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Abstract: Background: DOVE (Determining Effects of Platelet Inhibition on Vaso-Occlusive Events) 

was a Phase 3, randomized, double-blind, placebo-controlled study conducted in children with 

sickle cell anemia at 51 sites in 13 countries across four continents. Procedure: Data from DOVE 

were assessed for regional differences in subject phenotype and treatment. Demographics, baseline 

clinical and laboratory data, hydroxyurea (HU) use, vaso-occlusive crisis (VOCs; composite 

endpoint of painful crisis or acute chest syndrome (ACS, Beijing, China)), serious adverse events 

(SAEs, Florence, Italy), hospitalization, and treatments were compared across the Americas, Europe, 

North Africa/Middle East, and Sub-Saharan Africa (SSA). Results: Race, body mass index, and blood 

pressures differed by region. Pre-enrollment VOCs were highest in the Americas. For subjects not 

on HU, baseline hemoglobin was lowest in SSA; reticulocyte count was lowest in the Americas. 

Within SSA, Kenya subjects presented higher baseline hemolysis. Painful crisis was the most 

common SAE, followed by ACS in the Americas and infections in other regions. VOC rate and 

percentage of VOC hospitalizations were highest in Europe. Regardless of region, most VOCs were 

treated with analgesics; approximately half were treated with intravenous fluids. The proportion of 

VOC-related transfusions was greatest in Europe. Lengths of hospital stay were similar across 

regions. Conclusions: Overall differences in SAEs and hospitalization for VOCs may be due to 

cultural diversities, resource utilization, disease severity, or a combination of factors. These data are 

of importance for the planning of future trials in SCA in a multinational setting. 

Keywords: sickle cell disease; geographic; phenotypic pattern; vaso-occlusive crises (voc); global 

 



J. Clin. Med. 2019, 8, 2009 2 of 11 

 

1. Introduction 

Sickle cell anemia (SCA) is a monogenic blood disorder that affects more than 300,000 newborns 

worldwide each year [1]. The majority of affected births occur in the developing world, with an 

estimated 237,000 infants with SCA born annually in Sub-Saharan Africa (SSA) [1] SCA manifests 

phenotypic variability, ranging from early-onset debilitating pain in early childhood, stroke, and 

severe infections, to asymptomatic cases [2,3]. A substantial proportion of these differences can be 

accounted for by genetic factors, such as fetal hemoglobin level or alpha-thalassemia co-inheritance [4]. 

However, phenotypic variability may also be affected by factors such as climate, access to or quality 

of medical care, and adherence to prophylactic treatment [5–7]. 

DOVE (Determining Effects of Platelet Inhibition on Vaso-Occlusive Events) was a Phase 3, 

double-blind, placebo-controlled, parallel-groups, multinational study designed to assess the efficacy 

and safety of prasugrel, a P2Y12 adenosine diphosphate receptor antagonist, for reduction of vaso-

occlusive crises (VOCs) in children with SCA. DOVE was one of the largest, randomized, placebo-

controlled studies of children with SCA, conducted at 51 sites in 13 countries across four continents: 

the Americas, Europe, North Africa/Middle East, and SSA (Figure 1). In each country, the study was 

approved by national regulatory authorities and by local ethics committees, institutional review 

boards, or both, and abided by local regulations. The design [8] and outcomes [9] of DOVE have been 

described previously. 

Because DOVE recruited subjects with SCA only (homozygous hemoglobin S [HbSS] and 

hemoglobin Sβ (0) thalassemia (HbSβ0))—genotypes with similar features [10]—geographic 

differences in pre-study and intra-study disease may be ascribed to other factors. Data from DOVE 

were analyzed for regional differences in subject demographics and baseline clinical characteristics, 

baseline laboratory values, environmental factors, such as malaria infection, and therapeutic 

interventions, such as hydroxyurea (HU) utilization. The study demonstrated that large-scale 

multinational trials are possible in SCA regardless of regional differences. 

 

Figure 1. Percent enrollment per region: N, number of randomized subjects; UK, United Kingdom; 

US, United States. 

2. Methods 

2.1. Study Population 

A total of 341 children, aged 2 to <18 years, with SCA, who had at least two documented VOCs 

in the previous year, were randomized. VOC was the composite endpoint of painful crisis or acute 

chest syndrome (ACS, Beijing, China). HU therapy was allowed if subjects were on a stable dose for 

at least 60 days prior to randomization. Subjects aged 2 to 16 years with abnormal or conditional 
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transcranial Doppler within the past year were excluded. Other selection criteria have been described 

previously [8,9]. 

