Carolina 
 

• Sponsor: NINDS (U01NS074425) 
 

•  “NIH StrokeNet”  
 
 
 

 



 
 

 

 



Upregulation of Iron Handling Proteins in The Brain After ICH  

Iron histochemistry  in the contralateral  
  (B, E, H) and the ipsilateral basal ganglia  
(C, F, I) at day 1 (A, B, C), day 3 (D, E, F)  
and day 28 (G, H, I) after ICH (A, D, G).  
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DFO attenuates brain 
 edema after ICH  

DFO prevents DNA  
oxidative damage (the  
reduction in APERef-1  

repair) after ICH 

DFO reduces  
neurological deficits  

after ICH  



DFO reduces reddish zone  
around hematoma at day 3 and 7 

Ferritin positive cells were  less  
in DFO-treated animals at day 3 
and 7 

DFO reduced Fluoro-Jade C + 
cells in the perihematomal area  & 
Reduced Luxol fast blue-stained  
white matter in the ipsilateral  
hemisphere at day 7    



Iron-mediated Neurotoxicity 

 Haber-Weiss (Fenton) reaction  hydroxyl radical formation, 
oxidative stress & cell death 
  
   Fe+++ + oO2

− → Fe++ + O2  
  Fe++ + H2O2 → Fe+++ + OH− + oOH  
 oO2- + H2O2 → oOH + HO- + O2  
 
 

 Activation of lipid peroxidation 
 Inhibition of Na+/K+ ATPase activity 
 Exacerbation of excitotoxicity 



Deferoxamine Mesylate 

 
 Chelates iron from ferritin and forms a stable complex that prevents iron from 

entering into further chemical reactions 
 

 The iron chelate-complex (ferrioxamine) is primarily excreted by the kidneys 
 

 Serum protein binding rate < 10% 
 

 Volume of distribution = 0.8 – 1.35 L/kg 
 

 Molecular weight = 561 (657 as mesylate) 
 

 
 
 
 
 
 
 
 
 
 
 
 



 
 

 

Deferoxamine – BBB – Neuronal Uptake 

 DFO brain levels between 100 & 200 ųM/L peaked within 60 minutes 
after SC injection of 100 mg/kg and exceeded serum levels in rat 
models of ischemic stroke 
 

 Radioactivity was highest in the brain & bile of dogs injected with 
tritrium-labeled DFO 
 

 In vivo microdialysis probes in blood & brain show that DFO can 
diffuse into the brain down a concentration gradient after IV infusion 
 

 Intraperitoneal DFO decreases CSF iron levels and ferritin-labeled cells 
in the brain in ICH animal models   

  
 



 Decreases free iron’s availability for the production of hydroxyl radicals 
 Prevents apoptosis induced by glutathione depletion & oxidative stress 
 
 Activates a signal transduction pathway leading to activation of transcription 

factor 1.cAMP response element-binding protein (ATF-1/CREB) and 
expression of genes known to compensate for oxidative stress 

 Induces HIF1-α and inhibits hypoxia inducible factor prolyl hydroxylases 
 

 Induces transcription of heme oxygenase-1, which catalyzes the degradation 
of heme to biliverdin and carbon monoxide 

 Has anti-inflammatory effects by stimulating cyclo-oxygenase, and reducing 
gene expression of VCAM-1, ICAM-1, MCP-1, TNFα, and IL-6 

  
 Inhibits glutamate excitotoxicity  
 Exerts anti-autophagocytosis effects in animal models of ICH 
 Has BP lowering effects (α-adrenergic blockade via mesylate) 

Deferoxamine Mesylate: Neuroprotective Effects 



DFO in ICH 

 
 

Phase I, Feasibility, Safety, and Dose 
Finding Study  

 
 
 

R01-NS 057127  
 





 
A total of 20 subjects were enrolled into 6 cohorts 

 
 7 mg/kg/day x 3 days  

N  =4 
32 mg/kg 

N  =3 
47 mg/kg 

N  =3 

57 mg/kg 
N  =4 

62 mg/kg 
N  =6 

 



Effective dose in animal models 



Effective HED = 16-32 mg/kg/day  

 
100 mg/kg in rats = 100 

x 0.16 = 16 mg/kg in 
humans 
 

200 mg/kg in rats = 200 
x 0.16 = 32 mg/kg in 
humans 



What is the optimal duration of treatment? 



Is there supportive evidence that 
Deferoxamine is of sufficient promise to 

improve outcome prior to embarking on a 
large-scale phase III study of DFO  
as a treatment for ICH patients? 



