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Summary  95 
 
Title 
 
 
Code  

National multicenter prospective study comparing the results of geno-
identical allograft to the transfusion program in sickle cell children with 
cerebral vasculopathy detected by trancranial Doppler. 
DREPAGREFFE 
P : 071247 

Investigator coordinator Dr BERNAUDIN 

Objectives 
 
 

Principal :  
Show that the allograft significantly decreases the TCD velocities than 
the extended transfusion program (TP) 
Secondary : 
Compare in the 2 groups (transfusion vs transplantation) : 
- Evolution of cerebral vasculopathy  
     * Percentage of patients who normalized TCD (<170 cm/ sec) 
      * Ischemic lesions on MRI 
      * Possible stenosis on MRA 
      * Serum expression of "angiogenic" molecules 
      * Comparative cognitive performance patient and sibling 
- Evaluation of transfusion performance, anti-erythroid 
alloimmunization, and post-transfusion incidents and accidents 
- Iron overload 
- Psychological condition and quality of life 
- Costs 

Eligibility criteria 
 
 
 
 

Inclusion criteria 
- Sickle cell anemia (SCA) patients SS/Sb0, 
- Aged less than 15 years, 
- With a history of abnormal-TCD (≥ 200 cm/sec) 
- Having at least  one non-SCA sibling of the same parental couple 
- Of which parents accept HLA typing and transplantation project in 
the event of the existence of a genotype identical HLA donor in the 
sibling or the extended transfusion program 
Non-Inclusion Criteria 
- non SCA-patients (not SS/Sb0)  
- aged > 15 years 
- No history of abnormal-TCD (≥ 200 cm/sec) 
- no non-SCA sibling of the same parental couple 
- Of which parents refuse HLA typing and transplantation project in the 
event of the existence of a genotype HLA donor in the siblings or the 
extended transfusion program. 

Sample size 63 patients: 21 SCA-patients in the group “Transplantation” and 42 in 
the group “Transfusion” 

Duration of research Inclusions over 2 and follow-up over 1 year, ie a study duration of 
3years  

Methodology Mendelian-randomized prospective cohort study (allografted) - 
unexposed (TP), grafted versus transfused, national multicenter. 
Study of cell therapy. 

Exams required  
 

1. The TCD 
2. The MRI/MRA 
3. Cognitive tests (WIPPSI-R or WISC-4 or WAIS-3) 
4. Quality of Life Scale 
5. Alloimmunization 
6. Expression of phosphatidylserine 
7. Expression of angiogenic molecules. 
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End points 
 
 
 

 
1. Main endpoint 
Improvement of the cerebral vasculopathy assessed on the 
measurement of the average at 1 year of the velocities (TAMV) 
recorded in MCA arteries 
2.  Secondary endpoints 
2.1 Evolution of cerebral vasculopathy 
      - Incidence of ischemic stroke 
      - Survival without ischemic stroke 
      - TCD Velocities 
      - Percentage of patients who normalized velocities at 1 year 
      - Expression of membrane phosphatidyl and angiogenic molecules 
      - Incidence of ischemic lesions in MRI 
      - Incidence of strictures in WARC 
       - Cognitive performance 
2.2 Anti-erythrocytic alloimmunization 
2.3 Hemolysis and iron overload 
2.4 Assessment of Psychological Status and Quality of Life 
2.5 Costing 

 96 
 97 
 98 
 99 
 100 
 101 
 102 
 103 
 104 
 105 
 106 
 107 

108 
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2. BACKGROUND and SUMMARY OF RESEARCH  109 
 110 
2.1 Introduction 111 
 112 
Sickle cell anemia, in its SS / Sb0 form, is at risk of 11% occurrence of stroke before the age 113 
of 20 years (1,2), providers of motor and cognitive sequelae. 114 
 115 
Non-invasive transcranial doppler (TCD) allows detection of patients at risk of clinical stroke 116 
(3-7): abnormally high velocities> 200 cm / sec predicted a 40% stroke risk within 3 years 117 
(4.9) . 118 
 119 
The initiation of a transfusion program aimed at maintaining hemoglobin  S (HbS) levels 120 
below 30% significantly reduces this risk (9) (STOP I study). 121 
 122 
However, the STOP II study published very recently (10) shows that this transfusion program 123 
cannot be stopped even in patients who have normalized their velocities after 30 months of 124 
transfusion program (TP) and who have no obvious stenoses, ARM. Transfusion programs 125 
"for life" expose to viral risks that have become minor, but to major ones of alloimmunization 126 
as well as those of iron overload. The results obtained with the new oral chelators are very 127 
promising (11) but long-term studies remain to be made. 128 
 129 
Only the geno-identical allograft makes it possible to stop the transfusion program but, the 130 
risks of this procedure are not negligible (vital risk, risk of post-transplant neurological 131 
worsening, GVH risks and gonadal risk), although they are very reduced when the 132 
transplantation is performed before the age of 15 (12-20). Results have improved 133 
dramatically over the past 5 years with a 95.7% recovery hope encouraging transplantation 134 
at an earlier stage before complications with sequelae (21). 135 
 136 
Its benefits seem important in terms of changes in vasculopathy and quality of life, but this 137 
remains to be assessed prospectively. 138 
 139 
The possibilities of cryopreservation of the placental blood of the siblings and the techniques 140 
of preimplantation diagnosis with double HLA-disease selection will make it possible to 141 
increase the percentage of sickle-cell sick children with severe expression of their disease 142 
and candidate to allograft (22). 143 
 144 
It has therefore become essential to carry out a prospective study comparing the benefits 145 
and risks of transfusion programs with allografts (29,30). 146 
 147 
Furthermore, there is still room for improvement in the identification of clinical and biological 148 
factors predisposing to cerebral vasculopathy, and the study proposed here of membrane 149 
phosphatidylserine of red blood cells and blood angiogenic factors may contribute to this. 150 
 151 
 152 
2.2 Literature review 153 
 154 
2.2.1. Prediction of the risk of stroke by transcranial Doppler 155 
 156 
The first article reporting the interest of the TCD in sickle cell children was published in 1990. 157 
By comparing the velocities of 6 affected children with a history of stroke and intracranial 158 
stenosis proved by angiography and those of 115 affected children without neurological 159 
history, Adams showed that a velocity of ACM, ACA or terminal IC greater than or equal to 160 
1.90 m / sec strongly evoked a focal stenosis (23). 161 
 162 
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In a larger study of 34 patients aged 2 to 30 years (mean 12 ± 6) with stroke, explored by 163 
TCD and using angiography as the gold standard, he noted a sensitivity of 90% and a 164 
specificity of 100% with the following criteria: an averaged velocity higher than or equal to 165 
2m/sec evokes stenosis, absence of flow in the ACM or slow flow less than 0.70 m/sec in 166 
ACM is in favor of a thrombosis of the IC and / or ACM, the recorded slow flow being related 167 
to a type of augmentative circulation Moya Moya (5). 168 
 169 
Adams then demonstrated TCD's ability to predict the occurrence of stroke in asymptomatic 170 
sickle cell children (8). One hundred and ninety children were followed for an average of 29 171 
months. Twenty-three had an average velocity greater than 1.70 m / sec. Seven strokes 172 
occurred including six of the 23 patients with abnormal TCD. This result was confirmed by a 173 
subsequent study including 125 additional children, who found a risk of stroke of 40% within 174 
3 years in children with an average velocity in the terminal CI or ACM higher or equal to 2 175 
meters per second against 2% if the TCD was normal. 176 
 177 
Using a Doppler coupled to ultrasounds we verified that the criteria described by Adams in 178 
Blind Doppler could be used in Doppler ultrasound. While we had taken as threshold value 179 
1.70 m / sec, vasculopathy suspected by TCD in 9 children on a series of 58 children with 180 
sickle cell disease was confirmed by angiography in all but one (6). All the four patients with 181 
a velocity greater than 1.90 m / sec had stenosis. Two of them had no neurological history. 182 
The confrontation of the TCD data and angiographic data by conventional technique or by 183 
magnetic resonance angiography (MRA) shows an acceleration zone in TCD that does not 184 
always correspond to an incorporated stenosis. TCD detects localized hemodynamic 185 
disturbances preceding the establishment of an organized stenosis but exposing the tissue 186 
area downstream ischemia. It is understood that the impact of the therapeutic intervention at 187 
this stage of circulatory disorders may be strongly avoiding the evolution towards the 188 
stenosis (24). 189 
 190 
2.2.2. Blood and Doppler biology 191 
 192 
A. Phosphatidylserine  193 
 194 
The phosphatidylserine is a membrane phospholipid abnormally externalized on sickle cell 195 
red blood cells (59-61). This modifies the adhesion properties of red blood cells and could 196 
increase the risk of vasculopathy. It is possible that the red blood cells presenting 197 
phosphatidylserine on their surface are capable of altering the wall of the blood vessels, in 198 
particular the cerebral vessels, and of participating in the formation of cerebral vasculopathy. 199 
 200 
B. Hypoxia and angiogenic factors 201 
 202 
Angiogenesis is defined as the set of processes leading to the formation of new blood 203 
capillaries by the growth or budding of pre-existing vessels. Under normal physiological 204 
conditions, this neovascularization is finely controlled and plays a fundamental role in 205 
embryonic development and then in adulthood, only in reproductive functions and tissue 206 
repair in wounds or ischemia. 207 
 208 
Among the molecules involved in the formation of the vessels, there are three main classes 209 
of molecules: 210 
• adhesion receptors and matrix proteins; 211 
• enzymes degrading the extracellular matrix; 212 
• angiogenic factors and their receptors: endothelial growth factors (such as Vascular 213 
Endothelial Growth Factor, VEGF) as well as remodeling factors (angiopoietin) 214 
 215 
It is now recognized that VEGF alone does not act in the control of angiogenesis. Indeed, 216 
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VEGF, alone, initiates but does not completely complete the angiogenesis (76). Among the 217 
molecules which can act in cooperation with VEGF, mention should be made of 218 
angiopoietins. Angiopoietins represent a family of cytokines known to have two main 219 
members, Angiopoietin-1 (Ang-1) and Angiopoietin-2 (Ang-2), which possess a common 220 
receptor called Tie-2 (Tyrosine Kinase with Immunoglobulin Epidermal Growth Factor 221 
Homology Domain). 222 
 223 
During physiological angiogenesis, angiogenic remodeling involves a preliminary Ang-2 224 
action that destabilizes vascular structures to allow VEGF, if present, to stimulate 225 
angiogenesis. In the absence of the latter, vascular regression is observed. Ang-1 intervenes 226 
in the late phases of angiogenesis to ensure stabilization of the vascular networks in 227 
particular by promoting the recruitment of peri-endothelial cells. This newer discovery of 228 
angiopoietins, as synergistic agents of VEGF in the angiogenic balance, offers new 229 
perspectives to the study of angiogenesis in a pathological context, particularly in cerebral 230 
ischemia (77). 231 
 232 
Similarly, EPO can exert distinct effects from its hematopoietic effects on different organs 233 
including the brain. By way of example, EPO is angiogenic, neuroprotective and its receptor 234 
has been identified at the cerebral level (45, 78) 235 
 236 
Numerous factors are at the root of angiogenesis, among which tissue hypoxia is known to 237 
play a major role in increasing the synthesis of angiogenic factors in particular via the 238 
transcription factor HIF-1 (Hypoxia Inducible Factor-1 ). Among the angiogenic factors 239 
induced by HIF-1 are VEGF, Ang-2 and EPO (46-47, 79) 240 
 241 
VEGF, angiopoietins as well as EPO seem particularly interesting in the context of sickle cell 242 
anemia. Indeed, the serum level of these molecules and in particular that of Ang-2 revealed a 243 
pro-angiogenic state in adult sickle cell (48). It should be noted that in sickle-cell anemia, 244 
organic damage is related to vaso-occlusion accidents associated with ischemia-reperfusion. 245 
These molecules are known to be involved in post-ischemic and in particular angiogenic 246 
processes (46, 80) 247 
 248 
Thus, all these studies highlight the relevance of studying the expression of these angiogenic 249 
factors at the serum level in sickle cell children with abnormal Doppler velocities and of 250 
comparing their transfusion and / or after transplantation. 251 
 252 
2.2.3. Contribution of MRI / ARM imaging 253 
 254 
1. Description of MRI lesions 255 
 256 
MRI is a very sensitive examination in the detection of ischaemia / infarction lesions 257 
appearing in iso or hyposignal on the T1-weighted sequences and hypersignal on the T2 and 258 
Flair sequences which are the most sensitive. Three types of lesions are described (25): 259 
most commonly sylvian cortico-sub-cortical infarction related to severe stenosis or 260 
thrombosis of a main artery, anterior junctional infarction in the border area between ACA 261 
and ACM, Junctional posterior to the junction of the territories of the ACM and the posterior 262 
cerebral artery (ACP), small infarcts of the central gray nuclei, the internal capsule and 263 
especially the periventricular white matter and the oval center. Also to evoke the presence of 264 
a collateral network type miamoya in the form of a picket in the region of the central gray 265 
nuclei, especially since the homolateral IC and / or ACM are not visible 266 
 267 
2. Mecanisms 268 
 269 
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It seems that the first two types are related to macroangiopathy. The third can be isolated or 270 
associated with a lesion of large trunks. Indeed, several studies have attempted to classify 271 
MRI abnormalities according to the probable causal mechanism: macroangiopathy or 272 
pathology of microcirculation and / or embolism. In a study of 25 SS patients with stroke 273 
investigated by CT and / or MRI, Adams found that 72% had lesions suggestive of a disease 274 
of the large trunks (massive or junctional infarction) whereas 28% had lesions corresponding 275 
to Second mechanism (small lesions of the central gray nuclei and of the white substance) 276 
(3). 277 
 278 
3. Subclinical infarctions: frequency and significance 279 
 280 
Systematic MRI scanning of sickle cell children showed that ischemic lesions were found in 281 
most patients with a history of stroke but also in a large number of asymptomatic patients 282 
with a frequency of 17% to 21.8% in SS patients (25, 26). The risk of clinical stroke is 14 283 
times greater in this population with an incidence of 8.1% in the next 5.2 ± 2.2 years.  284 
 285 
4. Magnetic Resonance Angiography (MRA) 286 
 287 
This noninvasive vascular imaging has improved considerably in recent years and allows the 288 
visualization of arterial thromboses as well as even moderate stenoses (26,27). The time-of-289 
flight sequence in three-dimensional acquisition (3D TOF) is the most used. Injection of 290 
contrast medium is not necessary. The very frequent flow artifacts with older equipment in 291 
these fast flowing anemic children in the form of a signal vacuum at the two carotid siphons 292 
and M1 segments of the middle cerebral arteries have become less troublesome. Console 293 
work with careful reconstruction and cutting helps to clear each arterial segment and 294 
minimize false positives. 295 
 296 
 297 
5. Data from our previous multicentre study (PHRC 95) 298 
 299 
Between 01/96 and 07/97, 173 sickle cell children between the ages of 5 and 15 years were 300 
enrolled in a prospective multicentre study (PHRC 95) for the centers of Créteil, Debré, 301 
Rouen, TCD, MRI / MRA and cognitive tests that were also performed in a sister-sister group 302 
and also between 5 and 15 years of age. The incidence of pathological TCD (velocities> 200 303 
cm / sec) was 9.6% in the SS / Sb0 population and the incidence of silent stroke 15% 304 
(subclinical ischemic lesions). Multivariate analysis showed that lesions with MRI (OR = 2.76, 305 
p = 0.047), hematocrit <20% (OR 5.85, p = 0.005) and thrombocytosis> 500x109 / l (OR = 306 