2.2. Randomization and Masking 

Subjects were randomized 1:1 in a double-blind fashion to prasugrel (n = 171) or placebo (n = 

170), with treatment assignment balanced by HU use, country, and age group (cohorts: 2 to <6 years, 

6 to <12 years, and 12 to <18 years) [8,9]. 

2.3. Statistical Analyses 

Analyses for baseline characteristics and efficacy endpoints were performed with data from the 

intent-to-treat population; safety analyses were performed with data from subjects who received at 

least one dose of the study drug. Both arms (prasugrel and placebo) were pooled in all analyses for 

this study. VOC event rates were compared among geographic regions using the Andersen–Gill 

model. A robust variance estimator was used with geographic region, HU use, and age group 

included as factors in the model. For all other statistical comparisons among geographic regions, a 

Fisher’s exact test was used for categorical variables; an ANOVA model, adjusting for age group and 

HU use, was used for continuous variables. 

3. Results 

3.1. Demographics of the Study Population 

The highest enrolling regions were SSA (N = 148) and North Africa/Middle East (N = 110), 

followed by the Americas (N = 57) and Europe (N = 26). The majority of enrolled subjects had the 

HbSS genotype, accounting for 77.3% of subjects from North Africa/Middle East, 84.6% from Europe, 

93.0% from the Americas, and 100% from SSA. As shown in Table 1, the highest proportion of 2- to 

<6-year-olds enrolled in Europe, 6- to <12-year-olds enrolled in SSA, and 12- to <18-year-olds enrolled 

in North Africa/Middle East. Racial groups differed by region, with the percentage of subjects self-

reporting as “white” ranging from 0% (SSA) to 100% (North Africa/Middle East). Approximately 50% 

of subjects from each region were female. 

Table 1. Key demographics of subjects enrolled in the DOVE study in the different geographic 

regions. 

Parameter Assessed 

Geographic Regions a 
Total  

(N = 341) 
p-Value SSA  

(N = 148) 

Americas  

(N = 57) 

North Africa/ 

Middle East (N = 110) 

Europe  

(N = 26) 

Mean Age in Years (SD) 9.7 (3.9) 11.1 (4.2) 12.0 (4.6) 8.7 (4.3) 10.6 (4.3) 0.020 

Age Group (n (%))      <0.001 

2 to <6 years  32 (21.6) 9 (15.8) 17 (15.5) 9 (34.6) 67 (19.6)  

6 to <12 years 72 (48.6) 22 (38.6) 29 (26.4) 9 (34.6) 132 (38.7)  

12 to <18 years  44 (29.7) 26 (45.6) 64 (58.2) 8 (30.8) 142 (41.6)  

Gender (n (%))      0.733 

Female  75 (50.7) 32 (56.1) 52 (47.3) 14 (53.8) 173 (50.7)  

Race (n (%)) b      <0.001 

White  0 (0.0) 1 (1.8) 110 (100.0) 5 (19.2) 116 (34.1)  

Black or African American  148 (100.0) 54 (96.4) 0 (0.0) 20 (76.9) 222 (65.3)  

Multiple  0 (0.0) 1 (1.8) 0 (0.0) 1 (3.8) 2 (0.6)  
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Abbreviations: N = number of subjects in the specified category; N = number of randomized subjects; 

SD = standard deviation; SSA = Sub-Saharan Africa. (a) The SSA subgroup includes Ghana and Kenya; 

the Americas subgroup includes Brazil, the United States, and Canada; the North Africa/Middle East 

subgroup includes Saudi Arabia, Oman, Egypt, Lebanon, and Turkey; the Europe subgroup includes 

Belgium, Italy, and the United Kingdom (Heeney et al.) [9]. (b) Refers to self-reported race. 

3.2. Medical History and Baseline Clinical Characteristics 

Body mass index (BMI) was lower in subjects from SSA and Europe than other regions (Table 2). 

Subjects from SSA had the lowest systolic and diastolic blood pressures (Table 2). Among 6 to <12-

year-olds, subjects from SSA had the lowest systolic blood pressure. Among 12 to <18-year-olds, 

subjects from SSA had the lowest diastolic blood pressure (Supplementary Table S1). 

HU use at baseline differed by region: 6.8% of subjects in SSA (0% in Ghana), 42.3% in Europe, 

72.7% in North Africa/Middle East, but 91.2% in the Americas (Table 2). In the Americas, mean 

number of VOCs in the year prior to enrollment was higher than other regions. Pre-study VOCs were 

primarily due to painful crisis rather than ACS; approximately 22% of the subjects reported history 

of ACS, half of whom were enrolled in the Americas (38 of 76 subjects) (Table 2). 

