
CHAMPS Study Summary
	Title of the Protocol:
  Effectiveness of Hydroxyurea and Magnesium Pidolate Alone and in Combination in Hemoglobin SC Disease:  A Phase II Trial

	CSCC Protocol Number:
December 13, 2007; Version 6.1

	Overview:  Hemoglobin (Hb) SC disease is characterized by dense red blood cells, but treatment approaches aimed at its pathophysiology have been limited in scope.  Furthermore, combination drug therapy in sickle cell disease has not been adequately tested.  We will examine two oral therapies, hydroxyurea and magnesium, given by themselves and in combination and compare them to placebo in a double-blinded Phase II study to determine their efficacy in reducing red cell density in Hemoglobin SC in children and adults.  We will also examine their effects on other red cell characteristics and on the frequency of clinical vaso-occlusive events.  To accomplish this, 188 subjects will be assigned randomly to one of four treatment groups (see below) and followed for one year after beginning treatment.

	CSCC Protocol Chair:  Winfred Wang, MD

	   Intervention: Individuals meeting entry criteria will be randomized to receive either hydroxyurea (20 mg/kg/day), magnesium pidolate (0.6 mEq/kg/day), hydroxyurea (20 mg/kg/day) + magnesium pidolate (0.6 mEq/kg/day), or placebo.

	IND Holder:  National Heart, Lung, and Blood Institutes (NHLBI), # 76,348

	Objectives: 

Primary Objective(s): To compare the effectiveness of hydroxyurea (HU) alone, magnesium pidolate (Mg) alone, and hydroxyurea + Mg in combination, and placebo in reducing the density of HbSC erythrocytes.

Secondary Objective(s): To examine the effect of the individual and combination treatments on:

· hematologic parameters and Hb F levels in HbSC disease;

· other biologic measures of erythrocyte activity and red cell-endothelial interactions in HbSC disease;

· and prevention of vaso-occlusive episodes in HbSC disease.

Additionally, we will examine the safety of HU + Mg in combination.


	Hypotheses/Estimates: We will be testing the null hypothesis of no difference in change-from-baseline percent of RBCs > 41 g/dL after two months of treatment among the four treatment groups using 3 comparisons of active treatment to placebo.  These tests will be performed using an F-test from an analysis of covariance, controlling for baseline percent of RBCs > 41 g/dL.  A test of interaction between the two treatments will be completed as a secondary hypothesis.  This test will be performed using an F-test from a two-way ANCOVA, controlling for baseline percent of RBCs > 41 g/dL.

	Criteria for Evaluation:  

Efficacy:  

Primary Endpoint: The change-from-baseline density of hemoglobin SC red cells (percent of RBCs with density greater than 41 g/dL) measured 2 months after initiation of treatment.

Secondary Endpoint: Change-from-baseline in:

· Standard hematologic parameters [hemoglobin level, mean cell volume (MCV), reticulocyte count, white blood cell count, platelet count, absolute neutrophil count (ANC)].

· Hemoglobin S, C, and F levels.

· Red cell metabolic studies:  K-Cl co-transport activity, Gardos channel activity, Na-Mg exchanger activity, red cell cation content, intracellular Mg.

· Plasma total Mg and ionized Mg (iMg) levels.

· Adhesion studies to laminin, thrombospondin, and endothelial cells; expression of red cell receptors and phosphatidylserine; adhesive response to epinephrine.

Also the frequency of clinical vaso-occlusive events (pain events, acute chest syndrome).

Safety: Adverse events and blood chemistry, hematology, and urinalysis laboratory measurements. 

	  Study Design:  This double-blinded, placebo-controlled phase II multi-center trial will consist of two parts. In Part I, the safety of magnesium and HU will be evaluated (Safety Pilot) in all four treatment arms after 10 subjects per arm have been enrolled and had a minimum of 2 months follow-up time.  If warranted on safety grounds, the second part of the trial will consist of enrolling another 37 subjects per arm, continuing the follow-up of the 40 subjects enrolled in Part I, and comparing the efficacy and safety of the 4 treatment arms. 

	Study Population: Subjects with HbSC disease, 5 years of age and older with at least one vaso-occlusive event (pain, acute chest syndrome) in the previous 12 months.