3.99, p = 0.004) were significant independent risk 307 
factors for cognitive impairment (IQ <75) (28). 308 
 309 
 310 
2.3. PREVENTION OF RISK BY TRANSFUSION 311 
PROGRAM 312 
 313 
STOP I study 314 
The therapeutic benefit 315 
of screening was 316 
demonstrated in a 317 
randomized, multicenter 318 
American study (STOP I) 319 
in 130 children with 320 
pathologic TCD with a 321 
velocity greater than or 322 
equal to 2 meters per 323 
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second screened among 1934 children aged 2 years at 16 years old (9). The initiation of a 324 
transfusion program aimed at maintaining the hemoglobin S level below 30% has reduced 325 
the risk of stroke by 10% per year to 2%. Ten strokes and intracerebral hematoma occurred 326 
in 67 patients not transfused to a single stroke in the transfused 63 patients. 327 
 328 
 The STOP II study (very recently published) (10) shows that it is not safe to stop the 329 
transfusion program even in patients who have been transfused for 30 months and have 330 
normalized their velocities and having no stenosis at the MRA (occurrence of 2 strokes and 331 
14 recurrences of pathological TCD in the 41 patients whose transfusion program had been 332 
stopped).  333 
 334 
2.4. Alternative to transfusions  335 
 336 
2.4.1 Hydroxyurea 337 
 338 
Among the modifiers of erythroid maturation, hydroxyurea (inhibitor of ribonucleotide 339 
reductase) is the least hematotoxic. 340 
 341 
Hydroxyurea has been proposed since 1992 in France by pediatric teams to children with 342 
sickle cell anemia with more than 3 vaso-occlusive attacks (VO) hospitalized per year and / 343 
or 2 STA (31,32) and in some cases with severe anemia (36). 344 
 345 
The randomized experiment in adults in the USA (33) showed a 50% reduction in the 346 
frequency of VOs, acute thoracic syndromes (ATS) and transfusion needs under this 347 
treatment. 348 
 349 
On the other hand this treatment is not the reference treatment in case of cerebral 350 
vasculopathy. Trials conducted by Ware (35) showed a risk of recurrence of stroke of 19% in 351 
the 4 months following the initiation of the Hydrea whereas with transfusion subprogram this 352 
risk is of 10%. 353 
 354 
In Creteil, hydra has been proposed in selected patients with a history of pathological TCD 355 
with no MRS stenosis and whose velocities had normalized under the transfusion program 356 
with quarterly DTP monitoring: 7 patients were switched from the TP to the Hydrea but 4/7 357 
exhibited an acceleration of the velocities and were then switched to a transfusion program 358 
(24). 359 
 360 
2.4.2. Transplantation of hematopoietic stem cells 361 
 362 
Geno-identical transplantation is the only potentially curative treatment and the only safe 363 
alternative to stopping the transfusional program of children with cerebral vasculopathy. 364 
 365 
About 250 geno-identical allografts have been carried out to date worldwide for 16 years for 366 
severe forms of sickle cell anemia (12-21). In this rich marrow disease and competent 367 
immune system, the risk of rejection is high and attempts at non-myeloablative conditioning 368 
(37) have so far resulted in failures. 369 
 370 
The French experiment currently involves 105 patients. Results of the grafts performed 371 
between 11/1988 and 12/2004 with a follow-up of more than 2 years and involving 87 372 
patients (aged from 2.6 to 22 years) have just been published (21). These grafts used 373 
myeloablative conditioning. With a median follow-up of 6 years overall survival is 93.1% and 374 
event-free survival (no death or rejection) of 86.1% (21). 375 
 376 
The risk of rejection was significantly reduced by the addition of anti-lymphocyte serum 377 
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(ATG) in the packaging, since a risk 378 
reduction of 22.6% to 3% (p = 0.003) 379 
was obtained (18,21). 380 
 381 
GVH (Graft versus Host disease) 382 
grade above or equal to II involved 383 
20% of the patients and was 384 
responsible for 4/6 of the deaths 385 
observed. The risk was significantly 386 
influenced by age at age 16 or 387 
younger (p = 0.002). Seven patients 388 
had non-disabling chronic GVH and 389 
none had extensive GVH. 390 
 391 

The results of the transplant in this pathology have been very significantly improved during 392 
the last 5 years (21): 393 
 394 
* 40 patients with a mean age of 9.2 ± 4.2 years were transplanted before 11/1999 with the 395 
following results: TRM (Transplant Related Mortality) of 15%, Releases 12.5%. The EFS 396 
(survival without death or rejection) was 72.5% 397 
 398 
* 47 patients with a mean age of 9.7 ± 4.5 years were grafted from 11/99 to 12/2004 and no 399 
deaths occurred (TRM = 0%), and the risk of rejection was only 4.2% 400 
 401 
 402 
Several factors are responsible for this progress: the experience of the grafting centers, the 403 
selection of patients who are somewhat less severe and better prepared for transplantation 404 
by transfusional leukocyte pellet programs reducing the risk of anti-HLA alloimmunization 405 
and thus of rejections 406 
 407 
The immediate post-transplant period may lead to an increased risk of convulsions and 408 
reversible posterior leukoencephalopathy (18, 21, 38), but the measures adopted over the 409 
last few years have considerably reduced this risk (38): maintenance of platelets above 410 
50000, control of magnesemia and BP, replacement of ciclosporin by Cellcept in case of 411 
corticosteroid therapy. 412 
 413 
In patients with a history of stroke (n = 33), only 2 patients recovered post-transplant stroke: 414 
a fatal haemorrhagic stroke due to rupture of Moyamoya at J32 while the patient was well out 415 
of aplasia and an ischemic event Transient (TIA) on D10 in the context of hypertension and 416 
cyclosporine intolerance (21). 417 

 418 
 419 
Thus, the risk of post-transplant recurrence was 420 
only 5.7% with a median follow-up of 4.6 years. 421 
Post-transplantation of imaging showed no new 422 
ischemic lesions in all patients with graft intake, 423 
but the children retained the sequelae of the old 424 
ischemic lesions. The evolution of vascular 425 
lesions varied: thrombosed vessels remained, 426 
while some stenoses disappeared completely 427 
and others continued to evolve, but the 428 
underlying absence of sickle cell disease No 429 
stroke despite a persistent vasculopathy.  430 
 431 
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 434 
  435 
In addition, TCD velocities were significantly reduced 436 
(p <0.001) by 138 ± 50 cm / sec before 437 
transplantation at 100 ± 34 cm / sec 1 year after 438 
transplantation 439 
 440 
These excellent results in recent years have 441 
encouraged the recommendation of transplantation 442 
in children with a geno-identical potential donor 443 
earlier, before the onset of stroke and their 444 
irreversible sequelae (18,21). 445 
 446 
2.5. Pilot STUDY AT Créteil ON THE PRE-SCREENING BY TCD 447 
 448 
 449 
2.5.1. Cohort of neonatal screened children: Early detection of cerebral vasculopathy 450 
by TCD from the age of 12-18 months 451 
 452 
Since 1992, sickle cell children have been systematically explored by TCD (Dr Suzanne 453 
Verlhac) from the age of 12-18 months (24). As of 5/2/06, 289 major sickle cell syndromes 454 
(MDS) had been detected and 455 
monitored at CHIC. We have early 456 
TCD monitoring at 181 patients with 457 
SDM including 149 SS/Sb0 and 32 458 
SC/Sb+.  459 
  460 
The chart on the right shows the 461 
rates observed at the TCD in the 462 
annual reports of children with MDS: 463 
SS patients have an average 464 
velocity> 110 cm / sec between 2 465 
and 14 years while the velocities are 466 
always lower in the SC population 467 

 468 
 469 
The follow-up mean follow-up with TCD of the 470 
cohort of children screened in neonatal in Créteil 471 
was 7.0 years ± 4.4 (range 0.8-17.8). 472 
 473 
Early detection of vasculopathy by TCD, applied 474 
since 1992 in Créteil (39) significantly reduce the 475 
risk of stroke reported in the literature as 11% 476 
before the age of 20 (1-2) 477 
Indeed only 2 strokes occurred in our cohort of 478 
children SS / Sb0 detected in neonatal and 479 
monitored by TCD: 480 
 481 
 482 

 The first occurred in a 1.6-year-old girl in 483 
whom the first TCD a month earlier was 484 
pathological but the stroke occurred just before 485 0 5 10 15 20
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the control of the TCD we were using at the time as recommended by Adams before 486 
start of the TP. Since this unfortunate experience, we decided to transfuse as soon as 487 
the pathological velocities> 200 cm / sec 488 

 The second stroke involved a 4.4 year old girl in whom the absence of a temporal 489 
window did not allow the satisfactory realization of the TCD and the angio-MR had 490 
not yet been realized. Since this unfortunate event, we decided to program IRM / 491 
ARM as soon as the TCD cannot be realized by unavailability of temporal window as 492 
it often translates in our experience the sign of an underlying cerebral suffering 493 
(frequently observed in the course of stroke because of the non-expansion of the 494 
cerebral side of the stroke). 495 
 496 
The graph below shows the (Kaplan-Meier) incidence of pathological TCD as a 497 
function of the diagnosis: we observed only pathological TCD (n = 25) in the SS / Sb0 498 
population at the mean age of 3.5 ± 1.6 years (range 1.5-8.3 years) and an estimated 499 
incidence (Kaplan-Meier) of 7.9% at 3 years and 19.6% at 5 years whereas no new 500 
pathological TCD was observed beyond the age of 8.3 years in our experience. 501 
 502 
The experiment of Creteil has now been published (Bernaudin F, Verlhac S, Arnaud 503 
C, et al. Impact of early transcranial Doppler screening and intensive therapy on 504 
cerebral vasculopathy in a newborn sickle cell anemia cohort. Blood. 2011; 117 (4): 505 
1130-1140; quiz 1436). 506 

