
Letter to the Editor

Drug development for sickle cell disease: repeated

setbacks, yet there remains an optimistic outlook for

future breakthroughs

1 To the editor:

2 Sickle cell disease (SCD) is a chronic and debilitating genetic

3 blood disorder that affects approximately 6.5 to 9 million indi-

4 viduals worldwide. It is estimated that more than 90% of

5 them are located in Africa and India [1,2].

6 The basic event of the pathophysiology of the disease,

7 namely the polymerization of deoxy HbS, has been recognized

8 for approximately the last fifty years [3]. Since then, we have

9 seen a continuous search for drugs that can interfere with and

10 reduce hemoglobin S polymerization as a potential therapy for

11 SCD. Approximately a hundred possible anti-sickling agents

12 have been described. Several of these, with some effects in

13 vitro, were tested in several clinical trials without success [3

14 −15]. More recently, newer molecular biology methods and

15 animal models of SCD have helped characterize the complex

16 chain of events, beyond Hb polymerization, responsible for

17 most of the acute and chronic organ lesions of SCD. Thus, sev-

18 eral other essential steps responsible for the vaso-occlusion

19 and organ damage have been discovered, such as endothelial

20 cell lesions, the critical role of hemolysis in inflammation and

21 organ damage, increased adhesion of red and white blood cells

22 and platelets to the endothelium, sterile inflammation,

23 reduced nitric oxide (NO) levels, activation of thrombosis and

24 lesions secondary to oxidation [2]. These new data resulted in

25 a new wave of possible new treatment targets, which started

26 the search for new of families of molecules.

27 However, until now, the only molecule that has been able

28 to reduce the polymerization of deoxy HbS in humans with

29 confirmed clinical effects is hydroxyurea (HU). The predomi-

30 nant effect of HU is to increase the production of HbF, a hemo-

31 globin well known as a molecule that can reduce the desoxy

32 HbS polymerization. Moreover, HU presents other actions,

33 such as, for example, reducing white and red blood cell adhe-

34 sion to the endothelium, acting as a NO donor, and reducing

35 inflammation secondary to hemolysis. HU was approved by

36 the FDA for treatment of adults with SCD in 1998 and for

37children in 2017. It is effective and safe for all ages and in all

38regions of the planet, and there is robust evidence that treat-

39ment with HU reduces the number of vaso-occlusive crises

40and acute chest syndrome, increases patient survival, and

41decreases chronic organ damage. Although there is a percent-

42age of patients that do not respond to the treatment and there

43are several collateral effects that should be monitored, there

44are no other drugs that have shown clinical effects compara-

45ble to those of HU. In fact, HU should be considered, today,

46the standard drug for SCD and universal access to this drug

47should be a priority, particularly for patients in countries with

48low and medium incomes (LMIC), such as regions of Sub-

49Saharan Africa and India [2,15].

50In addition, several basic procedures should be recognized

51as essential to increase the survival of SCD patients, irrespec-

52tive of any specific drugs for blocking polymerization. Solid

53and well known data have shown that early universal diagno-

54sis of the disease (as achieved by newborn screening), well

55organized infrastructure and health care for children with

56SCD, procedures to prevent complications such as pneumo-

57coccus, Haemophiles Influenzae andmeningococcal vaccines,

58prophylactic penicillin, transcranial doppler (TCD), adequate

59and well controlled transfusion programs, adequate patient

60registries, well-trained health providers, among others, can

61significantly increase the survival of patients, as has been

62seen in some high income countries such the US, UK and

63France. Unfortunately, in most low-middle income countries

64(LMICs), even basic procedures are not available, and the

65implementation of achievable goals aimed at reducing the

66mortality and morbidity associated with this long-neglected

67disease is urgent [2,16].

68Despite all of the benefits derived from the treatment with

69HU and other well-consolidatedmeasures, it is recognized that

70there are several unmet needs in the treatment of SCD and

71new treatments that target the underlying course of SCD, as

72well as its acute and chronic complications are necessary.

73Regrettably, with exception of HU, in the past few decades
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74 there has been an unfortunate failure to provide new disease-

75 modifying treatments, due to a lack of benefit or potential

76 harm, as demonstrated by clinical trials [2,4,17−20]. Remark-

77 ably in the last eight years, three new drugs were approved by

78 the US control agency, the FDA, including L-glutamine, crizan-

79 lizumab and voxelotor. The very disturbing fact is that two of

80 them (crizanlizumab and voxelotor) were removed from the

81 market due to lack of benefit or emerging safety concerns and

82 re-evaluation of their risk-benefit profiles [17,18,20−22].

