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Abstract 
 
The burden of sickle cell disease (SCD) in France has been difficult to apprehend due to the paucity of reliable nationwide 
epidemiological data. We aimed to describe the epidemiology of SCD and evaluate its burden and costs. Patients with 
SCD and most severely affected patients were identified between 2012 and 2018 from the French National Health Data 
System database (SNDS, Système national des données de santé). Outcomes of interest included rates of acute and 
chronic complications, healthcare resource utilization and associated costs, and were compared in subpopulations of 
patients before and after hematopoietic stem cell transplantation, initiating hydroxyurea or a chronic transfusion 
program. Between 2012 and 2018, 22,619 patients with SCD were identified, among which 4,270 patients were defined as 
most severely affected. Rates of vaso-occlusion episodes and acute chest syndrome were 86.29 (95% confidence interval 
[CI]:  85.75-86.83] and 12.90 (95% CI: 12.69-13.11) per 100 person years in the study population and 166.9 (95% CI: 165.4-
168.4) and 22.71 (95% CI: 22.16-23.27) per 100 person years in most severely affected patients. Median (Q1-Q3) annualized 
total costs were €5,073.63 (range, €1,633.74-14,000.94) and €13,295.67 (range, €5,754.67-26,385.23) in the study 
population and most severely affected patients. Median annualized costs were ten times lower after treatment 
intensification for hematopoietic stem cell transplantation (€29,011.75 vs. €2,465.98; P<0.001), they slightly decreased 
after hydroxyurea initiation (€13,057.79 vs. €12,752.44; P=0.003) and were five times higher after chronic transfusion 
program initiation (€4,643.11 vs. €22,715.85; P<0.001). SCD still places a significant demand on health resources, even after 
therapeutic intensification. 
 

Introduction 
Sickle cell disease (SCD) is the most frequent genetic dis-
ease in the world1 and is considered a major public health 
topic. It is caused by a single mutation in the β-globin 
gene, resulting in an abnormal hemoglobin S (HbS).2 The 
most common and impactful form of SCD is the homozy-
gous (SS) HbSS genotype. Other forms of SCD include the 
association of hemoglobin S (HbS) and other genetic β-
globin variants, including hemoglobin C (HbSC) or β-tha-
lassemia (S/β0-thalassemia and S/β+-thalassemia). The 
expression of the SCD phenotype varies greatly and can 
range from moderate to severe across genotypes, but also 
within the same genotype. Sickle carriers (HbAS), also 
known as patients with sickle cell trait, do not have path-

ological manifestations. In contrast, patients with SCD ex-
perience a myriad of acute and chronic events ranging 
from painful vaso-occlusive crises (VOC) and acute chest 
syndrome (ACS) to chronic complications, including organ 
failure, life-threatening infections and stroke.  
The management of SCD relies on the prevention and treat-
ment of SCD complications and is mainly supportive. Dis-
ease-modifying therapies for patients with SCD include 
chronic transfusion programs (CTP), hydroxyurea (HU), and 
more recently, L-glutamin, crizanlizumab in 2021, and voxe-
lotor in 2022. Potentially curative therapy includes hemato-
poietic stem cell transplantation (HSCT) and gene therapies.3  
SCD has a significant negative impact on the quality of life 
of patients and requires high levels of healthcare resource 
utilization, resulting in a significant economic burden.4,5  
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As there is limited data on the epidemiology and the 
burden of SCD in France, the purpose of this study was 
to collect up-to-date epidemiological data on SCD on a 
nationwide basis, to evaluate the clinical burden as well 
as the annual healthcare resource use and costs in pa-
tients with SCD, with a specific focus on most severely 
affected patients and a comparison before and after dis-
ease-modifying treatment initiation.  

Methods 
The French healthcare system offers universal coverage 
for nearly 99% of French residents in mainland France and 
overseas territories.6 Reimbursed medical services are 
captured in an exhaustive pseudonymized patient-level 
collection of claims data: the French National Health Data 

System database (SNDS, Système national des données 
de santé). SNDS is a suitable tool for epidemiological and 
population-based medical resource utilization research.6,7  
The study population consisted of patients identified in 
SNIIRAM (Système national d'information inter-régimes de 
l'Assurance maladie) from the French general healthcare 
insurance system, alive on or born after January 1st, 2012, 
with at least one SCD-related record between 2009 and 
2018 (Figure 1):  
-hospitalization for SCD (ICD-10 code D57 excluding D57.3-
sickle-cell trait); 
-long duration diseases (LDD) for SCD (ICD-10 code D57); 
-dispensation of phenoxymethylpenicillin for at least 6 
months, initiated before 1 year of age. 
CIM-10 coding theoretically allows to differentiate SCD phe-
notypes, but the absence of clinical data and imprecise 
coding led us to include all patients with SCD with no ge-