 507 
 508 
2.5.2. LONG-TERM MONITORING OF PATHOLOGICAL TCD 509 
 510 
Our experience with children with abnormally high TCD velocities (> 200 cm / sec) and 511 
followed between 1992 and 1/2004 was reported in 2005 (24): 512 
 513 
- those with a history of stroke (n = 11) with velocities> 200 all retained pathological velocities 514 
under TP (8/11 explorable only, 3 lacking a temporal window): 6/8> 170 cm / sec and 2/8> 515 
200 cm / sec 516 
 517 
- those without a neurological history (n = 25) evolved as follows: 518 
 519 

 1 girl whose first TCD at the age of 18 months was pathologic(> 200 cm / sec) did a 520 
stroke in the following month, just before the TCD control: this unfortunate story made 521 
us change our conduct and now, a first transfusion is carried out as soon as the first 522 
pathological examination and then the monthly transfusion program is undertaken if 523 
the 1st pathological DTP was not related to a transient deglobulation 524 

 24 patients with no history of stroke but with pathological DTP were placed under TP 525 
and regularly monitored 526 
 527 
11/24 kept abnormal velocities> 170 cm / sec 528 
 529 
13/24 normalized their velocities <170 cm / sec within a median time of 0.75 years 530 
(0.25-2.3 years) 531 
 532 
4/12 explored by ARM had abnormal ARM (of which 2 normalized under TP 533 

 Thus, 10 patients had standardized TCD and normal or standardized ARM 534 
3/10 had received TP> 3 years and was stopped 535 
7/10 switch to Hydréa but 4/7 have recurrence of pathological velocities 536 
1/10 with desaturation was treated with O2, but due to recurrence of pathological 537 
DTP was returned under TP 538 

 539 
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 540 
2.5.3. GRAFTS IN THE CASE OF PATHOLOGICAL TCD 541 
 542 
Six children of this series with pathological TCD were allografted: 543 
 544 
- 2 with history of stroke: 545 
 546 
 These 2 patients were successfully grafted and are AA and AS as their donors, and have 547 
not been retransfused since 1 month post-transplant 548 
 549 
 The absence of a temporal window did not allow monitoring of the TCD 550 
 551 
 No ischemic damage occurred since the transplant 552 
 553 
- 4 without history of stroke 554 
 555 
1. This girl was 7 years old when a pathological 556 

TCD was highlighted. The birth of an identical 557 
HLA sister whose placental blood had been 558 
cryopreserved allowed the grafting: 559 
unfortunately, there was a graft failure and 560 
autologous reconstitution was observed with 561 
a high level of HbF of 25% still persisting at 562 
11 years of follow-up post-transplant and 563 
responsible for the absence of manifestations 564 
of sickle cell disease. On the other hand, the 565 
velocities are pathological at 566 
level of ACAG and angio-MR confirms persistent arterial disease. 567 
 568 

2. This girl was 3.3 years old in 3/96 when the TCD was found pathological. The TP was 569 
not undertaken until 1997 after the publication of Adams: the velocities remained 570 
pathological despite a TP of 3 years. The 571 
birth of an identical HLA brother whose 572 
placental blood had been cryopreserved 573 
allowed an allograft in 03/2000. At the time of 574 
this transplant, a normalization of the 575 
velocities on the right was observed while on 576 
the left, they remained pathological. This child 577 
now aged 12.5 years is perfectly fine, she is 578 
AS as her donor, has no stroke and is no 579 
longer transfused but maintains pathological 580 
TCD on one side and an angioMR 581 
arteriopathy without Ischemic lesions MRI. 582 

 583 
3. This 3-year-old boy at the time of detection of 584 

pathological TCD retained abnormal 585 
velocities despite a TP of 12 months whereas 586 
very rapidly after the placental blood 587 
transplant of his identical HLA sister, a 588 
normalization of velocities was observed. It is 589 
now AS as its donor and goes perfectly well 590 
at 2.7 years of grafting and keeps normal 591 
velocities at TCD and a normal MRI / MRI. 592 

  593 
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4. This boy was 4 years old at the time of the 594 
discovery of the pathological TCD and kept 595 
abnormal velocities in spite of a prolonged TP 596 
of 2.4 years whereas a rapid and definitive 597 
normalization was observed in the course of a 598 
medullary graft from his brother AS: TCD and 599 
MRI / ARM are perfectly normal 600 

 601 
 602 
 603 
We concluded from this monocentric experiment that: 604 
 605 
- early detection of cerebral vasculopathy by TCD from the age of 12-18 months is possible 606 
 607 
- the initiation of a transfusion program in the case of pathological TCD significantly reduced 608 
the risk of stroke from 11% (1.2) to 1.1% 609 
 610 
- the incidence of pathological TCD at a given time is 10-12%, but follow-up of patients from 611 
birth showed in the Creteil cohort that 19.6% of SS / Sb0 children had pathological TCD 612 
before the age of 5 years which is very important and will cause considerable transfusion 613 
demand in future years 614 
 615 
- the geno-identical graft gives very good results in the child with an expectation of survival 616 
without events of about 95%. It alone makes it possible to interrupt a TP in safety and has 617 
even allowed in some children a normalization of the velocities at the TCD not obtained by 618 
the TP 619 
 620 
It is therefore imperative to look for alternatives to extended transfusion programs and to 621 
evaluate prospectively and multicentre the benefits / risks of early transplantation 622 
 623 
 624 
2.6. TOXICITY OF TRANSFUSIONAL PROGRAMS 625 
 626 
2.6.1. INFECTIONS  627 
 628 
The residual risk of viral infection of transfusion origin is minimal in the case of viruses known 629 
and detected in donors since it is estimated at 1 / 3,900,000 for HIV, 1 / 6,000,000 for HCV 630 
and 1 /2,400,000 for HBV (81) 631 
 632 
Parvovirus B19, which is not detected in donors, can have consequences for sickle cell 633 
anemia. Nearly 50% of donors are immunized against Parvovirus B19, but the prevalence of 634 
this infection and its consequences with regard to transfusion is not clear (82), so the 635 
question remains of the need for negative CGR For Parvovirus B19 in non-immunized sickle-636 
cell anemia. 637 
 638 
Transfusion incidents involving bacterial contamination constitute the major infectious risk (1 639 
bacterial infection for 178,000 labile blood products) and can have dramatic consequences in 640 
sickle cell patients (83). They are mainly due to commensal skin bacteria or post-prandial 641 
bacteremia of the donor at the time of collection. 642 
 643 
Finally, the infectious risk also concerns agents not known to date, for which it is not possible 644 
to take preventive measures. Patients who are transfused in an iterative manner are 645 
potentially at risk. 646 
 647 