In DOVE, 31 subjects reported a history of splenic sequestration, with the highest proportions 

enrolled in the Americas (38.7% (12 of 31 subjects)) and North Africa/Middle East (32.3% (ten of 31 

subjects)). Similarly, the majority of subjects with a history of splenectomy were from the Americas 

(34.4% (11 of 32 subjects)) or North Africa/Middle East (62.5% (20 of 32 subjects)) (Table 2). However, 

North Africa/Middle East was the only region with a greater proportion of subjects having undergone 

splenectomy compared to the proportion reporting a history of splenic sequestration (Table 2). 

Further examination showed that six of the 20 subjects from this region with previous splenectomy 

had the HbSβ0 genotype. 

Table 2. Key baseline characteristics that significantly differed among the geographic regions. 

Parameter Assessed 

Geographic Regions a 

Total  

(N = 341) 
p-Value SSA  

(N = 148) 

Americas 

(N = 57) 

North 

Africa/ 

Middle East  

(N = 110) 

Europe (N 

= 26) 

HU Use at Baseline,  

n (%)  
10 (6.8) 52 (91.2) 80 (72.7) 11 (42.3) 153 (44.9) <0.001 

BMI (kg/m2),  

mean (SD)  
15.3 (2.0) 18.1 (3.5) 18.3 (3.6) 16.5 (2.9) 16.8 (3.2) <0.001 

Blood Pressure, Systolic  

(mmHg), mean (SD)  
99.0 (9.7) 

108.0 

(10.7) 
105.4 (11.7) 

105.6 

(12.0) 

103.0 

(11.3) 
0.004 

Blood Pressure, Diastolic 

(mmHg), mean (SD)  
58.3 (6.9) 61.1 (7.3) 62.9 (9.4) 60.4 (8.5) 60.4 (8.2) 0.003 

No. of VOCs in Prior Year,  

mean (SD)  
3.4 (1.7) 5.8 (13.5) 3.2 (1.8) 3.2 (1.6) 3.7 (5.8) 0.041 

Diagnosed with ACS Pre-

enrollment, n (%)  
9 (6.1) 38 (66.7) 20 (18.2) 9 (34.6) 76 (22.3) <0.001 

Diagnosed with Splenic 

Sequestration Pre-enrollment, 

n (%) 

7 (4.7) 12 (21.1) 10 (9.1) 2 (7.7) 31 (9.1) 0.007 

Undergone Splenectomy Pre-

enrollment, n (%) 
0 (0.0) 11 (19.3) 20 (18.2) 1 (3.8) 32 (9.4) <0.001 

Abbreviations: ACS = acute chest syndrome; BMI = body mass index; HU = hydroxyurea; n = number 

of subjects in the specified category; N = number of randomized subjects; No. = number; SD = standard 

deviation; SSA = Sub-Saharan Africa; VOCs = vaso-occlusive crises. (a) The SSA subgroup includes 
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Ghana and Kenya; the Americas subgroup includes Brazil, the United States, and Canada; the North 

Africa/Middle East subgroup includes Saudi Arabia, Oman, Egypt, Lebanon, and Turkey; the Europe 

subgroup includes Belgium, Italy, and the United Kingdom (Heeney et al.) [9]. 

3.3. Baseline Laboratory Values  

Subjects Not on HU Therapy: Reticulocyte count was highest in SSA and lowest in the Americas 

whereas hemoglobin level was lowest in SSA and highest in the Americas (Table 3). Baseline platelet 

counts were highest in subjects from SSA compared to other regions (Table 3). In contrast, platelet 

volume was highest in the Americas and Europe but lowest in SSA. There were no regional 

differences observed for total bilirubin, lactic dehydrogenase, mean cell volume, or leukocyte count 

(Table 3). Further analysis of subjects from SSA showed that total bilirubin, platelet count, 

reticulocyte count, and leukocyte count were significantly higher in subjects from East Africa (Kenya) 

compared to West Africa (Ghana) (Supplementary Table S2). 

Subjects on HU Therapy: Few regional differences in baseline laboratory values were observed. 

Mean baseline platelet volume was lowest in SSA compared to the other regions (8.3 vs. ≥9.0 fL; p = 

0.002), whereas mean reticulocyte count was higher in SSA (275.9 vs. ≤189.7 × 109/L; p = 0.027). 

Leukocyte count was highest in SSA and North Africa/Middle East (11.3 and 11.0 × 109/L, 

respectively) and lowest in the Americas and Europe (8.5 and 7.8 × 109/L, respectively) (p = 0.006). 