Figure 1. Flow chart of study population selection. SCD: sickle cell disease; VOE: vaso-occlusive event; HU: hydroxyurea.
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notype/phenotype distinction. In order to limit the inclusion 
of patients miscoded for SCD, patients susceptible to being 
sickle carriers were excluded (Online Supplementary Figure 
S2). Patients with temporary health insurance coverage, 
missing data for age, and twins were excluded. 
Index date was the date of the first SCD-related record dur-
ing the study period, or January 1st, 2012, for patients with 
SCD-related records prior to 2012. Patients were followed 
from the index date till death or December 31st, 2018. 
A subgroup of most severely affected patients was de-
fined at index date as patients meeting at least one of the 
following criteria:  
- two VOE in the year preceding the index date or four 
VOE in the 2 years preceding the index date. VOE cor-
responded to inpatient hospitalizations (excluding day-
care hospitalizations) for VOC, hepatic sequestration, 
splenic sequestration, severe priapism or ACS; 
- six HU reimbursements with ≥6 months between the 
earliest and the latest HU reimbursement in the 2 years 
preceding the index date and with at least one VOE after 
the first HU reimbursement; 
- six transfusion procedures within 12 months prior to the 
index date. 
Subpopulations of patients with therapeutic intensifica-
tion (defined as disease-modifying therapy treatment 
initiation [CPT or HU] or curative treatment [HSCT]) were 
defined (Figure 2). In order to ensure ensure 4 years of 
follow-up after the treatment intensification date (date of 
the first record of therapeutic intensification), patients 
with at least 6 months of medical history were selected 
between 2012 and 2014 and followed-up for 4 years or 
until death (Online Supplementary Figure S1). Outcomes 
were compared considering a 3-year period before and 4 
years after the intensification date. In order to exclude 
HSCT procedure costs for HSCT patients, outcomes were 
compared on a period of 3 years before HSCT versus a 
period of 1 and 4 years after HSCT. 
Quantitative values will notably de described as median, 

first (Q1) and third (Q3). Quartiles correspond to value su-
perior to that of 25% (Q1) or 75% (Q3) of the population. 
Rates per person years were calculated by dividing the 
number of events by the sum of person years. Quanti-
tative variables were compared using paired Student’s t-
test or Wilcoxon signed-rank test, depending on data 
distribution. Analyses were performed using SAS® 9.4 (SAS 
Institute Inc. Cary, NC, USA). 

Results 
The prevalence of SCD was 15,203 patients in 2012 and 
slightly increased over the years to 21,668 patients alive 
in 2018 (Online Supplementary Figure S2). Overall, be-
tween 2012 and 2018, a total of 22,619 patients with SCD 
were identified in the national database. Among these, 
2,207 patients were not covered by the general health in-
surance system and were excluded, resulting in a study 
population of 20,412 patients with SCD. A subpopulation 
of 4,270 most severely affected patients was identified at 
the index date.  
Male/female sex ratio was 0.74, with 8,702 (42.6%) male 
and 11,710 (57.4%) female patients. Mean (standard devi-
ation [SD]) age at the index date was 24.0 (21.0) years, and 
45% of patients were younger than 18 years old. Most se-
verely affected patients tended to be younger, with a 
mean age at the index date of 21.8 years (15.7) and had a 
men/women sex ratio of 0.89 (Table 1). Median (Q1–Q3) 
follow-up duration was 7.0 (4.2-7.0) years. During follow-
up, 5.2% (n=1,062) of patients with SCD died, among 
whom 23.4% (n=248) were most severely affected. The 
median (Q1–Q3) age at death of patients with SCD was 58 
(range, 39-73) years old, contrasting sharply with the age 
at death of 44 (range, 28-57) years in most severely af-
fected patients. 
VOC and ACS were the most frequent causes of hospital-
ization (Table 2), with a rate of 86.29 (95% CI: 85.75-86.83) 

Figure 2. Patients initiating disease-modifying therapy over the period 2012-2014. Modifying therapy: hematopoïetic stem cell 
transplantation (HSCT), hydroxyurea (HU), chronic transfusion program (CTP). SCD: sickle cell disease. 
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and 12.90 (95% CI: 12.69-13.11) per 100 person years, re-
spectively, and a 30-day readmission rate of 19.9% and 
8.7%, respectively. These events were more frequent in 
most severely affected patients, with 166.9 (95% CI: 165.4-
168.4) per 100 person years for hospitalizations for VOC 
and 22.71 (95% CI: 22.16-23.27) per 100 person years for 

ACS, and a 30-day readmission rate of 28.9% and 9.9%, 
respectively. 
Chronic SCD-related events prevalence increased with 
age (Table 3) and were more important in most severely 
affected patients than in the whole SCD population, with 
respectively 15.4% (n=656) versus 8.1% (n=1,651) for car-
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Characteristics Study population (N=20,412) Most severely affected patients (N=4,270) 