648 
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2.6.2. Allo-Immunisation 649 
 650 
Immunological risk remains the major risk of transfusion in sickle cell patients. It is mainly the 651 
risk of anti-erythrocytic alloimmunization, since anti-HLA alloimmunization is much less 652 
frequent since the systematic deleucocytation of RBCs was introduced in April 1998 (84). 653 
 654 
The anti-erythrocytic alloimmunization is relatively frequent in these patients, it can reach 655 
50% according to transfusion studies and transfusion practices. It results mainly from the 656 
ethnic polymorphism of antigens of blood groups between donors, mainly of Caucasian origin 657 
and recipients of Afro-Caribbean origin. 658 
 659 
This polymorphism is found at several levels: at the level of the common antigens, that is to 660 
say those classically known to be immunogenic: the antigens RH, FY, JK and MNS. Thus, 661 
the C-antigen of the RH system is very frequently expressed in Caucasian donors, whereas it 662 
is very rarely expressed in sickle cell recipients. 663 
 664 
The same problem arises for the Fya, Jkb and S antigens. Although, in general, 665 
alloimmunization can be prevented in the HR system, on the other hand, the resource is 666 
insufficient in terms of CGRs from Afro donors And does not prevent alloimmunization from 667 
other antigens (85). 668 
 669 
The polymorphism of blood group antigens is also part of a number of variants, which are 670 
often unknown, causing immuno-hemolytic accidents and lack of transfusion yield. These 671 
variants can be found only by the demonstration of associated alleles in molecular biology, a 672 
practice not routinely implanted (86-87). 673 
 674 
When alloimmunization is established, the risk of immuno-hemolytic accidents and a greater 675 
frequency of transfusion-related absences are observed by different mechanisms. The first 676 
mechanism is the ignorance of the alloantibody and its ignorance because it has 677 
disappeared from the serum before the transfusion and / or the alloimmunization history is 678 
not known (88). The antibody reactivated by the transfusion sensitizes the transfused RBCs 679 
and induces their destruction, often causing the concomitant destruction of the patient's own 680 
GRs probably by the effect of an oxidative stress generated by the hemolysis of the 681 
dependent antibody but also by the non-specific binding On sickle cell RBCs of activated 682 
complement fractions (89). 683 
 684 
A second mechanism is the production of autoantibodies which can lead to serious arrays of 685 
transfusional haemolytic anemia (90). 686 
 687 
Finally, apart from any obvious alloimmunization, transfused RBCs can be destroyed rapidly 688 
(within 10 to 15 days) without exactly understanding the mechanism (91). 689 
 690 
When alloimmunization extends to many common or specific antigens of these populations, 691 
irreversible transfusional situations can occur, with only the possibility of incompatible 692 
transfusions at high risk. 693 
 694 
Whatever the situation, these incidents or accidents aggravate the clinical picture which had 695 
motivated the transfusion, exacerbates the clinical manifestations and therefore become 696 
deleterious for the disease. Transfusion dead ends can no longer find compatible CGR and 697 
thus treat the patient. 698 
 699 
The prevention of these accidents lies mainly in the knowledge of the extended phenotype of 700 
the patient, the phenocompatibility of the CGR and the pre-transfusional compatibility tests in 701 
the laboratory. 702 
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 703 
In France, the phenocompatibility is systematic for RH and KEL systems, the most 704 
immunogenic, but cannot be extended to the other systems in first intention due to the 705 
shortage of CGR coming from donors of Afro-Caribbean origin. Concerning the extended 706 
phenotype, it is carried out systematically, and should be associated with the demonstration 707 
of variant antigens more frequent in these populations (D, C, e partial and "public" negative 708 
phenotypes). 709 
 710 
Finally, compatibility tests should also be systematic as they make it possible to overcome 711 
some of the deficiencies of RAI when screening for antibodies directed against low frequency 712 
antigens. 713 
 714 
 715 
2.6.3. Iron overload 716 
 717 
Iron overload is unavoidable in long-term transfusion programs. The practice of transfusion 718 
exchanges used in sickle cell patients makes it possible to limit it with manual exchanges 719 
and even to avoid it with erythrocytapheresis. Iron overload can be responsible for endocrine 720 
problems: diabetes, PTH, gonadal and cardiac insufficiency that occur only after very 721 
prolonged transfusion programs over 10 years. To avoid these complications, it is necessary 722 
to resort to a chelating treatment in principle justified after about twenty transfusions. The 723 
overload is assessed on the blood balance by the siderophilin saturation coefficient and the 724 
ferritin level. The reference technique for evaluating iron overload was that obtained by PBH, 725 
but recent MRI and cardiac MRI techniques made its assessment easier and less dangerous. 726 
Reference chelation involves the use of Desferal whose 10-hour nocturnal subcutaneous 727 
administration is extremely restrictive, but the appearance on the market of the new oral 728 
chelator Exjade should improve the compliance of polytransfused patients. 729 
 730 
 731 
 732 
2.7. ALLOGRAFT TOXICITY 733 
 734 
2.7.1. Aplasia 735 
 736 
Aplasia during these myeloablative transplants lasts an average of 20 days for medullary 737 
graft and 28 days for placental blood grafts and is at risk of infectious complications justifying 738 
the use of sterile asepsis measures. Nevertheless, thanks to these measures and the 739 
antibiotherapies available to us, the occurrence of aplastic deaths was only one case for 87 740 
transplants. 741 
 742 
2.7.2. Graft versus host disease: GVH 743 
 744 
In these geno-identical grafts, GVH is related to minor antigenic differences. It is prevented 745 
by ciclosporin A administered from D-1 to 6 months-1 year post-transplant. In the first 100 746 
days of the transplant it is called acute GVH and results in skin signs such as pruritic 747 
erythematous rash, which can lead to Lyell, diarrhea-vomiting-malabsorption and signs 748 
Biological agents. It requires the use of corticosteroids and possibly other 749 
immunosuppressants such as Cellcept. Chronic GVH manifests itself after J100 in principle 750 
in some patients with acute GVH: it results in mucocutaneous problems such as irregular 751 
pigmentation of the skin, labial and jugal lichen, possible scleroderma and / or From digestive 752 
problems to malabsorption type. The most serious complication is the occurrence of 753 
bronchiolitis obliterans 754 
 755 
In the context of geno-identical grafts for Sickle cell anemia (21), acute GVH grade ≥ II was 756 
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observed in 20% of patients. The factors significantly associated with GVH risk were age> 15 757 
years and the existence of a mismatch. No GVH ≥ II was observed after placental blood 758 
transplantation. Moderate chronic GVH was observed in 11% of patients and extensive in 759 
2.4%. GVH was responsible for 4 deaths in the 87 patients. Nevertheless, the signs of GVH 760 
fade over time and none of the 81 living patients is actually disabled by it. 761 
 762 
2.7.3. Gonadal risk 763 
 764 
1. In girls 765 
 766 
The myeloablative conditioning (Endoxan, Busulfex, Thymoglobulin) proposed here for 767 
transplantation in sickle cell anemia exposes a risk of prolonged ovarian failure in puberty 768 
girls at the time of conditioning and results in a fall in estradiol levels and High levels of FSH 769 
and LH requiring the use of estrogen-progestin treatment and raising fears of further 770 
infertility. It is not known at this time whether this ovarian failure will be definitive or transient: 771 
it is estimated to be at least prolonged for 10 to 15 years. This is why ovarian 772 
cryopreservation is proposed: the specimen is taken under caelioscopy and the ovary is 773 
frozen in small fragments. This technique made it possible to obtain a pregnancy in a female 774 
ex-sickle cell allograft (67-68). 775 
 776 
When the graft is performed in the girl, an estrogen-progestin treatment is often necessary 777 
for the induction of puberty when bone age reaches 13 years but this is not always 778 
necessary and spontaneous and normal puberty with normal rates of d oestradiol, FSH-LH 779 
were observed in several young girls grafted (21). Moreover, an induction of puberty has 780 
been obtained in Créteil in post-transplantation by reimplantation of ovarian fragment taken 781 
from the pre-graft (personal data in the course of publication) published (95). 782 
 783 
2. In boys 784 
 785 
 No gonadal hormone disorder has been observed so far in our French series (21) in boys: 786 
testosterone levels are normal as well as FSH-LH levels and in relation to their age and 787 
pubertal development which Is always carried out normally in post-graft. On the other hand, 788 
no spermatic study has yet been carried out to assess their future fertility. As a precautionary 789 
measure, testicular cryopreservation may be proposed to young sickle cell boys. 790 
 791 
2.7.4. Other risks  792 
 793 
Treatments with total body irradiation are known to increase the carcinological risk but this 794 
seems very unlikely with the packaging used in sickle-cell disease that does not use 795 
irradiation. Extensive chronic GVH can also be a risk factor. In any case, to date, no 796 
secondary cancer has been observed in the wake of sickle cell transplants 797 
 798 
All these risks have been detailed in a reply to a letter published in Blood (92) 799 
 800 
 801 
2.7.5. Psychological aspects and quality of life 802 
 803 
The impact of a chronic disease on the emotional development of the child and his / her 804 
family is major and needs to be taken into account. 805 
 806 
A retrospective study, supported by the French Institution of Transplantation, was carried out 807 
in France on 28 sickle cell patients treated with HSC allograft. His goal was to assess their 808 
psychological state and to identify, through their narratives of illness and healing, the psychic 809 
and cultural stakes of the healing processes (42). Of the 28 patients, nine had psychiatric 810 
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disorders of moderate intensity, requiring specialized follow-up. Most had a positive view of 811 
the graft and its effects. Interviews showed the importance of individual and family changes. 812 
The main issues of healing were donation, the issue of recognition and debt, building identity 813 
especially in adolescence and infertility and its transgenerational repercussion. 814 
 815 
In addition to cognitive assessment and quality of life, a prospective and comparative study 816 
will evaluate the psychological state of sick children and their evolution during two different 817 
treatments: transplant or transfusion program. 818 
 819 
Studies have reported the cost of transfusion programs in sickle-cell anemia in the USA (41) 820 
and geno-identical allograft in France (44). Our study will make it possible to compare the 821 
respective costs of these two techniques in a prospective way. The main endpoint is a 822 
biological criterion that does not allow a cost effectiveness study to be carried out. We will 823 
compare the costs of the allograft transplantation strategy with the objective of providing an 824 
additional decision criterion. There is no provision for cost study utility. The costs will be 825 
estimated from the point of view of the health care system, for a period of 2.5 years (duration 826 
of patient follow-up). The reference is the transfusion program. 827 
 828 
2.7.6. Evaluation of costs 829 
 830 
Our experience with the GREFIG study (44) indicates that the cost of allograft can be 831 
estimated reliably by the length of stay of patients. A study conducted in Créteil comparing 832 
the costs of transfusion programs and transplantation showed that the cost of transplantation 833 
corresponded to the cost of a 19-month transfusional program involving chelation of iron 834 
(93). 835 
 836 
3. OBJECTIVES OF RESEARCH   837 
 838 
3.1. Hypothesis 839 
 840 
The reference therapies for a history of clinical stroke in sickle cell patients are the "lifetime" 841 
transfusion program, which reduces the risk of stroke recurrence by 67% to 10% and 842 
haematopoietic stem cell transplantation Donor genoid) available to reduce this risk to 6% 843 
(18,21). 844 
 845 
The primary prevention treatment for the risk of stroke at abnormally high TCD rates is the 846 
very prolonged transfusion program (9,10), which reduces the risk of stroke by 40% to 2%. 847 
 848 
Allograft has been proposed only to a very small number of patients with no history of stroke 849 
but with pathologic TCD (18,21), these results are very encouraging but require to be 850 
evaluated in a multicentric and prospective way. 851 
 852 
We hypothesize that allograft, despite unquestionable toxicity but limited at this age of life, 853 
will allow better prevention or stabilization of cerebral vasculopathy 854 
 855 
 856 
3.2. Primary objective 857 
 858 
Show that the graft significantly decreases the average at 1 year of the velocities (TAMV) of 859 
the right and left middle cerebral arteries (MCA) than the extended transfusion program 860 
 861 
3.3. Secondary objectives 862 
 863 
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To contribute to the analysis of the clinical and biological factors influencing the appearance 864 
of pathological velocities of the cerebral flow and thus of the cerebral vasculopathy 865 
 866 
Compare in both groups (Extended Transfusion Program and Transplantation): 867 
 868 
- Evolution of cerebral vasculopathy 869 
O percentage of patients having normalized all cerebral velocities (<170 cm / sec) in both the 870 
graft and transfusion arms 871 
O MRI ischemic lesions 872 
O Stenosis at MRA 873 
O serum expression of "angiogenic" molecules 874 
O comparative cognitive performance child sickle cell and siblings 875 
- Assessment of transfusion performance, anti-erythrocytic alloimmunization, and post-876 
transfusion incidents and accidents 877 
- Iron overload 878 
- Psychological condition and quality of life 879 
- Costs 880 
 881 
 882 
4. CONCEPTION OF RESEARCH 883 
 884 
4.1 Main endpoint  885 
 886 
Improvement of the cerebral vasculopathy assessed on the measurement of the average at 1 887 
year of the velocities (TAMV) in MCA. 888 
 889 
4.2. Secondary endpoints  890 
 891 
4.2.1 Evolution of cerebral vasculopathy  892 
 893 
- Incidence of ischemic stroke: We will compare the risk of stroke in children with pathological 894 
TCD and treated according to the type of treatment applied: prolonged TP or graft 895 
 896 
- Survival without ischemic stroke: one will evaluate the time until the first event (stroke or 897 
death) 898 
 899 
- TCD velocities: all velocities in the different arteries: MCA, ACA, PCA, BT, IC will be 900 
collected at baseline and then at 1 year of inclusion in both prolonged TP or graft patients. 901 
 902 
- Standardization of velocities to 1 year. The TCD will be considered normalized if all 903 
velocities are <170 cm / sec. The percentage of patients who standardized the TCD 904 
velocities will be compared between the 2 groups "exposed = allogeneic" and "unexposed = 905 
transfused" 906 
 907 
- Incidence of ischemic lesions in MRI: we will compare the number and size of the ischemic 908 
lesions that have emerged since inclusion in both the prolonged TP or graft groups 909 
 910 
- Incidence of stenosis in MRA: the number and extent of stenosis occurring since inclusion 911 
will be compared in both prolonged TP or graft groups. 912 
 913 
- Expression of membrane phosphatidyl and angiogenic molecules at baseline and at 12 914 
months post-inclusion 915 
 916 
- cognitive performance: the delta of cognitive performance (difference between values at the 917 
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end of the study -values at inclusion) will be compared in the 2 groups prolonged TP or graft 918 
as well as the difference in cognitive performance with the member of the sickle cell brothers  919 
 920 
 921 
4.2.2. Alloimmunisation anti-érythrocytaire 922 
 923 
- Alloimmunizations that have appeared since inclusion will be compared in both groups. In 924 
the transfusion group one will also note the necessity of stopping the program if any. 925 
 926 
4.2.3. Hemolysis and iron overload 927 
  928 
- Hemolysis tests (GR, reticulocytes, erythroblasts, haptoglobin, Bilirubin, LDH) will be 929 
compared in both groups: a recent study showed us that there was still a significant degree 930 
of TP while this was not observed in Post-transplantation (30). 931 
 932 
- Iron overload will be studied on blood sampling (Iron, CTF, ferritin) at baseline, 3, 6 9 and 933 
12 months post-inclusion. Hepatic and cardiac MRI will be performed at baseline and at the 934 
end of the study in both groups 935 
 936 
 937 
4.2.4. Assessment of psychological status and quality of life 938 
 939 
The protocol will include a pedopsychiatric evaluation at inclusion and at 1 year post-940 
inclusion. In the group of transplanted children, a pre-transplant and post-transplant 941 
evaluation at 2 months will be performed in addition. This assessment will be adapted 942 
according to the age of the child. It will be an evaluation in search of the main psychiatric 943 
disorders (with a structured diagnostic interview), attachment patterns (stories to be 944 
completed) and measuring certain psychological dimensions (anxiety, depression, post-945 
traumatic symptoms and Outsourced). In addition to this quantitative evaluation, there will be 946 
a qualitative clinical evaluation of parents / children in pairs with a standardized clinical 947 
situation (drawing of the man in relation to the representation of the body, the family, free 948 
drawing, play with stickers and animals for children More than three years, free talk with 949 
parents and teenagers). For children under 3 years of age, parent-child interactions will be 950 
assessed. At 1 year post-transplant, this assessment will be supplemented by a family 951 
interview according to the methods used in transcultural psychiatry (43). 952 
 953 
Quality of life will be assessed at baseline, 3, 6, 9 and at 12 months post-inclusion. The 954 
choice of the quality of life scale will be made with the help of our psychologists and 955 
educators, the aim being to evaluate by a self-questionnaire the quality of life of the children 956 
as well as the quality of family life (69-75) , As the graft or non-graft may have disrupted or 957 
improved the family's experience of the disease. 958 
 959 
 960 
4.2.5. Evaluation of costs  961 
 962 
Our study will make it possible to compare the respective costs of these two techniques in a 963 
prospective way. The main endpoint is a biological criterion that does not allow a cost 964 
effectiveness study to be carried out. We will compare the costs of the transfusion strategy 965 
with those of the allograft, in order to provide an additional decision criterion. There is no 966 
provision for cost study utility. The costs will be estimated from the point of view of the health 967 
care system, for a duration of 1 year (duration of patient follow-up). The reference is the 968 
transfusion program. 969 
 970 
The resources used will be documented prospectively in volume for each patient included 971 
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from the observation book. These resources include hospitalizations, examinations and 972 
ambulatory treatments. The valuation will be carried out on the basis of the national tariffs 973 
when they are available (prices of blood products, rate of ambulatory acts.) In terms of 974 
hospitalizations, we will use DRG data, supplemented if necessary by accounting data The 975 
costs associated with HLA typing, sampling, packaging and, in general, all pre-transplant 976 
procedures will also be included in the calculations. The hospitalizations that will follow the 977 
allograft will be value 978 
4.3 Description of methods  979 
 980 
4.3.1  Methodology   981 
 982 
It is a biomedical research of cell therapy, multicentric and carried out in open. 983 
 984 
There will be no randomization but the distribution between the two groups will be linked to 985 
the chance of having a family geno-identical donor or not. 986 
 987 
The study of type exposed (grafted) - unexposed (TP). They will be matched on the age (±1 988 
year), the number at inclusion of possible allo-ACs, the number of stenoses and / or ischemic 989 
lesions to the allografted subject.  Pair matching will be done during the blind analysis by the 990 
DBIM who will not have the notion of the 1 year evolution of cerebral vasculopathy. 991 
 992 

 Sample size: 63 patients 21 in the Transplantation and 42 in the Transfusion group 993 
 994 