Table 3. Key baseline laboratory values by region for subjects not on HU. 

Parameter Assessed (Mean 

(SD)) 

Geographic Regions a 

p-

Value SSA 

(n = 131) 

Americas  

(n = 4) 

North 

Africa/ 

Middle East  

(n = 28) 

Europe  

(n = 15) 

Total Bilirubin (µM/L)  39.2 (27.2) 24.8 (7.8) 41.6 (29.6) 33.8 (8.7) 0.729 

Hemoglobin (mg/L)  47 (0.6) 62 (0.8) 53 (1.0) 52 (0.5) <0.001 

Lactic Dehydrogenase (units/L)  
569.6 

(159.9) 

554.7 

(311.3) 
495.3 (216.9) 

519.4 

(140.4) 
0.272 

Mean Cell Volume (fL)  84.7 (10.2) 89.3 (10.8) 85.4 (11.6) 85.5 (5.9) 0.812 

Platelet Volume (fL) 9.0 (0.7) 10.1 (1.3) 9.9 (1.4) 10.1 (1.4) <0.001 

Platelet Count (×10
9
/L)  

440.3 

(141.7) 

330.3 

(167.8) 
332.2 (176.3) 331.7 (91.5) <0.001 

Reticulocyte Count (×10
9
/L)  

318.6 

(117.8) 
214.8 (75.4) 238.9 (107.7) 

327.8 

(101.1) 
0.004 

Leukocyte Count (×10
9
/L) 15.0 (4.4) 11.6 (7.3) 12.7 (6.0) 14.0 (5.8) 0.061 

Abbreviations: HU = hydroxyurea; n = number of subjects with at least 1 parameter measured at 

baseline; SD = standard deviation; SSA = Sub-Saharan Africa. (a) The SSA subgroup includes Ghana 

and Kenya; the Americas subgroup includes Brazil, the United States, and Canada; the North 

Africa/Middle East subgroup includes Saudi Arabia, Oman, Egypt, Lebanon, and Turkey; the Europe 

subgroup includes Belgium, Italy, and the United Kingdom (Heeney et al.) [9]. 

3.4. Vaso-Occlusive Crises during the Study 

During DOVE, 818 VOCs were documented and experienced by 238 of the 341 subjects enrolled, 

with the majority of VOCs reported as painful crisis (96%) and very few reported as ACS (4%). The 

overall rate of VOCs (events per patient-year) differed by region (p = 0.003): 3.2 in Europe, 3.0 in the 

Americas, 2.6 in SSA, and 2.0 in North Africa/Middle East. The highest proportion of subjects who 
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experienced ACS occurred in Europe (30.8%) compared to other regions (SSA, 4.1%; North 

Africa/Middle East, 6.4%; the Americas, 15.8%). 

The percentage of VOCs associated with hospitalization during the study was highest in Europe, 

followed by North Africa/Middle East, the Americas, and SSA (Figure 2). However, the mean length 

of hospital stay per VOC was similar across regions (5.3–6.2 days, p = 0.32). In SSA, the majority of 

VOCs were managed as outpatient hospital visits whereas subjects from other regions were more 

likely to be admitted to the hospital (Table 4). Telephone consultation for VOCs was used mainly in 

the Americas and North Africa/Middle East, whereas home support visits for VOCs (including 

follow-up telephone calls for painful crisis) were utilized most often in Europe (Table 4). 

Table 4. Management of VOCs during the DOVE study. 

Parameter Assessed (n (%)) 

Geographic Regions a  

SSA  

(N = 148) 

Americas  

(N = 57) 

North Africa/ 

Middle East  

(N = 110) 

EuropeZ  

(N = 26) 

Total  

(N = 341) 

Total Number of VOCs  296 200 226 96 818 

Location of Medical Intervention b      

VOCs managed by outpatient hospital visit  201 (67.9) 10 (5.0) 44 (19.5) 6 (6.3) 261 (31.9) 

VOCs managed by inpatient hospital visit  71 (24.0) 89 (44.5) 75 (33.2) 53 (55.2) 288 (35.2) 

VOCs managed by home support visits c 10 (3.4) 18 (9.5) 1 (0.5) 16 (18.4) 45 (5.7) 

VOCs managed by telephone consultation c 5 (1.7) 52 (27.4) 46 (21.1) 5 (5.7) 108 (13.8) 

VOCs managed by emergency room visit 9 (3.0) 24 (12.0) 58 (25.7) 16 (16.7) 107 (13.1) 

