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                                                            In sub-Saharan Africa, sickle cell anemia (SCA) remains a significant public health problem with high mortality: an estimated 50-90% of affected children die before 5 years of age.1 A high prevalence of stroke is particularly devastating for children and has substantial morbidity.32 Hydroxyurea is now recommended across the lifespan as a safe and effective disease-modifying therapy for SCA,54 but is not routinely available in sub-Saharan Africa.6
NOHARM (NCT01976416), a randomized double-blinded, placebo-controlled trial, was among the first prospective studies to investigate hydroxyurea treatment for children with SCA living in a malaria endemic region within Africa. The NOHARM trial consisted of a blinded phase (Year 1) and an open-label phase (Year 2).7 Initially children 1.00-4.99 years of age were randomized either to placebo or fixed-dose hydroxyurea (20 mg/kg/day). The Year 1 results demonstrated that short-term hydroxyurea treatment was both safe and efficacious in this young patient population living in a malarial endemic region. [8] We now analyze Year 2 data from the open-label phase, in which all NOHARM participants received hydroxyurea at 20 mg/kg/day, to compare the effects of hydroxyurea on SCA-related morbidity and also to provide serial transcranial Doppler (TCD) data, which were not included in the original randomized report.
NOHARM was conducted at the Mulago Hospital Sickle Cell Clinic in Kampala, Uganda. A detailed description of the study design, site, study participants, and process for the blinded phase has previously been published.87 All study participants were given the opportunity to receive open-label hydroxyurea for 12 months, after the first year of randomized treatment, since there was no evidence from interim analysis of harm for the hydroxyurea arm compared to placebo. Study outcomes included rates of clinical malaria, clinical sickle cell-related adverse events (AE), serious adverse events, hematological toxicities, and laboratory benefits, as well as TCD velocities. Ethical and regulatory approvals were obtained from appropriate institutional review and regulatory boards, and informed consent was obtained from the parents or legal guardians.109
Study participants received two TCD examinations, one at the end of randomized treatment (month 10 or 12) and again at the completion of open-label treatment (month 22 or 24). TCD screening was not performed at baseline because TCD equipment, training, and examiner certification were not available at study enrollment. All TCD examinations were performed by one certified examiner and the results were read offsite by experts as described.9 The maximum time-averaged mean velocity (TAMV) was recorded in the middle cerebral or internal carotid arteries, and classified as normal (<170 cm/sec), conditional (170-199 cm/sec) or abnormal (≥200 cm/sec), with velocities in the conditional or abnormal ranges indicating greater risk of stroke.10 Children with abnormal readings had a confirmatory repeat TCD exam performed within two months; if that abnormal exam was confirmed, they received monthly transfusions for primary stroke prevention.
Continuous measures were described as mean (standard deviation [SD]), and treatment arms were compared using t-tests, or a paired t-test for the same individuals. Categorical measures were described using percent or frequency, and compared using the Pearson χ test with Yates correction or Fisher’s exact test. Rates of adverse events including malaria between arms were presented and compared by the incidence rate ratio (IRR) with 95% confidence intervals (CI), which were calculated using Poisson regression. Study data were analyzed using R (Vienna, Austria, version 3.2.4). Statistical significance was assessed at the 0.05 level.
All but one family of the 199 children who completed the blinded randomized phase of NOHARM enrolled into the open-label phase (average age 3.3±0.9 years), and 192 of 198 (97.0%) completed the open-label treatment phase (Figure 1). At the end of blinded study treatment, 185 TCD examinations were completed, of which 164 were suitable for analysis (81 hydroxyurea, 83 placebo). Overall 80% of children on hydroxyurea had normal TCD velocities with a median TAMV of 138 cm/sec, compared to 77% normal exams for children on placebo and median TAMV of 150 cm/sec, (P=0.05 for TAMV comparison). At the end of the open-label phase, 187 TCD exams had been conducted and all were suitable for analysis. At that point 89% had normal velocities, with a median TAMV of 137 cm/sec in both original treatment cohorts. Only one child in NOHARM suffered a clinical stroke, 17 days after completing placebo and transitioning to open-label hydroxyurea treatment.
[image: ]

Figure 1.CONSORT diagram of the NOHARM trial. A total of 199 young children with sickle cell anemia (SCA) completed Year 1, either fixed-dose hydroxyurea or placebo treatment. All but one then entered the open-label treatment phase and 192 completed the study after Year 2 of hydroxyurea treatment. There were five deaths in the open-label treatment phase; including two (*) that occurred within the scheduled 30-day window after the final end-of-study visit.
In addition to lower TCD velocities, hydroxyurea treatment also led to expected hematological benefits, which were rapidly achieved in children previously on placebo, and maintained in children previously on hydroxyurea (Table 1). Among 99 children previously on placebo, the overall AE, sickle cell-related AE, and hospitalizations were significantly lower after open-label hydroxyurea (Table 2). For 99 children previously on hydroxyurea, low clinical AE rates were maintained. Malaria rates were low and did not differ between the two groups (Table 2). Three deaths (one acute chest syndrome, one presumed sepsis, one acute splenic sequestration) occurred in children originally assigned to placebo and two deaths (one acute chest syndrome, one sepsis) occurred in children originally assigned to hydroxyurea. This compared to one death in the placebo arm and two deaths in the hydroxyurea arm in the randomized phase (Figure 1).
[image: ]