 Expected length of research 995 
 996 
Estimated total duration of the research (duration of inclusion and duration of participation) 997 
The duration of inclusion is 2 years, the follow-up duration is 1 year (post-transplant or 998 
extension of the TP), or a total duration of 3 years. 999 
 1000 
 1001 
4.3.2  Unfolding of Research 1002 
 1003 
Recruitment, information and consent. 1004 
 1005 
Sickle cell children (SS/Sb0), aged less than 15 years with a h TCD (velocity (≥ 200 cm / sec) 1006 
and having a sibling of the same parental couple, will be seen in consultations as part of their 1007 
pathology, within the sickle cell centers participating in the study. 1008 
 1009 
The investigator will provide appropriate information to parents and patients, including the 1010 
objectives, benefits, constraints and risks of participating in this research. A reflection period 1011 
of at least one week will be granted before obtaining the participation agreement for HLA 1012 
typing and potential transplantation if presence of a genoidentical donor. 1013 
 1014 
 Patients with pathological TCD with 1 or more siblings but no identical HLA will pursue the 1015 
transfusion program 1016 
 1017 
 1018 
 Patients with a history of pathologic TCD in whom familial HLA typing will show the 1019 
existence of a geno-identical donor (HLA identity AB, DR, DQ) will be able to integrate the 1020 
allograft group  1021 
 1022 
 1023 
A committee of pediatric experts will receive the child in case the family agrees to the 1024 
transplant 1025 
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 1026 
Informed consent visit 1027 
 1028 
During this visit, the investigator will answer the questions of the parents, the patient and the 1029 
siblings, and will then collect the informed consent signed by the parents and the patient. 1030 
 1031 
The patient will then: 1032 
 1033 
• an initial clinical assessment 1034 
• HLA typing 1035 
• a control of its vasculopathy: TCD and MRI/MRA 1036 
• cognitive tests (WIPPSI-R and WISC IV) 1037 
• a quality of life assessment test 1038 
• Two additional blood tubes with a volume of 3 ml each will be recovered during the usual 1039 
biological check-up in order to study the following biological parameters: hypoxia factors, 1040 
phosphatidylserine expression, chimerism (for the allograft group). 1041 
 1042 
Follow-up visits 1043 
 1044 
- Vasculopathy, TCD and MRI / ARM checks will be carried out at 12 months. 1045 
- the assessment of the quality of life will be carried out every quarter during the 12 months 1046 
of follow-up 1047 
      - Two additional blood tubes of 3 ml each will be recovered at 12 months, for the study of 1048 
biological parameters. 1049 
 1050 
 1051 
4.5  Description of stopping rules  1052 
 1053 
At any time, the sponsor and / or regulatory bodies may decide to discontinue the trial 1054 
prematurely for medical and / or administrative reasons. In all cases, the decision shall be 1055 
taken after mutual consultation and appropriate documentation of the reasons. The 1056 
investigator will then return the observation books and all documentation related to the study 1057 
to the proponent. 1058 
 1059 
Rules for discontinuing the study on an individual scale: 1060 
 1061 
- Patients and parents refusing transfusion protocol will not be included. 1062 
- Patients with an identical HLA donor and refusing allograft will be analyzed for intention to 1063 
treat 1064 
- Major alloimmunization prohibiting the continuation of the transfusion program 1065 
 1066 
 1067 
5. SELECTION and EXCLUSION of participants 1068 
 1069 
5.1. Inclusion criteria 1070 
  1071 

- Sickle cell patients SS / Sb0, 1072 
- Aged less than 15 years, 1073 
- With a history of pathological TCD (≥ 200 cm / sec) 1074 
- Having a sibling of the same parental couple 1075 
- Of which parents accept HLA typing for the grafting project in the event of the 1076 

existence of a genotype HLA donor in the sibling or the extended transfusion 1077 
program. 1078 

- Informed and written consent of parents. 1079 
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 1080 
 1081 
5.2. Non-Inclusion Criteria 1082 
 1083 

- Sickle Cell Patients> 15 years 1084 
- No history of pathological TCD (≥ 200 cm / sec) 1085 
- Not having siblings of the same parental couple 1086 
- Of which the parents refuse the HLA typing, for the project of graft in case of 1087 

existence of HLA donor geno-identical in the sibling or the extended transfusion 1088 
program. 1089 

- No affiliation to a social security scheme (beneficiary or beneficiary) 1090 
 1091 
 1092 

5.3. Criteria for non-inclusion of donors vis-à-vis communicable agents 1093 
 1094 
Positive HIV Serology 1095 
P24 positive antigenic 1096 
Positive HCV serology 1097 
HBS positive antigen 1098 

 1099 
 1100 
6. PROCEDURES OF RESEARCH  1101 
 1102 
6.1. Identification of patients  1103 
 1104 
The so-called "pathological" TCD will have been sent by Fax or mail to Dr. Verlhac for control 1105 
The training of dopplers was monitored and carried out by Dr. Verlhac who created a website 1106 
in 2006: drepanosite.free.fr and a self-control of Doppléristes will be carried out through the 1107 
use of an e-learning module assisted by computer. 1108 
 1109 
6.2. HLA family types 1110 
 1111 
After parental agreement, HLA typing of the siblings will have been carried out with that of 1112 

the parents if necessary. 1113 

6.3. STUDY OF PHOSPHATIDYL-SERINE AND VARIANTS RH (DR FRANCE NOIZAT-1114 
PIRENNE EFS MONDOR 1115 
 1116 
A determination of the main variants of the RH antigens of transfusional interest will be 1117 
carried out in molecular biology. The expression of phosphatidylserine on the surface of 1118 
RBCs will be determined by evaluating annexin V binding to GR in flow cytometry. Variants 1119 
RH and expression of the phosphatidylserine will be realized on the same tube sent to the 1120 
EFS Henri Mondor (3ml). 1121 
 1122 
6.4. Etude des facteurs d’hypoxie (Myriam BERNAUDIN, CNRS Caen) 1123 
 1124 
Study of angiogenic molecules (Myriam BERNAUDIN, CNRS, Caen) 1125 
Sampling of a tube of 3 mL of blood, the samples will be centralized at the CHI of Créteil. 1126 
The blood will then be centrifuged and the Serum will be kept at -80 ° C. 1127 
The frozen sera will be transported by the carrier DHL, a quarterly sending of 40 tubes in the 1128 
dry ice at the CNRS of Caen. 1129 
 1130 
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6.5.  Transfusion Program 1131 
 1132 
Before each transfusion, NFS, Hemoglobin electrophoresis, RAI and iron balance (Iron, CTF, 1133 
Ferritin) will be performed 1134 
 1135 
Laboratory compatibility tests will be systematic 1136 
Viral serology (HBS, CMV, HIV, HTLV) will be done at baseline and at 1 year post-inclusion 1137 
 1138 
The biological study of hypoxia factors (serum expression of angiogenic molecules: VEGF, 1139 
EPO, Ang-1 and Ang-2) and membrane phosphatidylserine will be done at inclusion and at 1 1140 
year post-inclusion (see Table 4.5.1) 1141 
 1142 
The goal of the transfusion program is to maintain HBS below 30% and Hb between 9 and 1143 
11g without increasing hyperviscosity. 1144 
 1145 
The choice between simple transfusions, manual exchange or erythrapheresis will be left to 1146 
the investigator of the monitoring center 1147 
 1148 
For those performing simple transfusions, the following scheme will be proposed: 1149 
Scheduled transfusions every 4 weeks 1150 
- 15 ml / kg in the case of Hemoglobin <9 g / dl 1151 
- 12 ml / kg in the case of Hemoglobin between 9 and 9.5 g / dl 1152 
- 10 ml / kg in the case of Hemoglobin between 9.5 and 10 g / dl 1153 
- in case of Hemoglobin > 10g / dl an exchange will be performed or the transfusion delayed 1154 
one week 1155 
 1156 
6.6. Graft 1157 
The transplant will be proposed to patients who have had a pathological TCD and a family 1158 
geno-identical donor. The donor may be AA, AS or Athal and will be received as for all family 1159 
transplants involving a minor donor by a committee of pediatric experts. The cellular source 1160 
of the graft will be medullary or the placental blood possibly cryopreserved. 1161 
The minimum cellular dose required for a bone marrow transplant should be ≥ 2x108 CNT / 1162 
kg and for a placental blood graft ≥ 3x107 CNT / kg. 1163 
 1164 
Graft Protocol (bibliographic reference no. 21) 1165 
 1166 
The recipient and the donor will have 1167 
- Control of HLA typing in the graft center 1168 
- Extended erythrocyte phenotypic group and RAI 1169 
- Search for anti-HLA 1170 
- Sampling for the study of chimerism 1171 
- G6PD 1172 
- Hepatic and Ionogram, Creatinine 1173 
- Serology: HIV, HTLV, HBV, HCV, CMV, EBV, Toxo, Syphilis !, Parvo, Measles, VZV, 1174 
Herpes 1175 
- Drop thick if traveling in Africa 1176 
- Rx Thorax 1177 
- ECG 1178 
- Anesthesia consultation 1179 
 1180 
The recipient will have a pre-transplant 1181 
- Echo heart with FR and FE and tricuspid regurgitation velocity 1182 
- EFR 1183 
- Thoracic CT 1184 
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- Echo abdo dating <3 months 1185 
- Cerebral MRI / MRA and TCD will have been performed prior to inclusion 1186 
 1187 
Blood products will be irradiated within 3 months before transplant 1188 
 1189 
- Major donors will have to take RV to the Tribunal de Grande Instance of their Prefecture to 1190 
deposit their signed consent to the Gift of bone marrow 1191 
- Minor donors are received individually and with their parents by a Committee of Pediatric 1192 
Experts to collect their free consent. 1193 
Donor and Receiver are then hospitalized on D-15 1194 
- the donor will revert to serology and 1195 
- Receiver enters for Central KT installation under AG 1196 
 1197 
Conditioning 1198 
- Busulfex (formerly known as Busilvex) from D-10 to -J-7: at 12.8 mg / kg total dose for more 1199 
than 34 kgs or 15.2 mg / kg for weights of 23-34 kgs, 17.6 mg / kg For weights of 16 to 23 1200 
kgs and 19.2 mg / kg for weights of 9 to 16 kgs 1201 
- Endoxan (Cyclophosphamide): 200 mg / kg total dose (50 mg / kg IV D-5 to D-2) 1202 
 1203 
- Rabbit anti-lymphocyte serum: Thymoglobulin 20 mg / kg total dose: 5 mg / kg / day D-6 to 1204 
D-3 1205 
 1206 
Prophylaxis of GVH 1207 
Marrow Transplant: CSA-MTX short 1208 
Placental blood transplantation: CSA alone 1209 
 1210 
Ciclosporin A will be introduced on D-1 and continued for 6 months to 1 year after 1211 
transplantation depending on whether or not GVH is present. 1212 
 1213 
Anti-Comitial Prevention 1214 
Rivotril will be prescribed throughout the conditioning and as long as ciclosporin A is 1215 
maintained. 1216 
The platelet count will be maintained> 50,000 and magnesemia and BP will be strictly 1217 
controlled 1218 
In the case of acute GVH, to avoid neurological complications related to ciclosporin and 1219 
corticosteroid therapy, ciclosporin A will be replaced by Cellcept at the introduction of 1220 
corticosteroids (21) 1221 
 1222 
Post-transplant follow-up 1223 
At the end of aplasia, it will be done at the rate of a passage in hospital of day by week until 3 1224 
months post-graft then spaced 1225 
 1226 
Anti-toxo or anti-pneumocystis prophylaxis should take into account the donor's G6PD 1227 
 1228 
In the case of post-transplant transfusion needs, these must be compatible with the recipient 1229 
and the donor and the products will be irradiated 1230 
 1231 
Hemoglobin electrophoresis and chimerism will be monitored regularly at 1, 2, 3, 6, 9 and 12 1232 
months post-transplantation 1233 
 1234 
The remainder of the surveillance will be identical to that of the other allograft patients 1235 
(surveillance of the CMV PCR, IgG assay for example ...) 1236 
The anti-pneumococcal prophylaxis by Oracillin will be maintained for 2 years and a 1237 
vaccination by Prevenar then Pneumo 23 carried out 1238 
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Recovery will depend on the condition of the child but can usually be done 3 to 4 months 1239 
after the transplant 1240 
 1241 
Vaccinations by HIB will be done at 2, 3, 4 months post-graft and 3 DTPolio will be done at 1 1242 
year post-transplant 1243 
 1244 
6.7. Psychometric tests 1245 
 1246 
Psychometric tests (WIPPSI-R or WISC-IV according to age) will be carried out in the 1247 
patients participating in the study: those patients who can be allografted (having an identical 1248 
HLA donor in the siblings) and the others (No identical HLA donor among siblings) will be 1249 
studied as well as the closest brother or sister of the patient's age. The tests will be repeated 1250 
at 1 year of inclusion in patients and siblings. Indeed the previous study (PHRC 95) (28) 1251 
showed us the relevance of testing and "retesting" siblings as well. The tests will be repeated 1252 
2 years after the second evaluation. 1253 
 1254 
6.8. Control of cerebral vasculopathy 1255 
 1256 
The following parameters will be checked at baseline and redone at 1 year of inclusion for all 1257 
allograft and non-grafted patients. 1258 
- TCD and MRI / MRA (including cervical incidence) 1259 
- Phosphatidylserine and angiogenic molecules 1260 
 1261 
For patients included in the transfusion program, Coombs, RAI and iron balance (Fer, CTF, 1262 
Ferritin) will be checked at baseline and before each transfusion until follow-up (at 12 months 1263 
post-inclusion). 1264 
 1265 
For the included patients who will be allografted, Coombs, RAI and iron balance (Fer, CTF, 1266 
Ferritin) will be controlled at baseline at 3, 6, 9 and 12 months post-inclusion in the 1267 
DREPAGREFFE section. 1268 
 1269 
 1270 
7. Description of efficacy parameters   1271 
 1272 
TCD as well as MRI / MRA will be redone at inclusion and then at 12 months post-inclusion 1273 
(whether the child is under TP or allograft)  1274 
 1275 
Cognitive tests (WIPPSI-R then WISC-IV): will be done at inclusion and redone at 12 months 1276 
post-inclusion  1277 
 1278 
Scale of quality of life will be evaluated in the child and its relatives by a self-questionnaire 1279 
(69-75) at the inclusion, 3 months, 6 months, 9 months and 12 months post-inclusion  1280 
 1281 
Alloimmunization: the search for irregular agglutinins will be carried out systematically before 1282 
each transfusion and in the graft group it will be carried out at the inclusion, at 3 months, 6 1283 
months, 9 months and 1 year post-graft. Anti-HLA testing will be performed at baseline and 1 1284 
year  1285 
 1286 
Phosphatidylserine and angiogenic molecules will be studied at inclusion and then at 1 year 1287 
post-inclusion. 1288 
 1289 
8. Ancillary study: biological markers. 1290 
 1291 
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This ancillary study proposes to study the biological markers: Phosphatidyl-serine and the 1292 
factors of hypoxia before initiation of the transfusion program. 1293 
It concerns sickle cell patients who have only recently been shown a pathological TCD 1294 
(velocities ≥ 200 cm / sec) and in whom the last transfusion is more than 3 months old. (See 1295 
appendix N ° 5) 1296 
 1297 
 1298 
9. Evaluation of safety 1299 
 1300 
All serious adverse events (SAEs) will be reported within 24 hours by the investigator of the 1301 
center immediately to the sponsor for reporting to the authorities according to the procedures 1302 
in force. 1303 
 1304 
9.1. Description des paramètres d'évaluation de la sécurité 1305 
  1306 