Types of Medical Intervention      

VOCs requiring analgesics  295 (99.7) 199 (99.5) 224 (99.1) 96 (100.0) 814 (99.5) 

VOCs requiring IV fluids  136 (45.9) 113 (56.5) 150 (66.4) 46 (47.9) 445 (54.4) 

VOCs requiring transfusion  19 (6.4) 20 (10.0) 42 (18.6) 18 (18.8) 99 (12.1) 

Abbreviations: ACS = acute chest syndrome; IV = intravenous; n = number of events in the specified 

category; N = number of randomized subjects; SSA = Sub-Saharan Africa; VOCs = vaso-occlusive 

crises. (a) The SSA subgroup includes Ghana and Kenya; the Americas subgroup includes Brazil, the 

United States, and Canada; the North Africa/Middle East subgroup includes Saudi Arabia, Oman, 

Egypt, Lebanon, and Turkey; the Europe subgroup includes Belgium, Italy, and the United Kingdom 

(Heeney et al.) [9]. 
(b)

 Professional health care office/clinic visits and urgent care visits are not included 

in the table since all regions utilized them for ≤2% of VOCs. 
(c) Home support visits and telephone 

consultations were available for episodes of painful crisis only, not ACS. 
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Figure 2. Percentage of vaso-occlusive crises associated with hospitalization during the DOVE study. 

Note: locations could have included inpatient hospitalizations, outpatient hospitalizations, and 

emergency room visits: n, number of events in the specified category; VOCs, vaso-occlusive crises. 

3.5. Serious Adverse Events during the Study 

The percentage of subjects with at least one serious adverse event (SAE) during the study was 

44.6% in SSA, 55% in North Africa/Middle East, 63.2% in the Americas, and 84.6% in Europe. The 

most frequent SAE in all regions was painful crisis (SSA, 27%; North Africa/Middle East, 44%; the 

Americas, 57.9%; Europe, 69.2%). The second most frequent SAE was ACS in the Americas (12.3%), 

malaria in SSA (14.2%), acute tonsillitis in North Africa/Middle East (2.8%), and viral respiratory tract 

infections in Europe, the majority of which were respiratory (23.1%). 

Malaria infection was reported only for SSA. Further analysis showed that 40.4% of subjects 

from Ghana and 48.4% of subjects from Kenya reported malaria during the study but only 17.5% and 

12.1%, respectively, were designated as SAEs. All cases reported as SAEs were associated with 

hospitalization. 

3.6. Therapeutic Interventions during the Study 

Regardless of region, almost all VOCs were treated with analgesics and approximately half were 

treated with intravenous (IV) fluids. In contrast, the proportion of VOC-related transfusions was 

greater in Europe and North Africa/Middle East than other regions (Table 4). 

Whole blood was used for transfusion primarily in SSA and to a much lesser extent in North 

Africa/Middle East, but was not used in the Americas or Europe. All regions used packed red blood 

cells; SSA was the only region where leukoreduced blood components were not used. Transfusion 

with fresh frozen plasma or platelets was rare and was utilized for only one subject each in North 

Africa/Middle East. 

4. Discussion 

DOVE was one of the largest Phase 3 studies of children with SCA and examined subject 

differences in phenotype, relevant clinical measurements, and treatment patterns across four major 
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continents. The majority of treatment-emergent VOCs during the study were reported as painful 

crisis (96%) compared to ACS (4%). 

Subjects from the Americas had the highest mean number of VOCs prior to enrollment and the 

second highest VOC rate during the study, despite the fact that majority were on HU therapy at the 

time of randomization. HU improves disease outcomes in subjects with SCA by increasing fetal 

hemoglobin and reducing the number of VOCs [11]. It is possible that children enrolled in the 

Americas may represent subjects with more severe disease with breakthrough pain despite HU use. 

Of interest, Kanter et al. [12] found that use of opioid, compared to non-opioid, analgesics in DOVE 

was higher in the Americas than in any other region. It is perhaps surprising that acute pain and ACS 

were least reported in SSA even though utilization of HU was limited. The potential reasons may 

include regional differences in subject selection; perhaps regions enrolling more limited numbers of 

subjects included individuals with more severe phenotypes, who were more willing to participate in 

a “new drug” trial, compared to SSA which had a larger subject pool from which to recruit 

participants. It is also likely that differences exist for pain perception, therapeutic approaches for 

pain, or external environmental factors (such as climate [7]), and account for the disparity. There are 

potential cultural differences in terms of family support through the network of the extended family 

that is likely offer supportive advice and assist in child care. In high income settings where parents 

may be first generation immigrants and lack the necessary support systems will rely on social and 

health systems as buffers. 