Futility Study of Deferoxamine 
Mesylate in Intracerebral 

Hemorrhage 

A prospective, multi-center, randomized, double-blind, placebo-controlled,  
Futility design study 

 
NINDS (U01-NS074425) 

 





 
1. To assess whether it is futile to move deferoxamine 

forward as a therapeutic intervention for ICH into 
Phase III evaluation by comparing the outcome of 
deferoxamine-treated subjects to placebo-treated 
subjects with respect to good outcome (defined as 
mRS score of 0-2 at 90 days) in a futility analysis 
 

2. To assess the safety of deferoxamine infusions (at a 
dose of 62 mg/kg/day, up to a maximum dose of 
6000 mg/day), given for 5 consecutive days, in a 
large cohort of ICH patients 
 

 



 
 
 
 

 

 
1. To explore the differences between early 

(≤12h) and late (>12h-to-24h) time windows in 
deferoxamine treatment effect on functional 
outcome 
 

2. To perform a dichotomized analysis 
considering the proportion of deferoxamine- 
and placebo-treated subjects with mRS score of 
0-3  

  
 

 



 

 
1. To determine the overall distribution of scores on mRS and mortality at 3 months in DFO-treated 

subjects 
 

2. To obtain data on MoCA & SIS-16 scores at 3 months, and the change in NIHSS between presentation 
and day-90 to explore the effects of treatment on neurological, functional, and cognitive functions 
 

3. To explore the effects of treatment on relative PHE volume progression as a potential marker of 
DFO’s biological activity on brain tissue 
 

4. To explore the effects of DFO on the size of ventricular enlargement in patients with intraventricular 
extension of ICH 
 

5. To explore the effects of DFO on the incidence of symptomatic cerebral edema up to day-7 or 
discharge (whichever is earlier) 
 

6. To explore whether the effect of DFO on outcome is dependent on the initial ICH volume to 
determine if specific limits for ICH volume should be specified as inclusion/exclusion criteria in 
future studies 

 



 
Prospective, multi-center, double-blind, randomized, 

placebo-controlled clinical trial 
 

Total sample size = 324 patients with spontaneous ICH 
 
Study Drugs: 
 Active: DFO (62 mg/kg/day, up to a maximum of 6000 mg/day) 
 Placebo: Matching normal saline 
 Given by continuous IV infusion for 5 consecutive days 
 Initiated within 24h of ICH symptom onset 

 
 

 
 
 

 



Randomization:  
 1:1 (targeted n=162 active drug & 162 placebo) 
 Control for baseline ICH score (0-2 vs. 3-5); ICH onset-to-treatment time 

(≤12h vs. >12-24h); and concurrent use of anticoagulants at ICH onset 
 

N=324  

OTT ≤12h  OTT >12h  

DFO  
~ 81 

 
Placebo  

~ 81 
 

 
DFO  
~ 81 

 

Placebo  
~ 81 



 
Funding began in 

September 2012 
 

42 Subjects enrolled 
 16 sites 
 First: March 18, 2013 
 Last: October 15, 2013 
 Enrollment suspended on 

October 18, 2013 

 
 

 Mean age = 62.5 + 11.1 years 
 Median = 64 
 Range = 35 – 77 
 16 women – 26 men 
 

 Mean hematoma volume (ABC/2 method) = 25.78 + 
26.3 cm3 
 Median = 15.6 
 Range = 0.7 – 103 

 
 Mean baseline GCS score = 13 + 2.2 

 Median = 14 
 Range = 9 -15 

 
 IVH present in 33.3% 



 
  5 cases of ARDS 
 3 unrelated 
 2 possibly related 

  
Deaths = 3 (7%) 
 All had ARDS 
 1 due to neurological deterioration  
 2 due to ARDS and multi-system failure 

 
  





Other Respiratory Complications 

Pulmonary edema in 5 
patients (2 ARDS; 1 fluid 
overload) 
 

Respiratory failure in 3 
patients 
 

Respiratory failure in 2 
patients in phase I 

2 cases 
possible/probable ARDS  
 
 
 
 
 

1 case was ARDS 



Almost 



Status Update 

DSMB terminated enrollment into HI-DEF on 
February 12, 2014 
 Imbalance in the frequency of ARDS cases between the 

deferoxamine- and placebo-treated groups 
 No other safety concerns 

 

Protocol amended and approved by DSMB on May 
14, 2014  iDEF….. 