 Adverse event Any untoward medical occurrence in a patient or clinical trial subject 1307 
administered a medicinal product and which does not necessarily have a causal 1308 
relationship with this treatment. 1309 

 1310 
 Adverse drug reaction  1311 

Any response to a medicinal product which is noxious and unintended. 1312 
 1313 

 Serious adverse event  1314 
Any untoward medical occurrence that at any dose results in death, is life-threatening, 1315 
requires inpatient hospitalisation or prolongation of existing hospitalisation, results in 1316 
persistent or significant disability/incapacity, or is a congenital anomaly/birth defect. 1317 
 1318 

 Unexpected adverse reaction  1319 
An adverse reaction, the nature, severity or outcome of which is not consistent with the 1320 
applicable product information: the summary of product characteristics (SmPC) for an 1321 
authorised product or the investigator's brochure for an unauthorised investigational product. 1322 
 1323 

 New safety issue 1324 
Any new information regarding safety: 1325 
- that could significantly alter the assessment of the benefit-risk ratio for the experimental 1326 
medication, or for the trial 1327 
- or which could lead to the possibility of altering the administration of the experimental 1328 
medication or altering the conduct of the trial 1329 
 1330 
 1331 
9.2 Study committees 1332 
 1333 
9.2.1 Steering committee 1334 
 1335 
It will define the general organization and conduct of the research and coordinate the 1336 
information. 1337 
It will initially determine the methodology and will decide in the course of research the 1338 
conduct to be taken in unforeseen cases, will monitor the conduct of the research particularly 1339 
in terms of tolerance and adverse events. 1340 
 1341 
It will consist of the clinical initiators of the project, the biostatistician in charge of the project, 1342 
representatives of the promoter and the URC appointed for this research, in particular: Dr. 1343 
Françoise Bernaudin (Investig coordinator); Prof. S. Chevret (DBIM); Pr Socié (Head of the 1344 
Registry Unit at St Louis Hospital); V. MILLUL (DRCD). 1345 



   

 

 

DREPAGREFFE Trial                 Page 29 / 73 
    

 1346 
9.2.2. Data Safety Monitoring Board 1347 
 1348 
The Data and Safety Monitoring Board (DSMB) can be established by the sponsor. Its 1349 
primary mission is to serve as a committee for monitoring safety data. It can have other 1350 
missions, such as monitoring efficacy data (especially if the protocol includes interim 1351 
analyses).  1352 
The DSMB is mentioned in Article L. 1123-7 of the French Public Health Code.  1353 
 1354 
The sponsor is responsible for justifying the creation or absence of a supervisory committee 1355 
to the Competent Authority (ANSM) and to the CPP. 1356 
 1357 
 1358 
At the level of tolerance, it will monitor the frequency and imputability of deaths, severe GVH 1359 
in the graft group, severe alloimmunization in the transfusions group. It may decide to 1360 
discontinue the study in the event of a difference in mortality or the occurrence of clinical 1361 
events liable to cause sequelae in one of the groups 1362 
 1363 
In the absence of serious adverse events, the Independent Monitoring Committee will meet 1364 
once a year to assess the progress of the study, validate possible alloimmunizations and 1365 
serious GVH. 1366 
 1367 
 The constitution of the members is as follows: 1368 

- DR B.  BRUNO : CHRU de Lille – Hématologue-Pédiatre  1369 
- DR  C. PAILLARD : CHRU de Strasbourg – Hematologue –Cancérologue –Pédiatre  1370 
- PR A FERSTER : HUDERF – Bruxelles – Onco-hématologue- Hématologie générale  1371 