Painful crisis and ACS are the most common causes of hospitalization among children with SCA. 

[13,14] Study subjects from Europe had the highest percentage of VOC-associated hospitalizations 

whereas SSA had the lowest; however, mean length of hospital stay per VOC did not differ by region. 

The regional findings in VOC-associated hospitalizations did not appear to correspond with 

laboratory indices of anemia, hemolysis, or inflammation. Regional differences in organization of the 

health care system may account, at least in part, for these findings; for example, the availability of 

free health care in Europe compared to other regions could explain the higher rates of hospital 

admissions in this region. 

Children with SCA are at increased risk for infection. [15] In DOVE, infections were the second 

most frequent SAE in SSA, North Africa/Middle East, and Europe, with the types of infections 

varying by region. Malaria occurred only in SSA. An inverse relationship between malaria 

parasitemia and hemoglobin level has been identified [16] and may explain why subjects from SSA 

had the lowest concentrations of hemoglobin. 

Platelet counts were highest for subjects from SSA, which was associated with an expected lower 

mean platelet volume than other areas. This inverse relationship was found in all geographic regions 

of the DOVE study, and has been documented in healthy populations [17] Segal and Moliterno [18] 

found that subjects of African descent had higher platelet counts than other ethnic groups that were 

not the result of environmental factors and were possibly genetic and/or hormonally driven. Celik et 

al. [19] reported that platelet volume was higher in subjects with cerebrovascular events and 

increased with incidence of VOCs, suggesting that higher mean platelet volumes may be an early 

predictor of future cerebrovascular events. Although additional research would be required, it is 

interesting to note that subjects from SSA, who had the lowest mean platelet volume at baseline, also 

had low VOC rates during the study. Surprisingly, children in East Africa (Kenya) presented higher 

baseline indices of hemolysis compared to those in West Africa (Ghana); these data coincide with 

regional differences in malaria burden and warrant further investigations into the role of 

environmental or even genetic influences on laboratory values. 

Acute splenic sequestration is a life-threatening complication of SCA that is associated with high 

mortality rates and frequent recurrence in subjects surviving the first attack [20], especially in low-

income countries. Although splenectomy is often indicated for splenic sequestration [20], there is 

little data from clinical trials to show that the procedure improves survival and decreases morbidity 

in subjects with SCA [21]. In DOVE, a proportion of subjects from each region had splenic 

sequestration prior to enrollment; only the North Africa/Middle East region reported more subjects 

with a history of splenectomy compared to splenic sequestration. Literature suggests that subjects 



J. Clin. Med. 2019, 8, 2009 9 of 11 

 

may also undergo splenectomy for hypersplenism, splenic abscess, massive splenic infarction, or 

increased requirement for packed red blood cell transfusion [20–22], which may explain the findings 

in North Africa/Middle East. It would be of interest to study how age and indication for splenectomy 

vary across region and SCA genotype in future clinical trials developed at a global level. 

Even though subjects from SSA had the lowest BMI, comparing the mean age and BMI for each 

region to the Centers for Disease Control and Prevention charts [23] for boys and girls indicates that 

DOVE participants were of healthy/normal BMI. 

Patients with SCA have lower blood pressures than published norms [24–26]. In DOVE, subjects 

from SSA had lower blood pressures than subjects from other regions. Using charts published by 

Banker et al. [27] which assess blood pressure as a function of height, systolic and diastolic blood 

pressures of subjects enrolled in DOVE fell within the normal range except that systolic blood 

pressures of children from the Americas approached the pre-hypertensive range. This finding may 

be related to cultural differences in diet and exercise. 

Analgesics and IV fluids are commonly used to treat VOCs in subjects with SCA [28] and 

utilization of such supportive measures was similar across geographic regions in DOVE. During 

DOVE, subjects from Europe were most likely to receive a blood transfusion whereas subjects from 

SSA were least likely. Regional differences in transfusion criteria may explain these findings and may 

stem, at least in part, from regional differences in availability of blood products [29] or transfusion 

guidelines. 

In summary, the subjects of DOVE differed across regions with regard to baseline laboratory 

values, rate of VOCs during the study, and VOC-associated hospitalizations and transfusions. 

However, the management of VOCs with analgesics and IV fluids was similar across the regions. 