 





 Same objectives 
 Lower dose (32 mg/kg/day) – shorter duration (3 days) 
 More restrictive exclusion criteria to exclude patients at high risk for 

developing ARDS 
 More oversight of respiratory complications 
 Standardized ventilator management (ARDSNet) and definition for 

ARDS (Berlin criteria) 
 Stopping rule 
 Improved randomization process 
 Extended follow-up to 6 months instead of 3 
 Sample size = 294 



Randomization:  
 1:1 (targeted n=147 active drug & 147 placebo) 
 Control for baseline ICH score; ICH onset-to-treatment time; baseline ICH 

volume; baseline NIHSS; and concurrent use of anticoagulants at ICH onset 
 

N=294  

OTT ≤12h  OTT >12h  

DFO  
~ 73 

 
Placebo  

~ 73 
 

 
DFO  
~ 73 

 

Placebo  
~ 73 



 
1. Age ≥ 18 and ≤ 80 years 

 
2. The diagnosis of ICH is confirmed by brain CT scan 

 
3. NIHSS score ≥6 and GCS >6 upon presentation 

 
4. The first dose of the study drug can be administered within 24h of 

ICH symptom onset 
 

5. Functional independence prior to ICH, defined as pre-ICH mRS ≤1 
 

6. Signed and dated informed consent is obtained   
 



 

Known severe iron deficiency anemia (defined as hemoglobin concentration  
   <7g/dL or requiring blood transfusions) 
Pre-existing disability, defined as pre-ICH mRS score ≥2 
Taking iron supplements containing ≥ 325 mg of ferrous iron, or  
   prochlorperazine (compazine) 
Known pregnancy, or positive pregnancy test, or breastfeeding 
Indication that a new DNR or Comfort Measures Only (CMO) order will be  
   implemented within the first 72 hours of hospitalization 
Abnormal renal function, defined as serum creatinine >2mg/dL 
Coagulopathy 

 Elevated aPTT or INR >1.3 upon presentation 
 Concurrent use of direct thrombin inhibitors (such as dabigatran), direct factor Xa 

inhibitors (such as rivaroxaban or apixaban), or low-molecular-weight heparin 
  



 
 

 Irreversibly impaired brainstem function (bilateral fixed and dilated pupils  
     and extensor motor posturing) 
 
 Complete unconsciousness, defined as a score of 3 on item 1a of the NIHSS  
     (Responds only with reflex motor or autonomic effects or totally  
     unresponsive, and flaccid) 
 
 Planned surgical evacuation of ICH prior to administration of study drug  
     (placement of EVD is not an exclusion criterion) 
 
 Suspected secondary ICH 

 
 Infratentorial hemorrhage 

 
 Alcohol or drug use 
 Patients with heart failure taking > 500 mg of vitamin C daily 

 Known severe hearing loss 
 
 



 
 

 Patients with confirmed aspiration, 
pneumonia, or evident bilateral 
pulmonary infiltrates on chest x-ray or  

    CT scan prior to enrollment 
 

 Patients with significant respiratory 
disease such as chronic obstructive 
pulmonary disease, pulmonary fibrosis,  

    or any use (chronic or intermittent) of   
    inhaled O2 at home 

 

 FiO2 >0.35 (>4 L/min) prior to 
enrollment 
 

 Shock (SBP <90 mmHg) at presentation  

 



 

 Sepsis (present source of infection ± 
lactic acidosis) or Systemic Inflammatory 
Response Syndrome (Temp >100.4F or 
<96.8F; Heart rate >90; Respiratory rate 
>20 or PaCo2 <32 mmHg; WBC >12, <4, 
or bands >10%) 

 The presence of 4 or more of the 
following risk modifiers for ARDS prior 
to enrollment: 
 Tachypnea (respiratory rate >30) 
 SpO2 <95% 
 Obesity (BMI >30) 
 Acidosis (pH <7.35) 
 Serum albumin <3.5 g/dL 
 Concurrent use of chemotherapy 

 



Schedule of Assessments 

Screening Randomization/ 
Baseline 

Day  
30 

Day 
1 

Day7  
D/C 

Day 
2 

Day 
3 

Day 
60 

Day  
90 

Day 
180 

 CT 
 CXR 
 Inclusion 
 Exclusion 

 ICH score 
 NIHSS 
 ICH volume 
 GCS 

 GCS/NIHSS  
 Visual auditory 

assessment  
 AEs 
 I/O 

24h post 
infusion 

 CT 
 GCS 
 NIHS 
 VAA 
 Labs 

GCS ≤ 6 
Fixed & dilated pupils 

 SAEs 
 mRS 
 SIS-16 
 MoCA 
 Visual & auditory assessment  



 
 
 

 The drug is supplied in vials containing 
2 g of sterile, lyophilized, powdered 
deferoxamine mesylate 
 

 Dissolved in 20 ml of sterile water and 
added to normal saline (0.9% sodium 
chloride) in an IV bag to achieve a final 
concentration of 7.5 mg per ml for IV 
administration.  