	Sample Size: 188 subjects will be enrolled into this study.  We assume: 

· a 20% decrease in red cell density due to HU or Mg pidolate therapy; 

· a mean percent of RBCs > 41 g/dL of 7.5% in the placebo/placebo group; 

· an equal standard deviation of 2.12 (corresponding to a correlation of 0.75); 

· a two-sided alpha of 0.0167 (to adjust for 3 multiple comparisons); 

· a positive interaction effect (implying no benefit of combination therapy); 

· and, use of an analysis of covariance to generate our test statistics.
We will need 47 subjects per treatment group to achieve 85% power to detect the 20% difference between each of the treatment groups compared to placebo. 

	Randomization:  Patients will be randomized in a 1:1:1:1 allocation across the four treatment arms using an adaptive randomization procedure, stratified by center and age group (5-15 years old vs. ≥ 16 years old).  This will be performed centrally through the SDMC, using an interactive randomization system.   

	Data Analyses:  

Part I:  The Safety Pilot will be used to evaluate the safety of magnesium after 10 subjects per treatment arm have been enrolled and had a follow-up time of at least 2 months.  This will not be a formal interim analysis, as safety results will be evaluated and no hypothesis will be tested.  Safety endpoints will be summarized by age and treatment groups and analyzed for differences across treatment group using a Fisher’s Exact Test as the data allow.

Part II:  The effect of treatment on the primary outcome of change-from-baseline percent of RBCs > 41 g/dL to the percent at two months will be analyzed using analysis of covariance, controlling for baseline percent of RBCs > 41 g/dL.  As a secondary analysis, a two-way ANCOVA controlling for baseline will be used to test for an interaction between treatments.  Also, as a secondary analysis, the change-from-baseline percent of RBCs > 41 g/dL measured at two, four, six and twelve months will be analyzed using a generalized linear mixed model, with treatment group, time, and baseline percent of RBCs as fixed effects and subject as a random effect.  Secondary laboratory parameters will be analyzed in a similar manner.  Clinical endpoints and adverse events will be summarized by treatment and age group and analyzed for differences across treatment group using a Fisher’s Exact Test as the data allow.


Figure 1.  Subject Flow Diagram
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Table 1. Summary Table of Studies Done at Local and Central Labs
	Visit
	Time
	CBC, Retic.
	Chem. Panel
	1Hb  

F, S, C
	2RBC Density, et al.
	2Plasma Mg, iMg
	3RBC Endothel.
	Total Blood Volume

	Blood Volume (ml)
	3
	5
	2
	8
	4
	5
	

	1
	Week - 1
	x
	x
	x
	x
	x
	x
	27

	2
	Baseline 
	x
	x
	x
	x
	x
	x
	27

	3
	Week 2
	x
	
	
	
	
	
	3

	4
	Week 4
	x
	
	
	
	
	
	3

	5
	Week 6
	x
	
	
	
	
	
	3

	6
	Week 8
	x
	x
	x
	x
	x
	x
	27

	7
	Month 3
	x
	
	
	
	
	
	3

	8
	Month 4
	x
	x
	x
	x
	x
	x
	27

	9
	Month 5
	x
	
	
	
	
	
	3

	10
	Month 6
	x
	x
	x
	x
	x
	x
	27

	11
	Month 7
	x
	
	
	
	
	
	3

	12
	Month 8
	x
	x
	
	
	
	
	8

	13
	Month 9
	x
	
	
	
	
	
	3

	14
	Month 10
	x
	x
	
	
	
	
	8

	15
	Month 11
	x
	
	x
	x
	x
	x
	22

	16
	Month 12
	x
	x
	
	
	
	
	8


1 Hb F, S, and C will be measured in the laboratory of Dr. Steinberg.  For more details refer to section 0.1.2.

2 Red blood density, cations, and membrane channel activity, as well as plasma Mg and iMg,will be measured in the laboratory of Dr. Brugnara.  For details refer to sections 10.1.3 and 10.1.4.

3 Red blood cell endothelial interactions will be measured in the laboratory of Dr. Telen.  For details, refer to section 10.1.5.