Regional differences in SCA clinical presentation or intra-study treatment during the DOVE study 

may have been influenced by regional differences in culture, utilization of resources, disease severity, 

climate, or a combination of factors. While the findings of the DOVE study reaffirm that pain is the 

most common complication of SCA, the observed regional differences in the study call for more 

detailed research to understand the impact of environmental determinants of pain and cultural 

approaches to therapeutic intervention. Several investigators have concerns about the feasibility of 

conducting trials in SCD outside Europe and North America. This study is proof that clinical trials 

are feasible in the continent with the largest burden of disease and stand to benefit the most from the 

success in new therapies. Gone are the days when they are just presented therapies as a given, it will 

make it possible to test and try the drugs within the local context. As new agents are identified that 

may impact the disease process in SCD it is imperative that large scale trials be conducted. These 

must, of necessity, involve sites in the Middle East and SSA in order to accrue sufficient patients. Our 

data clearly demonstrate that this is possible and that, regardless of regional differences in 

management, the disease process in SCA seems remarkably similar. 
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Abbreviation 

 Full Term or Phrase 

ACS acute chest syndrome 

BMI body mass index 

DOVE Determining Effects of Platelet Inhibition on Vaso-Occlusive Events 

HbSβ0 haemoglobin Sβ (0) thalassemia 

HbSS homozygous hemoglobin S 

HU hydroxyurea 

IV intravenous 

SAEs serious adverse events 

SCA sickle cell anemia 

SSA Sub-Saharan Africa 

VOCs vaso-occlusive crisis 

References 

1. Piel, F.B.; Patil, A.P.; Howes, R.E.; Nyangiri, O.A.; Gething, P.W.; Dewi, M.; Temperley, W.H.; Williams, T.N.; 

Weatherall, D.J.; Hay, S.I. Global epidemiology of sickle haemoglobin in neonates: A contemporary 

geostatistical model-based map and population estimates. Lancet 2013, 381, 142–151. 

2. Platt, O.S.; Thorington, B.D.; Brambilla, D.J.; Milner, P.F.; Rosse, W.F.; Vichinsky, E.; Kinney, T.R. Pain in 

sickle cell disease. Rates and risk factors. N. Engl. J. Med. 1991, 325, 11–16. 

3. Inati, A. Recent advances in improving the management of sickle cell disease. Blood Rev. 2009, 23 (Suppl. 

1), S9–S13. 

4. Habara, A.; Steinberg, M.H. Minireview: Genetic basis of heterogeneity and severity in sickle cell disease. 

Exp. Biol. Med. 2016, 241, 689–696. 

5. Davis, H.; Gergen, P.J.; Moore, R.M., Jr. Geographic differences in mortality of young children with sickle 

cell disease in the United States. Public Health Rep. 1997, 112, 52–58. 

6. Wang, C.J.; Kavanagh, P.L.; Little, A.A.; Holliman, J.B.; Sprinz, P.G. Quality-of-care indicators for children 

with sickle cell disease. Pediatrics 2011, 128, 484–493. 

7. Piel, F.B.; Tewari, S.; Brousse, V.; Analitis, A.; Font, A.; Menzel, S.; Chakravorty, S.; Thein, S.L.; Inusa, B.; 

Telfer, P.; et al. Associations between environmental factors and hospital admissions for sickle cell disease. 

Haematologica 2017, 102, 666–675. 

8. Hoppe, C.C.; Styles, L.; Heath, L.E.; Zhou, C.; Jakubowski, J.A.; Winters, K.J.; Brown, P.B.; Rees, D.C.; 

Heeney, M.M. Design of the DOVE (Determining Effects of Platelet Inhibition on Vaso-Occlusive Events) 

trial: A global phase 3 double-blind, randomized, placebo-controlled, multicenter study of the efficacy and 

safety of prasugrel in pediatric patients with sickle cell anemia utilizing a dose titration strategy. Pediatr. 

Blood Cancer 2016, 63, 299–305. 

9. Heeney, M.M.; Hoppe, C.C.; Abboud, M.R.; Inusa, B.; Kanter, J.; Ogutu, B.; Brown, P.B.; Heath, L.E.; 

Jakubowski, J.A.; Zhou, C.; et al. A multinational trial of prasugrel for sickle cell vaso-occlusive events. N. 

Engl. J. Med. 2016, 374, 625–635. 

10. Quinn, C.T. Minireview: Clinical severity in sickle cell disease: The challenges of definition and 

prognostication. Exp. Biol. Med. 2016, 241, 679–688. 



J. Clin. Med. 2019, 8, 2009 11 of 11 

 

11. Azar, S.; Wong, T.E. Sickle cell disease—A brief update. Med. Clin. North Am. 2017, 101, 375–393. 

12. Kanter, J.; Heath, L.E.; Knorr, J.; Agbenyega, E.T.; Colombatti, R.; Dampier, C.; Hassab, H.; Manwani, D.; 

Robitaille, N.; Brown, P.B.; et al. Novel findings from the multinational DOVE study on geographic and 

age-related differences in pain perception and analgesic usage in children with sickle cell anaemia. Br. J. 