 1372 
The DSMB has agreed to meet once every 6 months in a systematic way for 1 year and then 1373 
once a year if there is an extension of the follow-up period. Additional meetings or 1374 
consultations may take place , If requested by the proponent or by one of the members of the 1375 
CSI if it deems it necessary. Meetings will usually be by conference call unless a physical 1376 
meeting is deemed necessary by the Committee and the proponent. 1377 
 1378 
   1379 
9.3 Notification of adverse events (AE) 1380 
 1381 
9.3.1 Non severe AE  1382 
 1383 
Any adverse event - not serious according to the previous definition - observed during the 1384 
research and its follow-up should be reported in the observation book in the section provided 1385 
for this purpose. 1386 
 1387 
Only one event must be reported per item. The event may be a significant symptom, 1388 
diagnosis or examination result. All the clinical or para-clinical elements that make it possible 1389 
to best describe the corresponding event must be reported. 1390 
 1391 
9.3.2. Severe AE (SAE)   1392 
 1393 
The investigator must report all adverse events that meet one of the seriousness criteria 1394 
below, except for events listed in section 10.3.3.1 as not requiring notification: 1395 
1- Death 1396 
2- Life threatening situation 1397 
3- Requiring hospitalisation or prolonging hospitalisation 1398 
4- Persistent or significant disability or incapacity 1399 
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5- Congenital abnormality or birth defect 1400 
6- Or any other adverse event considered "medically significant" 1401 
 1402 
The investigator must notify the sponsor, immediately on the day when the sponsor 1403 
becomes aware, of all the serious adverse events, except those that are listed in the 1404 
protocol (see. section 10.3.3.1) or in the investigator's brochure as not requiring immediate 1405 
notification. 1406 
 1407 
These serious adverse events are recorded in the "adverse event" section of the case report 1408 
form and the investigator must immediately notify the sponsor's Vigilance division (see 1409 
10.3.4). 1410 
 1411 
Any patient with an adverse event should be followed until resolution or stabilization of the 1412 
patient. 1413 
 1414 
If the event is not serious, the evolution will be noted on the corresponding page of the 1415 
observation book in the section provided for this purpose. 1416 
 1417 
If the event is serious, follow-up EIG will be sent to the DRCD. 1418 
 1419 
9.5 Grading of SAE 1420 
 1421 
See Appendix 7.  1422 
 1423 
10. STATISTICS  1424 
 1425 
10.1 Description  1426 
 1427 
After monitoring, data processing will be carried out in accordance with the complementary 1428 
guiding principles of the computer systems of the Guide to Good Clinical Practices of the 1429 
European Community. More precisely, the data will be entered according to a procedure of 1430 
double entry, under a manager of databases type ACCESS for Windows. They will be 1431 
validated after input, before the start of the statistical analysis (from the issuance of requests 1432 
to the CRAs and clinicians involved in the study). 1433 
 1434 
The statistical analysis will be carried out at the department of biostatistics and medical 1435 
informatics of the hospital Saint Louis (Paris) on SAS software (SAS Inc, Cary, NC) and R. 1436 
The main analysis will be carried out in intention to treat, all children in it, whether or not they 1437 
received the treatment in its entirety or not. For exploratory purposes, a protocol analysis 1438 
could be carried out secondly, retaining only the children treated according to the therapeutic 1439 
protocol of their group. 1440 
 1441 
The percentage of patients with normalized velocities will be compared by a non-parametric 1442 
approach. Only deaths before normalization will be considered a competing risk of the event 1443 
of interest. A Fine and Gray model will allow to compare the two groups by taking into 1444 
account potential confounding factors. 1445 
 1446 
The same approach will be applied to secondary endpoints (incidence of ischemic stroke, 1447 
incidence of ischemic lesions and stenoses, cognitive performance, alloimmunization). The 1448 
modeling of stroke-free survival will be based on the Kaplan-Meier estimate and the Cox 1449 
model. 1450 
The costs will be compared between the two groups by nonparametric tests to account for 1451 
the non-normal distribution (skewedness). High cost predictors / explanatory factors will be 1452 
sought by multivariate analysis. 1453 
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 1454 
The significance level will be 5% and all tests will be two-sided. 1455 
 1456 
10.2. Sample size 1457 
 1458 
For an alpha = 5% risk and an 80% potency, 63 children should be included (21 in the 1459 
Transplantation group and 42 in the Transfusion group) to demonstrate a difference of 1.4 to 1460 
1.0 on the mean TAMV recorded in MCA arteries at 1 year (assuming Standard deviation at 1461 
0.4, as suggested by previous data). 1462 
 1463 
There will be no randomization but the distribution between the two groups will be linked to 1464 
the chance of having a family geno-identical donor or not. 1465 
 1466 
The matching makes it possible to take into account the factors of confusion of the 1467 
comparison of the fates of these two groups. The factors selected are age (± 1 year), 1468 
alloimmunization level (0, 1 or several allo-AC) and the vasculopathy profile (ie, stenoses 1469 
already present or not with the MRA, presence or not of Ischemic lesions on MRI). 1470 
 1471 
10.3 Missing data 1472 
 1473 
Any patient included will be taken into account in the analysis until the interruption of his 1474 
follow-up if necessary. One will seek to document the causes of exit from study. 1475 
 1476 
10.4 MANAGING CHANGES IN THE INITIAL STRATEGY ANALYSIS 1477 
 1478 
Any major modification of the analysis scheme will be submitted to the ethics committee for 1479 
approval as an amendment to the study. 1480 
 1481 
10.5 Analysis sets 1482 
 1483 
The analysis being defined as intention to treat, all the data of the patients included in the 1484 
study will be taken into account in the statistical analysis of the study. 1485 
 1486 
 1487 
11. Data processing and storage of documents and data 1488 
 1489 
AP-HP is the owner of the data, which cannot be used or disclosed to a third party without its 1490 
prior approval. 1491 
Persons with direct access in accordance with the applicable laws and regulations, in 1492 
particular Articles L.1121-3 and R.5121-13 of the Public Health Code (eg investigators, 1493 
quality control persons, Monitors, clinical research assistants, auditors and others involved in 1494 
testing) shall take all necessary precautions to ensure the confidentiality of information 1495 
relating to investigational medicinal products, tests, appropriate persons and Particularly as 1496 
regards their identity and the results obtained. The data collected by these persons during 1497 
the quality control or audits are then made anonymous. 1498 
 1499 
 1500 
12. Quality  1501 
 1502 
The research will be framed according to the promoter's standard operating procedure. 1503 
The conduct of research in the investigating centers and the management of the subjects will 1504 
be done in accordance with the Helsinki Declaration and the Good Practices in force. 1505 
 1506 
12.1 Monitoring  1507 
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 1508 
According to the proponent's procedures, this research is classified in biomedical research, 1509 
risk D, study in cell therapy. 1510 
 1511 
Therefore all FIUs of all patients will be monitored at 100%. 1512 
 1513 
The ARC representatives of the promoter will visit the investigating centers at the rate 1514 
corresponding to the protocol of patient follow-up in the protocol, to the inclusions in the 1515 
different centers. 1516 
 1517 
- Opening visit of each center: before inclusion, for setting up the protocol and acquaintance 1518 
with the various participants in biomedical research. 1519 
 1520 
- During the following visits, the observation books will be reviewed as the CRA progresses. 1521 
The principal investigator of each center as well as the other investigators who include or 1522 
follow up the persons involved in the research undertake to receive the CRAs at regular 1523 
intervals. 1524 
During these on-site visits and in accordance with the Good Clinical Practices, the following 1525 
elements will be reviewed: 1526 
Compliance with protocol and defined procedures for research, 1527 
Audit of Informed Patient Consent 1528 
Review of source documents and comparison with data reported in the observation booklet 1529 
as to accuracy, missing data, consistency of data according to the rules laid down by the 1530 
DRCD procedures. 1531 
- Closure visit: retrieval of observation books, assessment at the pharmacy, documents of 1532 
biomedical research, archiving. 1533 
 1534 
 1535 
12.2 Transcription of data in the CRF  1536 
 1537 
All information required by the protocol must be provided in the observation booklet and an 1538 
explanation given by the investigator for each missing data. 1539 
Data should be transferred to the observation books as they are obtained, whether clinical or 1540 
para-clinical. The data must be clearly and legibly copied in black ink (in order to facilitate 1541 
duplication and computer capture). 1542 
The erroneous data recorded on the observation books will be clearly blocked and the new 1543 
data will be copied onto the notebook with the initials and the date by the member of the 1544 
team of the investigator who made the correction. 1545 
The anonymity of the subjects will be ensured by a code number and the initials of the 1546 
person who lends itself to research on all the documents necessary for the search or by 1547 
erasing by appropriate means the personal data on the copies of the source documents, for 1548 
the documentation of research. 1549 
The computerized data on a file will be declared to the CNIL according to the procedure 1550 
adapted to the case. 1551 
 1552 
13. Ethics and legal considerations 1553 
 1554 
The promoter is defined by the law 2004-806 of 9 August 2004. In this research, AP-HP is 1555 
the promoter and the Department of Clinical Research and Development (DRCD) ensures 1556 
the regulatory missions. 1557 
Before commencing the research, each investigator will provide the research sponsor's 1558 
representative with a copy of his / her dated and signed personal resume with his or her 1559 
registration number to the order of physicians. 1560 
 1561 
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 1562 
13.1 APPLICATION FOR AUTHORIZATION WITH AFSSAPS 1563 
 1564 
In order to start the search, AP-HP as promoter must submit an application for authorization 1565 
to the competent authority, Afssaps. The competent authority, as defined in Article L. 1123-1566 
12, shall take a decision with regard to the safety of persons who lend themselves to 1567 
biomedical research, taking into account in particular the safety and quality of the products 1568 
used in the course of the research in accordance with The conditions of use and the security 1569 
of persons with regard to the acts performed and the methods used as well as the 1570 
procedures for the follow-up of persons. 1571 
 1572 
13.2 Ethics committee  1573 
 1574 
In accordance with Article L.1123-6 of the Public Health Code, the research protocol must be 1575 
submitted by the promoter to a Committee for the Protection of Persons The opinion of this 1576 
Committee shall be notified to the competent authority by the promoter Before starting the 1577 
search. 1578 
 1579 
13.3 Modifications 1580 
 1581 
The DRCD must be informed of any proposed modification of the protocol by the 1582 
coordinating investigator. 1583 
Amendments should be qualified as substantive or not. 1584 
  1585 
A substantial change is a change that may in one way or another modify the guarantees 1586 
provided to individuals who lend themselves to biomedical research (modification of an 1587 
inclusion criterion, extension of an inclusion period, Participation of new centers, etc.). 1588 
 1589 
After the start of the research, any substantial modification of the research on the initiative of 1590 
the promoter must obtain, before implementation, a favorable opinion from the committee 1591 
and authorization from the competent authority. In this case, if necessary, the committee 1592 
ensures that new consent is obtained from the persons participating in the research. 1593 
 1594 
Furthermore, any extension of the research (deep modification of the therapeutic regimen or 1595 
populations included, prolongation of treatments and / or therapeutic acts not originally 1596 
foreseen in the protocol) should be considered as a new research. 1597 
 1598 
13.4 Declaration CNIL    1599 
 1600 
The French law provides that the declaration of the computerized file of personal data 1601 
collected for the search must be made before the actual start of the search. 1602 
A reference methodology specific to the processing of personal data carried out in the 1603 
context of biomedical research defined by Law 2004-806 of 9 August 2004 as falling within 1604 
the scope of Articles L.1121-1 et seq. Of the Public Health Code has been established By the 1605 
CNIL in January 2006. 1606 
This methodology allows a simplified declaration procedure when the nature of the data 1607 
collected in the search is compatible with the list provided by the CNIL in its reference 1608 
document. 1609 
When the protocol benefits from a quality control of the data by an ARC representing the 1610 
promoter and falls within the scope of the simplified CNIL procedure, the DRCD as promoter 1611 
will ask the person in charge of the computer file to commit In writing on compliance with the 1612 
MR001 reference methodology. 1613 
 1614 
  1615 
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13.5 Information and Consent  1616 
 1617 
Written consent must be obtained from any person who is suitable for research before 1618 
performing any act required by biomedical research. 1619 
 1620 
The parents of the patients will be informed by the doctor about the objective, the nature, the 1621 
constraints and the foreseeable risks of the test. An explanatory note will be given to them 1622 
along with an informed consent form, which they must date and sign before starting the test. 1623 
The parents will have a period of reflection of at least one week to give their written consent 1624 
of participation of their child (ren) to this study. 1625 
 1626 
To ensure medical confidentiality and data protection, written consent forms will be retained 1627 
by the investigator for a period of fifteen years after completion of the trial. The investigator 1628 
will attest in the observation note that the consent of the patient was obtained by dating and 1629 
signing. 1630 
The investigator will not begin any test specifically required by the trial until the written 1631 
consent of the patient's parents has been obtained. Parents of patients will be informed that 1632 
all test data will be computerized and kept confidential. Since the names of the patients are 1633 
kept secret, the documentation and evaluation of the data will be identified only by the first 1634 
three letters of the surname and the first two letters of the first name of the child and by the 1635 
individual patient number. 1636 
The technical protocol and supporting documents will be submitted by the study coordinator 1637 
to the PPC. 1638 
 1639 
13.6 Final report 1640 
 1641 
The final research report will be written collaboratively by the coordinator and the 1642 
biostatistician for this research. This report will be submitted to each of the investigators for 1643 
opinion. Once consensus has been reached, the final version must be endorsed by the 1644 
signature of each of the investigators and sent to the sponsor as soon as possible after the 1645 
actual completion of the research. A report drawn up in accordance with the competent 1646 
authority's reference plan shall be sent to the competent authority and to the PPC within one 1647 
year after the end of the search, as the last monitoring visit of the competent authority. Last 1648 
topic included. This period is extended to 90 days if the research is stopped prematurely. 1649 
 1650 
15. Funding ad assurance 1651 
 1652 
For the duration of the research, the Sponsor will take out an insurance policy covering the 1653 
sponsor's own civil liability as well as the civil liability of all the doctors involved in carrying 1654 
out the research. The sponsor will also provide full compensation for all harmful 1655 
consequences of the research for the research subjects and their beneficiaries, unless the 1656 
sponsor can prove that the harm is not the fault of the sponsor or any agent. The act of a 1657 
third party or the voluntary withdrawal of the person who initially consented to participate in 1658 
the research cannot be invoked against said compensation. 1659 
 1660 
Assistance Publique- Hôpitaux de Paris (AP-HP) has taken out insurance from HDI-1661 
GERLING through BIOMEDIC-INSURE for the full research period, covering its own civil 1662 
liability and that of any agent (doctor or research staff), in accordance with Article L.1121-10 1663 
of the French Public Health Code. 1664 
 1665 
 1666 
 1667 
  1668 
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DREPAGREFFE trial 2035 

 2036 

National multicenter prospective study comparing the results of genoidentical 2037 

transplantation to chronic transfusion in sickle cell anemia children with cerebral 2038 

vasculopathy detected by transcranial Doppler 2039 
 2040 

                                                                                        Substantial amendment No. 1 2041 

P071247– IDRCB 209-A012I3-54 2042 

 2043 

 
Protocol Version N ° 1 of 26 oct 2010 

 
Protocol Version N°2 of the  27 Feb 2013 Justification 

Study design 
Genoidentical transplantation (n=21) 
Matching 1 transplanted patient with  2 transfused 
patients (n=42) 

Propensity score matching 
 

Suppression of workforce by treated 

groups and pairing 1-2 Use during 

analysis (see below) of a match on 

propensity score to have been 

allografted 

Number of subjects required : a total of 63 
patients are required: 21 sickle cell patients in arm 
« Transplantation » » and  42 in arm « Chronic 
Transfusion» 

the distribution (due to the outline of this 
unexposed exposed cohort study) has been 
eliminated 

it was found that the transplant 
could be offered to more children 
than expected, due to a high 
frequency of large families in the 
eligible population 
 

  2044 
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Duration of the research: Inclusions over 2 years 
and follow-up over 1 year, ie a duration of study of 
3 years  
 

Duration of the research: Inclusions over 2 years 

and 6 months, followed over 3 years, ie a study 

duration of 5 years 6 months 

 

Extend cohort monitoring for longer 
term evaluation 
 

 

Methodology  : 
 
The study is of type exposed (transplanted) - 
unexposed (transfused). Each child with donor will 
be matched to 2 children without donor, age, 
alloimmunization level and similar vasculopathy 
profile and treated by prolonged chronic 
transfusion. 
Pairing between a patient (with an identical HLA 
donor) and 2 patients without identical HLA 
donors will be based on age (+/- 1 year) the 
number of possible alloantibodies, stenoses and / 
or ischemic MRI / MRA lesions) present at the 
time of inclusion. It will be done to the blind 
analysis by the DBIM which will not have the 
notion of the evolution to 1 year of the cerebral 
vasculopathy. 
 
The matching makes it possible to take into 
account the factors of confusion of the 
comparison of these two groups. The factors 
selected are age (± 1 year), alloimmunization level 
(0, 1 or several allo-Antibodies) and the 
vasculopathy profile (ie, stenoses already present 
or not with the MRA, presence or not of ischemic 
lesions on MRI). 
To increase the potency of the comparison tests, 

Methodology  :  
 

The study is of type exposed (transplanted) - 
unexposed (transfused). 
The treatment groups will be compared after 
pairing with a propensity score including age, 
alloimmunization level and vasculopathy profile. 
Pair matching of the propensity score (including 
age, number of possible alloantibodies, number 
of stenoses and / or MRI / MRA ischemic lesions 
present at the time of inclusion) will be done 
during the blind analysis by the DBIM who will 
not have the notion of the 1 year evolution of 
cerebral vasculopathy. 

 
The matching makes it possible to take into 
account the factors of confusion of the 
comparison of the fates of these two groups. 

 

Precision of the type of study 
 
Use of statistical method 
appropriate to causal inference in 
the absence of randomization, ie 
the matching of the propensity to 
receive the new treatment (here the 
transplantation) 
 



   

 

 

DREPAGREFFE Trial                 Page 44 / 73 
    

two unexposed subjects will be matched as much 
as possible to each exposed subject. The 
possibility of matching to a single other child is not 
a factor in the exclusion of the child 

Primary outcome 
The average at 1 year of the velocities (TAMV) of 
the right and left middle cerebral arteries 

Primary outcome 
TAMV recorded in the artery with the highest 
TAMV value at 1 year post-inclusion 

 

Estimated duration of research 
Estimated total duration of the research (duration 
of inclusion and duration of participation) 
The duration of inclusion is 2 years, the follow-up 
period is 1 year (post-transplant or prolongation of 
the PT), or a total duration of 3 years. 

 
 

Estimated duration of research 
Estimated total duration of the research 
(duration of inclusion and duration of 
participation) 
The duration of inclusion is 2 years 6 months, 
the follow-up period is 3 years (post-transplant 
or prolongation of the PT), or a total duration of 
5 years 6 months. 
 

qs 

Follow-up visits  
 

 

Follow-up visits (add) 

Follow-up after 12 months will be identical to 
that performed in the course of care, except for 
cognitive tests 
.  