83 In September 2024, Pfizer voluntarily withdrew voxelotor,

84 an anti-sickling agent for SCD, from the global market based

85 on emerging clinical data indicating that the drug’s risks out-

86 weigh its benefits in SCD management.3 Studies have indi-

87 cated an elevated risk of vaso-occlusive crises and fatalities

88 among individuals receiving voxelotor treatment. In a multi-

89 center trial (NCT04218084) involving 236 children with sickle

90 cell disease (SCD) who were at high risk of stroke, there were

91 eight deaths in the voxelotor group, compared to two in the

92 placebo group, prompting an early termination of the trial [23].

93 Another trial (NCT05561140) focused on adolescents and

94 adults with SCD and leg ulcers, and reported eight deaths

95 among 88 patients treated with voxelotor during the open-

96 label phase [24]. These outcomes led Pfizer to discontinue the

97 distribution, recall existing stock, and cease all ongoing clini-

98 cal trials involving voxelotor.

99 Given the probable efficacy, benefits and favorable safety pro-

100 file from the pivotal phase 2 SUSTAIN study (NCT01895361),

101 along with pharmacokinetic and pharmacodynamic evaluations

102 of the dosing regimen, crizanlizumab, an anti-adhesive mono-

103 clonal antibody, was seen as a potential disease-modifying ther-

104 apy for reducing vaso-occlusive crises (VOCs) in SCD [25]. It

105 received conditional approval from the regulatory agencies in

106 the USA, Europe and Brazil. Unfortunately, the primary results

107 from the Phase 3 STAND trial (NCT03814746) indicated no signifi-

108 cant difference between the crizanlizumab groups (5.0 mg/kg

109 and 7.5 mg/kg) and the placebo group in the annualized rate of

110 vaso-occlusive crises (VOC) that necessitated a healthcare visit

111 or home management for patients with sickle cell disease (SCD)

112 aged 12 years and older. The safety profile of crizanlizumab was

113 consistent with previous studies, and no new safety issues were

114 identified with either dose. Although the drug has been with-

115 drawn from the market, it remains available through compas-

116 sionate use and other programs in several regions.

117 Despite these adverse results, the game seems not to be

118 over for crizanlizumab. New data from clinical trials involving

119 different regimens and age groups of SCD patients continue

120 to emerge about crizanlizumab. This data reinforces the novel

121 drug’s safety and tolerability globally. The subsequent phase

122 2 open-label SOLACE-adults study analyzed long-term (i.e., ≥3

123 years) follow-up on the effects of crizanlizumab (5.0 mg/kg

124 and 7.5 mg/kg) in adult patients with SCD (N=57) [26]. Simi-

125 larly, the Phase 2 SOLACE-kids study examined children with

126 SCD aged 12 to under 18 years (N=53) [18]. Both studies

127 showed reductions from baseline in VOC-related healthcare

128 visits, hospitalizations, emergency room visits, and a consis-

129 tent safety profile for crizanlizumab. Crizanlizumab was

130 made available through a managed access program (MAP,

131 NCT03720626). This analysis assessed the effects of 12

132 months of crizanlizumab treatment on vaso-occlusive crises

133 (VOCs) and opioid use for managing VOC-related pain in

134patients with sickle cell disease (SCD) participating in the

135MAP. Crizanlizumab showed promise in reducing VOC inci-

136dents, regardless of SCD genotype or previous hydroxyurea

137treatment, and in decreasing opioid consumption. The safety

138profile of crizanlizumab aligned to prior findings [27].

139To test the effectiveness of crizanlizumab outside a pan-

140demic context, Novartis is conducting the CSEG101A2303

141study (SPARKLE, NCT06439082). This phase III, multi-center,

142randomized, placebo-controlled, double-blind trial is

143designed to evaluate the efficacy and safety of crizanlizumab

144(5 mg/kg) compared to a placebo, with or without hydroxy-

145urea/hydroxycarbamide treatment, in patients with sickle

146cell disease (SCD) aged 12 and older who experience frequent

147vaso-occlusive crises (4-12 events in the 12 months leading

148up to the screening visit). Participants will be randomly

149assigned in a 2:1 ratio to receive either crizanlizumab 5 mg/kg

150or a placebo. Central randomization will be stratified based

151on concurrent use of HU/HC (yes/no) and region (South Amer-

152ica, North America, and sub-Saharan Africa) at baseline [28].

153On August 15, 2025, Pfizer Inc. announced results from the

154Phase 3 THRIVE-131 (NCT04935879) trial evaluating inclacu-

155mab, an investigational P-selectin inhibitor and has decided

156to terminate the study [29]. The study enrolled 241 partici-

157pants with SCD, 16 years of age and older. Inclacumab was

158generally well-tolerated, but the study did not meet its pri-

159mary endpoint of a significant reduction in the frequency of

160VOCs in participants administered inclacumab compared to

161those given a placebo every 12 weeks over 48 weeks [29].