Haematol. 2019, 184, 1058–1061. doi:10.1111/bjh.15250. 

13. Rees, D.C.; Williams, T.N.; Gladwin, M.T. Sickle-cell disease. Lancet 2010, 376, 2018–2031. 

14. Sant’Ana, P.G.; Araujo, A.M.; Pimenta, C.T.; Bezerra, M.L.; Junior, S.P.; Neto, V.M.; Dias, J.S.; Lopes, A.F.; 

Rios, D.R.; Pinheiro, M.B. Clinical and laboratory profile of patients with sickle cell anemia. Rev. Bras. 

Hematol. Hemoter. 2017, 39, 40–45. 

15. Ahmed, S.G. The role of infection in the pathogenesis of vaso-occlusive crisis in patients with sickle cell 

disease. Mediterr. J. Hematol. Infect. Dis. 2011, 3, e2011028. 

16. Mensah-Brown, H.E.; Abugri, J.; Asante, K.P.; Dwomoh, D.; Dosoo, D.; Atuguba, F.; Conway, D.J.; 

Awandare, G.A. Assessing the impact of differences in malaria transmission intensity on clinical and 

haematological indices in children with malaria. Malar. J. 2017, 16, 96. 
17. Thompson, C.B.; Jakubowski, J.A. The pathophysiology and clinical relevance of platelet heterogeneity. 

Blood 1988, 72, 1–8. 

18. Segal, J.B.; Moliterno, A.R. Platelet counts differ by sex, ethnicity, and age in the United States. Ann. 

Epidemiol. 2006, 16, 123–130. 

19. Celik, T.; Unal, S.; Ekinci, O.; Ozer, C.; Ilhan, G.; Oktay, G.; Arica, V. Mean platelet volume can predict 

cerebrovascular events in patients with sickle cell anemia. Pak. J. Med. Sci. 2015, 31, 203–208. 

20. Machado, N.O.; Grant, C.S.; Alkindi, S.; Daar, S.; Al-Kindy, N.; Al Lamki, Z.; Ganguly, S.S. Splenectomy 

for haematological disorders: A single center study in 150 patients from Oman. Int. J. Surg. 2009, 7, 476–481. 

21. Owusu-Ofori, S.; Hirst, C. Splenectomy versus conservative management for acute sequestration crises in 

people with sickle cell disease. Cochrane Database Syst. Rev. 2013, 31, CD003425. 

22. Al-Salem, A.H. Splenic complications of sickle cell anemia and the role of splenectomy. ISRN Hematol. 2011, 

2011, 864257. 

23. (CDC) Centers for Disease Control and Prevention resource page. About Child and Teen BMI. 2015. 

Available online: https://www.cdc.gov/healthyweight/assessing/bmi/childrens_bmi/about_childrens_bmi.html 

(accessed on 5 October 2018). 

24. Rodgers, G.P.; Walker, E.C.; Podgor, M.J. Is “relative” hypertension a risk factor for vaso-occlusive 

complications in sickle cell disease? Am. J. Med. Sci. 1993, 305, 150–156. 

25. Mohan, J.S.; Marshall, J.M.; Reid, H.L.; Serjeant, G.R. Daily variability in resting levels of cardiovascular 

variables in normal subjects and those with homozygous sickle cell disease. Clin. Auton. Res. 1995, 5, 129–134. 

26. Pegelow, C.H.; Colangelo, L.; Steinberg, M.; Wright, E.C.; Smith, J.; Phillips, G.; Vichinsky, E. Natural 

history of blood pressure in sickle cell disease: Risks for stroke and death associated with relative 

hypertension in sickle cell anemia. Am. J. Med. 1997, 102, 171–177. 

27. Banker, A.; Bell, C.; Gupta-Malhotra, G.; Samuels, J. Blood pressure percentile charts to identify high or 

low blood pressure in children. BMC Pediatr. 2016, 16, 98. 

28. Singh, P.C.; Ballas, S.K. Emerging drugs for sickle cell anemia. Expert Opin. Emerg. Drugs 2015, 20, 47–61. 

29. Blood Safety and Availability. 2017. Available online: 

http://www.who.int/mediacentre/factsheets/fs279/en/ (accessed on 5 October 2018). 

 

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 

article distributed under the terms and conditions of the Creative Commons 

Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