Age in years at index date 
Mean (SD) 
Median (Q1-Q3)

 
24.0 (21.0) 

20.0 (5.0-37.0)

 
21.8 (15.7) 

19.0 (9.0-31.0)

Age in years at index date, N (%) 
≤5 
6-11 
12-17 
18-24 
25-39 
40-59 
≥60

 
5,229 (25.6) 
2,150 (10.5) 
1,862 (9.1) 
2,237 (11.0) 
4,388 (21.5) 
3,079 (15.1) 
1,467 (7.2)

 
564 (13.2) 
759 (17.8) 
652 (15.3) 
677 (15.9) 

1,056 (24.7) 
459 (10.7) 
103 (2.4)

Sex, N (%) 
Male 
Sex ratio, M/F

 
8,702 (42.6) 

0.74

 
2,008 (47.0) 

0.89

Geographical area of residence at index date, N (%) 
Mainland 
Overseas regions

 
15,891 (83.8) 
3,063 (16.2)

 
3,438 (83.6) 
676 (16.4)

Death, N (%) 1,062 (5.2) 248 (5.8)

Death, age in years 
Mean (SD) 
95% CI 
Median (Q1-Q3)

 
55.0 (23.9) 
(53.5-56.4)] 

58.0 (39.0-73.0)

 
43.5 (21.0) 
(40.9-46.1) 

44.0 (28.0-57.0)

Table 1. Patient demographics and characteristics. 

SD: standard deviation; Q: quartile; M: male; F: female; CI: confidence interval.

Events Study population (N=20,412) Most severely affected patients (N=4,270)

Acute chest syndrome 
N (%) 
Rate per 100 person years (95% CI)

 
6,787 (33.3) 

7.62 (7.44-7.80)

 
2,331 (54.6) 

(12.16-13.19)

Vaso-occlusive crisis 
N (%) 
Rate per 100 person years (95% CI)

 
15,346 (75.2) 

33.55 (33.03-34.09)

 
3,804 (89.1) 

57.09 (55.29-58.93)

Septicemia, sepsis or meningitis 
N (%) 
Rate per 100 person years (95% CI)

 
1,315 (6.4) 

1.19 (1.13-1.26)

 
481 (11.3) 

1.78 (1.62-1.95)

Cerebrovascular symptoms 
N (%) 
Rate per 100 person years (95% CI)

 
589 (2.9) 

0.53 (0.49-0.57)

 
190 (4.4) 

0.68 (0.59-0.79)

Gallstones and cholecystitis 
N (%) 
Rate per 100 person years (95% CI)

 
2,014 (9.9) 

1.89 (1.81-1.98)

 
770 (18.0) 

3.04 (2.83-3.26)

Table 2. Acute events during follow-up.

Cerebrovascular symptoms include transient cerebral ischemic attacks along with intracerebral and intracranial hemorrhage. CI: confidence 
interval.



diovascular disease, 15.5% (n=662) versus 6.6% (n=1,351) 
for osteonecrosis, 13.9% (n=593) versus 4.0% (n=819) for 
iron overload, 7.9% (n=338) versus 6.6% (n=1,350) for kid-
ney disease and 9.3% (n=399) versus 4.7% (n=961) for pul-
monary thrombotic events.  
Patients with SCD had a median of 2.0 (range, 0.3-4.4) 
ambulatory medical visits per year and 1.3 general practi-
tioner visits (range, 0.0-3.3), but 21.3% and 27.9% of the 
total population as well as the most severely affected pa-
tients had no visits, respectively (Table 4). However, there 
was a median of 0.4 (range, 0.0-1.3) outpatient hospital vi-
sits per year, with 36.9% of patients not having any out-
patient visits. These numbers were similar in most 
severely affected patients. Regarding emergency room 
(ER) visits, 71.4% of patients had at least one ER visit fol-
lowed by a hospitalization (n=14,571) and 87.4% for most 
severely affected patients (n=3,733), with a median of 0.9 
(range, 0.3-1.9) ER visit per year that were almost all fol-
lowed by hospitalization.  
Overall, 93% of patients (n=18,988) and 97.9% of most se-
verely affected patients (n=4,179) had at least one hospi-
talization during follow-up, including day-care unit 
hospitalizations, with a median of 1.3 (range, 0.6-2.9) hos-
pitalization per year for a cumulative duration of 3.3 
(range, 2.0-5.0) days per year. This number doubled in the 
most severely affected patients, with 2.9 (range, 1.4-6.4) 
hospitalizations per year with a similar cumulative dur-
ation.  
The dispensation of pain medication concerned 63.6% 
(n=12,992) and 81.3% of the most severely affected pa-
tients (n=3,470). HU dispensation (Siklos® and/or Hydrea®) 
concerned 24.8% (n=5,061) of patients and more than half 
of the most severely affected patients (56,0%, n=2,390). 
Regarding sick leaves in patients aged between 15-64 
years (n=2,528), 37.9% (n=4,189) of patients had at least 