162It is very difficult to describe all the causes of this repetitive

163failure to find new drugs with significant clinical effects. More-

164over, the approval and subsequent removal from themarket of

165Voxelotor and Crizanlizumab sparked an intense debate

166among researchers and physicians working with SCD [19,20

167−22]. Despite all these problems, important lessons emerge

168from this disappointing scenario of failure in developing new

169drugs for treating SCD and are described below [19,21,22]:

170

171� The pathophysiology of SCD turned out to be very complex

172with multiple pathways.

173

174� Geographic variability remains a significant challenge while

175evaluating real-world data on novel SCD therapies. SCD out-

176comes vary widely across different countries and continents.

177Recruitment across diverse geographical areas should con-

178sider patients’ demographics, including various regions (e.g.,

179Africa, Brazil and India) and ethnicities. Although the disease

180had similar manifestations across ethnicities, variations in

181the use of health-care facilities, socio-cultural factors, and

182management of pain across different regions could have

183marked differences in its results [15,21].

184

185� The complex interplay between environmental and

186genetic factors, trial settings, healthcare usage and practi-

187ces, and how they influence treatment efficacy.

188

189� It’s time to reach a consensus on the definitions of VOC in

190patients who receive these therapies. While clinical trials

191of therapies for patients with SCD often rely on the reduc-

192tion or elimination of VOC pain events as a clinical
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193 endpoint, definitions of what constitutes a VOC pain event

194 differ between trials and have no impact on efficacy

195 assessments between clinical trials [30,31].

196

197 � A possible premature approval of drugs by authorities,

198 their promotion by healthcare professionals and patient

199 associations, and the pursuit by pharmaceutical compa-

200 nies to access the market rapidly should be rethought and

201 better discussed [15,19,21,22].

202 What suggestions can be considered to counteract this

203 unsatisfactory situation, effectively reduce health disparities,

204 and promote the global advancement of efficient and accessi-

205 ble therapies? [4,19]. As already mentioned, there are well-

206 known and recognized measures in the comprehensive man-

207 agement and patient-focused care of SCD that are essential.

208 Among these, it is essential to emphasize universal newborn

209 screening, providing access to specialized healthcare for all

210 patients with SCD, regardless of their location, making HU

211 accessible and affordable, and improving the availability and

212 safety of blood transfusions. In addition, there are several

213 other actions that should be considered [2,15,19,21,22]:

214 1. Improving clinical trial designs: focus on meaningful clini-

215 cal outcomes, incorporate diverse patient populations,

216 always include patient participation, and consider varia-

217 tions in SCD outcomes between different countries and

218 continents [30,31].

219 2. Real-world evidence should be considered as the primary

220 reference for translating clinical trial results to achieve

221 and reliability across various patient groups.

222 3. Innovative therapeutic approaches: explore personalized

223 therapies based on combined treatments that target vari-

224 ous pathophysiological pathways in SCD, such as combi-

225 nation therapies, which are currently underexplored.

226 4. Collaboration and communication involve fostering dia-

227 logue among experts, patients, funding bodies, universi-

228 ties, pharmaceutical companies, regulatory authorities,

229 and other stakeholders.

230 5. Increasing research funding requires promoting a more

231 effective blend of academic and industry-driven studies,

232 engaging patients from the outset, and conducting more

233 robust clinical trials with suitable patient populations and

234 endpoints. [32,33]

235 As of now, hydroxyurea remains the only approved dis-

236 ease-modifying therapy for sickle cell disease (SCD). Given

237 the significance of SCD as a global public health issue, it is

238 imperative to develop new therapeutic options. Encourag-

239 ingly, emerging drugs - such as pyruvate kinase activators

240 and those that either inhibit the polymerization of sickle

241 hemoglobin or enhance the production of hemoglobin F - are

242 advancing to late-stage clinical trials [21,22]. Substantial prog-

243 ress is being achieved in so-called curative therapies, includ-

244 ing bone marrow transplantation and gene therapy. The

245 possibility of doing HSCT with haploidentical donors seems

246 to be amajor improvement [34]. Two gene therapy procedures

247 are now approved by the FDA (gene editing and gene addi-

248 tion), but these procedures are extremely expensive, making

249 access impossible for most patients with SCD [35].

250It is crucial to emphasize the need for transparent and

251careful communication when approving or withdrawing ther-

252apies for SCD [36]. When new medications are approved, it is

253essential to proceed cautiously, clarifying known toxicities,

254uncertainties, and the provisional nature of the approvals,

255avoiding exaggerated promises. There must be long-term

256post-approval, real-world outcomes, supported by multiple

257data registries, to ensure that subtle problems and other ben-

258efits can be identified [22]. Obviously, it is essential to ensure

259informed consent from all the patients. In the case of medica-

260tion withdrawals, it is very important to provide the data that

261justifies the decision promptly [36].
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