Table 1.Laboratory parameters during open label hydroxyurea treatment. Analysis includes only laboratory values with paired samples at months 12 and 24 that span the open-label treatment period.
[image: ]

Table 2.Clinical adverse events and laboratory toxicities in the NOHARM trial, based on original blinded treatment assignment, with incidence rate ratio (IRR) and 95% confidence intervals.
Laboratory AE and dose-limiting toxicities (DLT) were infrequent during the year of the open-label hydroxyurea treatment (Table 2). The majority of DLT occurred during the course of a clinical AE. Two children originally randomized to hydroxyurea treatment developed chronic marked splenomegaly (5-8 cm below the left costal margin) that persisted during Year 2, and together accounted for six DLT based on episodes of anemia, reticulocytopenia and thrombocytopenia. At each event, hydroxyurea treatment was temporarily held, and both children eventually underwent successful elective surgical splenectomy. There were no episodes of renal or hepatic toxicity noted.
The present study adds to previously published results of hydroxyurea benefits for children with SCA living in sub-Saharan Africa,1110 demonstrating significantly lower average TCD velocities on hydroxyurea compared to placebo, and only one stroke occurring in a child who received placebo in the randomized phase of the trial. During both treatment phases of the NOHARM trial, we observed lower TCD velocities for children receiving hydroxyurea treatment, along with a very low incidence of primary stroke. This observation is especially important for Uganda and other parts of sub-Saharan Africa, where stroke is common and has devastating clinical and economic implications.131232 Hydroxyurea treatment at maximal tolerated dose (MTD) was previously shown to lower TCD velocities in the United States,14 but our NOHARM data are the first to document a similar benefit from fixed dose (20 mg/kg/day) hydroxyurea in Africa.
In addition to TCD velocity reduction and stroke protection, multiple laboratory and clinical benefits of open-label hydroxyurea were quickly achieved in children previously randomized to placebo. Our data provide almost 200 additional patient-years of hydroxyurea treatment experience in Africa, documenting consistent and sustained laboratory and clinical benefits from open-label hydroxyurea during the second year, regardless of the original treatment assignment. For children previously randomized to hydroxyurea, continued treatment was very well-tolerated, and associated with relatively few laboratory AE or DLT throughout the extended treatment period.
A few children in NOHARM developed substantial splenomegaly (typically 5-8 cm below the left costal margin on physical exam) and in two cases, the resulting hypersplenism with associated anemia and thrombocytopenia led to repeated pauses in treatment due to low laboratory values. These were not likely true DLT that were attributable to excessive drug-induced marrow suppression, but still prevented consistent daily treatment. Only after elective surgical splenectomy, a complicated and high-risk procedure in lower-resource settings, were these children able to restart daily hydroxyurea without frequent laboratory toxicities. By reducing erythrocyte sickling, early initiation of hydroxyurea should decrease splenic infarction and thus could preserve splenic tissue.15 Potentially this improvement in erythrocyte shape and function contributes to hypersplenism in some children, although reduced sequestration of sickled erythrocytes should also reduce the risk of splenomegaly and hypersplenism. The malaria parasite burden in African children in malaria endemic areas may also modify splenic behavior. Prospective analysis of splenic size and function during hydroxyurea treatment is an important consideration for future studies within sub-Saharan Africa, and could help define the optimal starting age and dosing goals.
In summary, the NOHARM trial provides additional evidence for the safety and efficacy of short-term hydroxyurea treatment for SCA in sub-Saharan Africa within a clinical trial setting. Data from both the blinded treatment phase and the open-label treatment phase demonstrate clinical and hematological benefits of hydroxyurea in a malarial endemic region, including evidence of reduced TCD velocities and primary stroke prevention. Additional TCD screening programs and clinical trials are urgently needed in sub-Saharan Africa to document the feasibility and benefits of hydroxyurea treatment for children with conditional or even abnormal TCD velocities, given the challenges of providing chronic blood transfusions. To help prevent primary stroke in this high-risk population, future studies should also focus on optimal dosing strategies and monitoring regimens, in an effort to determine the overall feasibility and safety of introducing hydroxyurea therapy for SCA widely across sub-Saharan Africa.
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