 
 The infusion rate ~ 7.5 mg/kg/hour  

 
 Maintain a dedicated line/port for the 

study drug infusion 
 
 
 
 

The drug is 
administered 
via a central 
line or IV 
cannula, 
inserted into 
an antecubital 
vein  
 
 

 



Monitoring During The Infusion Period 

 
 Initial 30 minutes: 
 Allergic/anaphylactic reaction 
 Symptomatic bradycardia or 

hypotension  
 

 Every 4 hours: 
 Vital signs 
 Neurological status 

 NIHSS 
 GCS 

 
 Every Day 
 I/Os 

 NIHSS 
 GCS 
 Visual & auditory assessment 

 
 In intubated patients 
 PaO2/FiO2 ratio 
 Plateau and peak pressures 
 CXR is required if the 

PaO2/FiO2 ratio is <300  

 



 

 
 Visual loss or field cut 

 
 Cataract 

 
 Color blindness (Ishihara) 

 
 Tinnitus 

 
Hearing loss 

 



 



 
Stroke 2010;41:1048-1050 



 



The primary efficacy outcome measure is mRS, 
dichotomized to define good functional outcome as 
mRS score of 0-2 at 90 days 
 The futility hypothesis specifies that if the difference in good outcome 

proportions is less than 12% in favor of deferoxamine, then it would be futile 
to move deferoxamine forward to Phase III evaluation.   
 

A dichotomized analysis considering the proportion of 
deferoxamine- and placebo-treated subjects with mRS 
score of 0-3 will also be performed 
 The trial is adequately powered to assess the futility hypothesis using mRS 0-3 

as the outcome based on a difference in treatment effect ≤ 13% in favor of 
deferoxamine  

 
 

 



 

Ordinal analysis across all mRS scores 
 

The magnitude of the treatment effect, and 
corresponding confidence interval, will be estimated 
for each time window (≤12h vs. >12-24h) 

 
Similar analyses at 180 days 



THE FUTILITY ANALYSIS 

 
The primary futility hypothesis, H0: (πDFO-πplacebo) ≥0.12, will be 
tested at one-sided alpha (the probability that an effective intervention will 
be called ineffective, or futile) 0.10  
 
The futility analysis will be conducted using a one-sided 90% upper 
confidence bound on the risk difference 
 
To declare futility, the entire interval must lie below the value 0.12, 
indicating that the true difference in risk of good outcome is less than 0.12 
with 90% confidence 



 
 All AEs will be assessed until day-7 or discharge (whichever is 

earlier) 
 
 New SAEs* until day-90 or resolution 

 
 Continuing SAEs and mortality until day-180 

 
 Adverse events of special interest (until day-7 or discharge) 

 Anaphylaxis during study drug infusion 
 Unexplained decrease in BP requiring medical intervention during infusions 
 New & unexplained visual or auditory changes after initiation of infusions 
 Respiratory compromise of any cause* 
 

 
* Requires reporting within 24h 



 

Recruitment will be stopped if the difference in the number of confirmed 
ARDS cases between the groups is 
o 5 at any time during the recruitment of the first 40 subjects 

 
o 10 at any time during the recruitment of subjects 41-80 

 
o 12 at any time during the recruitment of patients 81-120 

 
o or if the difference in the number of confirmed ARDS cases between the groups 

is statistically significant after 40, 80, or 120 subjects have completed the in-
hospital phase based on a Pocock-adjusted, one-sided, 0.05 alpha level.  





 
 

 There are few restrictions on the 
use of concomitant medications 
during the study: 
 The use of prochloroperazine 

(compazine), is not allowed before 
treatment, during treatment, or up 
to 72 hours after the last dose of the 
study drug 

 Concurrent use of other 
experimental therapy is not allowed 

 Vitamin C supplements will not be 
allowed in patients with heart 
failure during treatment with DFO  

 The established criteria for pre-
mature discontinuation of the study 
drug are: 
 Severe allergic reaction or anaphylaxis 

 
 Worsening of renal function tests 

(creatinine >2 mg/dl) 
 

 ARDS 
 

 If the investigator feels that continued 
administration of the drug poses harm 
to the patient’s medical condition  
 

 If the patient or his proxy voluntarily 
withdraws consent 
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