 

Usual cohort follow-up (TCD, MRI) 
but Cognitive tests to be redone 
 

Description of methods Statistics 

... 
A Fine and Gray model will allow comparison of 
the two groups by taking into account the 
confounding factors, either by an adjustment 
(unmatched factors) or by a mixed effect 
(matched factors, source of intra-cluster 

Description of methods Statistics 

... 
A match on the propensity score will make it 
possible to compare the two groups by taking 
into account the confounding factors 
. 

Accuracy of analysis due to change 
of matching method 
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correlation). 

Expected number of people to be included 

For an alpha risk of 5% and a potency of 80%, 21 
children should be included in the 
"Transplantation" group and 42 subjects in the 
"Extended chronic Transfusion" group to 
demonstrate a difference of 140 to 100 cm/s over 
the mean of the arterial velocities at 1 year 
(assuming a standard deviation of 40 cm/s, as 
suggested by previous data and prevalence of 
1/3). 
To increase the potency of the comparison tests, 
two unexposed subjects will be matched as much 
as possible to each exposed subject. The 
possibility of matching to a single other child is not 
a factor in the exclusion of the child. 

Expected number of people to be included 

For an alpha = 5% risk and a power of 80%, 63 
subjects should be included to demonstrate a 
difference of 140 to 100 cm/s on the average of 
the cerebral arteries at 1 year (assuming 
standard deviation at 40 cm/s, as suggested by 
previous data and a prevalence of 1/2). 
 

Accuracy of the total workforce 
alone (qs) 
 

 2045 
 2046 
 2047 

 2048 

 2049 

 2050 

 2051 

 2052 
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DREPAGREFFE 2053 
Title: National multicenter prospective study comparing the results of genoidentical allograft 2054 
to the transfusion program in sickle cell anemia children with cerebral vasculopathy detected 2055 

by transcranial Doppler. 2056 
Study Design: Non-randomized, multicenter, national prospective trial 2057 

 2058 
Statistical Analysis Plan 2059 

 2060 
 2061 

Date, 26 OCT 2010 2062 

 2063 
 2064 
1 DESCRIPTION OF THE STATISTICAL METHODS  2065 
 2066 
After monitoring, data processing will be carried out in accordance with the principles of the 2067 
Guide to Good Clinical Practices of the European Community. Specifically, the data will be 2068 
entered using a two-way procedure, under a database manager ACCESS for Windows. They 2069 
will be validated after input, before the start of the statistical analysis (from the issuing of 2070 
requests to the CRAs and clinicians involved in the study). 2071 
 2072 
The statistical analysis will be carried out at the department of biostatistics and medical 2073 
informatics of the Saint Louis hospital (Paris) on SAS software (SAS Inc, Cary, NC) and R 2074 
(https://www.R-project.org/). The main analysis will be carried out using the intention to treat 2075 
principle, that is, all children included, whether or not they received the treatment in its 2076 
entirety, will be considered in the analyses. For exploratory purposes, a per-protocol analysis 2077 
will be carried out in a second step, with only children treated according to the therapeutic 2078 
protocol of their group. 2079 
 2080 
 The percentage of patients with velocity normalization will be estimated by a non-parametric 2081 
approach. Deaths before normalization will be considered as a competitive risk of the event 2082 
of interest. A Fine and Gray model will allow comparison of the two groups by taking into 2083 
account the confounding factors, either by an adjustment (unmatched factors) or by a mixed 2084 
effect (matched factors, source of intra-cluster correlation). 2085 
 2086 
The same approach will be applied to secondary endpoints (incidence of ischemic stroke, 2087 
incidence of ischemic lesions and stenoses, cognitive performance, alloimmunization). The 2088 
modeling of stroke-free survival will be based on the Kaplan-Meier estimate and the Cox 2089 
model. 2090 
 2091 
The costs will be compared between the two groups by nonparametric tests to account for 2092 
the non-normal distribution (skewedness). High cost predictors / explanatory factors will be 2093 
sought by multivariate analysis. 2094 
 2095 
The significance level will be 5% and all tests will be two-sided. 2096 
 2097 
 2098 
2 PROPOSED NUMBER OF PERSONS TO BE INCLUDED IN RESEARCH 2099 
 2100 
For an type I error rate of 5% and a statistical power of 80%, 21 children should be included 2101 
in the "Transplantation" group and 42 subjects in the "Extended Transfusion Program" group 2102 
to demonstrate a difference of 140 to 100 cm/s on the mean arterial velocities at 1 year 2103 
(assuming a standard deviation of 40 cm/s, as suggested by previous data). 2104 
There will be no randomization but the distribution between the two groups will be linked to 2105 
the chance of having a family genoidentical donor. 2106 
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The matching makes it possible to take into account the factors of confusion of the 2107 
comparison of the two groups. The matching factors selected are age (± 1 year), 2108 
alloimmunization level (0, 1 or several allo-antibody) and the vasculopathy profile (ie, 2109 
stenoses already present or not with the MRA, presence or not of ischemic lesions on MRI). 2110 
 2111 
To increase the power of the comparison tests, two unexposed subjects will be matched as 2112 
much as possible to each exposed subject. The possibility of matching to a single other child 2113 
is not a factor in the exclusion of the child. 2114 
 2115 
3 METHOD OF TAKING INTO ACCOUNT MISSING, UNUSED OR UNAUTHORIZED DATA 2116 
 2117 
Any patient included will be taken into account in the analysis until the interruption of his 2118 
follow-up if necessary.  2119 
We will try to document the reasons for leaving the study. 2120 
 2121 
4 MANAGING CHANGES IN THE INITIAL STRATEGY ANALYSIS PLAN 2122 
 2123 
Any significant changes to the analysis scheme will be submitted to the ethics committee for 2124 
approval as an amendment to the study. 2125 
 2126 
5 CHOICE OF PERSONS TO BE INCLUDED IN ANALYZES 2127 
 2128 
Since the analysis is defined as intention to treat, all patient data included in the study will be 2129 
taken into account in the statistical analysis of the study. 2130 
  2131 
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 2132 
 2133 

Date, 19 JUN 2013 2134 

 2135 
1. DESCRIPTION OF THE STATISTICAL METHODS 2136 
  2137 
After monitoring, data processing will be carried out in accordance with the principles of the 2138 
Guide to Good Clinical Practices of the European Community. Specifically, the data will be 2139 
entered using a two-way procedure, under a database manager ACCESS for Windows. They 2140 
will be validated after input, before the start of the statistical analysis (from the issuing of 2141 
requests to the CRAs and clinicians involved in the study). 2142 
 2143 
The statistical analysis will be carried out at the department of biostatistics and medical 2144 
informatics of the Saint Louis hospital (Paris) on SAS software (SAS Inc, Cary, NC) and R 2145 
(https://www.R-project.org/). Primary analyses will be done according to the intention-to-treat 2146 
principle, with group allocation based only on genoidentical donor availability and thus by 2147 
genetic or “Mendelian” randomization.  2148 
 2149 
For sensitivity analyses, we will use the propensity score-matching methodology to control 2150 
for residual confounding by indication. Indeed, matching on the propensity score will allow 2151 
the two groups to be compared, taking into account the confounding factors. 2152 
All statistical tests will be two-sided, with p-values of 0.05 or less denoting statistical 2153 
significance. 2154 
 2155 
 2156 
2. PROPOSED NUMBER OF PERSONS TO BE INCLUDED IN RESEARCH 2157 
 2158 
For type I error rate of 5% and a statistical power of 80%, 63 children should be included to 2159 
demonstrate a difference of 1.4 to 1.0 on the relative mean difference in the outcome at 1 2160 
year (assuming standard deviation at 0.4, as suggested by previous data, and a prevalence 2161 
of 1/2). 2162 
 2163 
3. METHOD OF TAKING INTO ACCOUNT MISSING, UNUSED OR UNAUTHORIZED DATA 2164 
 2165 
Any patient included will be taken into account in the analysis until the interruption of his 2166 
follow-up if necessary. We will try to document the reasons for leaving the study. 2167 
 2168 
4. MANAGEMENT OF AMENDMENTS TO THE INITIAL STRATEGY ANALYSIS PLAN 2169 
 2170 
Any significant changes to the analysis scheme will be submitted to the ethics committee for 2171 
approval as an amendment to the study. 2172 
 2173 
5. CHOICE OF PERSONS TO BE INCLUDED IN ANALYSIS 2174 
 2175 
Since the analysis is defined as intention to treat, all patient data included in the study will be 2176 
taken into account in the statistical analysis of the study. 2177 
  2178 
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 2179 
 2180 

Summary of changes 2181 
 2182 
 2183 
- The sample size computation has been modified to handle the observed prevalence 2184 
of genoidentical donors 2185 
 2186 
- The  matching on the propensity score of having a genoidentical donor has been 2187 
considered (rather than individual matching on confounders) 2188 
  2189 
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Manuscript 2190 

“Prospective Comparison of Matched-Sibling Donor Transplantation vs 2191 

Standard-Care for Abnormal-Transcranial Doppler in Children with Sickle Cell 2192 

Anemia”  2193 

Subtitle: A Prospective Mendelian Randomized Trial 2194 
 2195 

 2196 

Summary of registration and first inclusion dates: 2197 

 2198 

6. Registration : 2199 

- Study protocol registration by the competent French health authorities (AFSSAPS): 2200 

27 July 2010, #EudraCT 2009-A01213-54 2201 

- Study protocol approved by the local independent ethics committee (Comité de 2202 

Protection des Personnes CPP Ile de France IV, Saint Louis): 18 Jan 2010 2203 

- Clinicaltrials.gov registration: 21 April 2011  2204 

7. Inclusions 2205 

- Inclusions before study protocol registration to the competent French health 2206 

authorities : none 2207 

- First inclusion: 31 Dec 2010  2208 

- Inclusions before clinicaltrials.gov registration: 4 patients, included on 31 Dec 2010 2209 

(n=2), 23 March 2011 and 20 April 2011, respectively. 2210 

 2211 

8. Attached documents 2212 

- Study protocol registration by the competent French health authorities document  2213 

- Study protocol approved by the local independent ethics committee (Comité de 2214 

Protection des Personnes CPP Ile de France IV, Saint Louis) 2215 

-  2216 

 2217 

 2218 

Françoise BERNAUDIN, MD on behalf of all authors 2219 

 2220 

  2221 



   

 

 

DREPAGREFFE Trial                 Page 51 / 73 
    

 2222 

 2223 



   

 

 

DREPAGREFFE Trial                 Page 52 / 73 
    

 2224 



   

 

 

DREPAGREFFE Trial                 Page 53 / 73 
    

 2225 



   

 

 

DREPAGREFFE Trial                 Page 54 / 73 
    

 2226 



   

 

 

DREPAGREFFE Trial                 Page 55 / 73 
    

 2227 

 2228 



   

 

 

DREPAGREFFE Trial                 Page 56 / 73 
    

 2229 



   

 

 

DREPAGREFFE Trial                 Page 57 / 73 
    

 2230 

 2231 



   

 

 

DREPAGREFFE Trial                 Page 58 / 73 
    

 2232 

 2233 



   

 

 

DREPAGREFFE Trial                 Page 59 / 73 
    

 2234 

 2235 



   

 

 

DREPAGREFFE Trial                 Page 60 / 73 
    

 2236 

 2237 

 2238 

 2239 



   

 

 

DREPAGREFFE Trial                 Page 61 / 73 
    

 2240 

 2241 

 2242 



   

 

 

DREPAGREFFE Trial                 Page 62 / 73 
    

 2243 

 2244 

 2245 



   

 

 

DREPAGREFFE Trial                 Page 63 / 73 
    

 2246 

 2247 



   

 

 

DREPAGREFFE Trial                 Page 64 / 73 
    

 2248 

 2249 

 2250 



   

 

 

DREPAGREFFE Trial                 Page 65 / 73 
    

 2251 

 2252 



   

 

 

DREPAGREFFE Trial                 Page 66 / 73 
    

 2253 

 2254 



   

 

 

DREPAGREFFE Trial                 Page 67 / 73 
    

 2255 

 2256 



   

 

 

DREPAGREFFE Trial                 Page 68 / 73 
    

 2257 

 2258 



   

 

 

DREPAGREFFE Trial                 Page 69 / 73 
    

 2259 

 2260 



   

 

 

DREPAGREFFE Trial                 Page 70 / 73 
    

2261 
 2262 



   

 

 

DREPAGREFFE Trial                 Page 71 / 73 
    

2263 
 2264 



   

 

 

DREPAGREFFE Trial                 Page 72 / 73 
    

2265 
 2266 



   

 

 

DREPAGREFFE Trial                 Page 73 / 73 
    

 2267 

 2268 