Table 2.  Schedule of Standard Hematologic Evaluations, Clinical Outcomes, and Safety Assessments
	Visit
	Time
	Clinical Eval.
	CBC1
	α genes
	U/A
	Chemistry

Panel2
	Adverse

Events 
	Clinical Outcomes3
	Preg. Test

	1
	Week –1
	X
	X
	X
	
	X
	X
	X
	X

	2
	Baseline
	X
	X
	
	X
	X
	X
	X
	X

	3
	Week 2
	X
	X
	
	
	
	X
	X
	X

	4
	Week 4
	X
	X
	
	
	
	X
	X
	X

	5
	Week 6
	X
	X
	
	
	
	X
	X
	X

	6
	Week 8
	X
	X
	
	
	X
	X
	X
	X

	7
	Month 3
	X
	X
	
	
	
	X
	X
	X

	8
	Month 4
	X
	X
	
	
	X
	X
	X
	X

	9
	Month 5
	X
	X
	
	
	
	X
	X
	X

	10
	Month 6
	X
	X
	
	X
	X
	X
	X
	X

	11
	Month 7
	X
	X
	
	
	
	X
	X
	X

	12
	Month 8
	X
	X
	
	
	X
	X
	X
	X

	13
	Month 9
	X
	X
	
	
	
	X
	X
	X

	14
	Month 10
	X
	X
	
	
	X
	X
	X
	X

	15
	Month 11
	X
	X
	
	
	
	X
	X
	X

	16
	Month 12
	X
	X
	
	X
	X
	X
	X
	


1 Includes Hb, Hct, RBC, WBC, MCV, MCHC, Platelet, Retic or ARC, ANC.

2 Includes Na, K, Cl, CO2, Ca, BUN, Cr, total protein, alb, total bilirubin, SGPT/ALT, alk phos, LDH.

3 Includes pain crises, ACS, hospital admissions, transfusion, death, clinical stroke, acute splenic sequestration.  Cancer and neuroimaging history collected at Visits 1, 2, 7, 10, 13, and 16.
Table 3.  Schedule of Efficacy Assessments
	Visit
	Time
	Hb

F, S, C
	Dense cells (%)
	RBC Cation
	KCl Co-Transp.
	Gardos Channel
	Na/Mg Exch.
	Plasma Mg
	Plasma
iMg 
	Kinase Activity/

Oxygen Damage1

	1
	Week -1
	X
	X
	X
	X
	X
	X
	X
	X
	X

	2
	Baseline
	X
	X
	X
	X
	X
	X
	X
	X
	X

	3
	Week 2
	
	
	
	
	
	
	
	
	

	4
	Week 4
	
	
	
	
	
	
	
	
	

	5
	Week 6
	
	
	
	
	
	
	
	
	

	6
	Week 8
	X
	X
	X
	X
	X
	X
	X
	X
	X

	7
	Month 3
	
	
	
	
	
	
	
	
	

	8
	Month 4
	X
	X
	X
	X
	X
	X
	X
	X
	X

	9
	Month 5
	
	
	
	
	
	
	
	
	

	10
	Month 6
	X
	X
	X
	X
	X
	X
	X
	X
	X

	11
	Month 7
	
	
	
	
	
	
	
	
	

	12
	Month 8
	
	
	
	
	
	
	
	
	

	13
	Month 9
	
	
	
	
	
	
	
	
	

	14
	Month 10
	
	
	
	
	
	
	
	
	

	15
	Month 11
	X
	X
	X
	X
	X
	X
	X
	X
	X

	16
	Month 12 
	
	
	
	
	
	
	
	
	


1 Additional laboratory analyses to examine a limited number of samples for red cell membrane kinase activity and oxygen damage to red cell membrane proteins will be conducted in collaboration with Dr. Lucia DeFranceschi in Verona, Italy.  These assays will be performed on the first 40 patients enrolled on the study.
Table 4.  Schedule of in Vitro Red Cell-Endothelial Interaction Assessments
	Visit
	Time
	Laminin
	Endothelial Cells
	Receptors1
	Response to Epinephrine

	1
	Week -1
	X
	X
	X
	X

	2
	Baseline
	X
	X
	X
	X

	3
	Week 2
	
	
	
	

	4
	Week 4
	
	
	
	

	5
	Week 6
	
	
	
	

	6
	Week 8
	X
	X
	X
	X

	7
	Month 3
	
	
	
	

	8
	Month 4
	X
	X
	X
	X

	9
	Month 5
	
	
	
	

	10
	Month 6
	X
	X
	X
	X

	11
	Month 7
	
	
	
	

	12
	Month 8
	
	
	
	

	13
	Month 9
	
	
	
	

	14
	Month 10
	
	
	
	

	15
	Month 11
	X
	X
	X
	X

	16
	Month 12 
	
	
	
	


1 Includes receptors for laminin, TSP, and endothelial cells (B-CAM/LU, CD47, VLA-4, LW), and red cell surface phosphatidylserine (annexin V binding).
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