one sick leave during follow-up, with a median duration 
of 9.1 (range, 2.8-27.4) days per year. Results were similar 
for most severely affected patients. The use of reimbursed 
medical transport concerned 39.7% (n=8,110) of patients 
with a median of 0.6 (range, 0.2-2.0) per year annually. Re-
sults were similar for most severely affected patients. 
In the study population, the median annualized total 
health care costs per patient were €5,073.63 (range, 
€1,633.74-14,000.94) and were driven at 90% by hospital-
ization costs with €4,140.66 (range, €1,145.06-12,114.41) 
(Table 5; Figure 3). Medication costs accounted for €115.19 
(range, €23.30-419.36), and medical consultation costs 
accounted for €81.94 (range, €23.83-162.85). Total health 
care costs tended to be twice higher in most severely af-
fected patients with a median of €13,295.67 (range, 
€5,754.67-26,385.23), similarly driven by hospitalization 
costs €10,983.70 (range, €4,414.01-22,403.95). 
Among HSCT patients (n=70), healthcare resource utiliza-
tion (HCRU) was significantly lower between 1 and 4 years 
after HSCT compared to 3 years before HSCT. The median 
number and duration of hospitalizations significantly de-
creased from 9.0 (range, 5.7-13.0) to 1.0 (range, 0.3-3.0) 
hospitalizations per year (P<0.001) and from 2.3 (range, 
1.5-4.8) to 1.2 (range, 1.0-2.7) days per hospitalization 
(P<0.001) (Table 6). The number of ER visits followed by 
hospitalization decreased from 0.7 (range, 0.0-1.4) to 0.0 
(range, 0.0-0.3) (P<0.001) and concerned fewer patients 
(73.3%, n=55 vs. 37.3%, n=28; P<0.001). Patients with pain 
medication dispensation decreased from 44.0% (n=33) to 
24.0% (n=18) (P=0.002). The median annualized costs were 
ten times lower after HSCT (€29,011.75 vs. €2,465.98; 
P<0.001; Figure 3), mostly represented by a decrease in 
hospitalization costs that accounted for 96% of total 
costs (€26,576.97 vs. €1,915.70; P<0.001). Medication costs 
also decreased significantly (€216.62 vs. €132.66; P=0.035).  
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Cardiovascular 
diseases 

N (%)

Pulmonary 
thrombotic 

events 
N (%)

Sequels of 
cerebrovascular 

events 
N (%)

Chronic kidney 
disease 
N (%)

Iron overload 
N (%)

Osteonecrosis 
N (%)

Pulmonary 
hypertension 

N (%)

Study population 
(N=20,412)

1,651 (8.1) 961 (4.7) 748 (3.7) 1,350 (6.6) 819 (4.0) 1,351 (6.6) 507 (2.5)

Age in years 
≤5 (N=5,229) 
6-11 (N=2,150) 
12-17 (N=1,862) 
18-24 (N=2,237) 
25-39 (N=4,388) 
40-59 (N=3,079)

 
122 (2.3) 
89 (4.1) 

133 (7.1) 
240 (10.7) 
449 (10.2) 
372 (12.1)

 
105 (2.0) 
71 (3.3) 
80 (4.3) 
114 (5.1) 
203 (4.6) 
210 (6.8)

 
15 (0.3) 
19 (0.9) 
56 (3.0) 

134 (6.0) 
271 (6.2) 

178 (5.8%)

 
28 (0.5) 
25 (1.2) 
32 (1.7) 
65 (2.9) 

222 (5.1) 
445 (14.5)

 
86 (1.6) 
88 (4.1) 
77 (4.1) 

103 (4.6) 
259 (5.9) 
173 (5.6)

 
51 (1.0) 

108 (5.0) 
150 (8.1) 
205 (9.2) 

466 (10.6) 
305 (9.9)

 
33 (0.6) 
13 (0.6) 
24 (1.3) 
37 (1.7) 

129 (2.9) 
185 (6.0)

Most severely af-
fected patients 
(N=4,270)

656 (15.4) 399 (9.3) 289 (6.8) 338 (7.9) 338 (7.9) 662 (15.5) 218 (5.1)

Table 3. Chronic complications during follow-up.



Among patients initiating HU (n=1,124), there were fewer 
ambulatory medical visits per year in the 3 years before 
HU initiation compared to 4 years after, with a median of 
2.3 versus 3.0 (P=0.003), including general practitioner vi-
sits (1.7 vs. 2.2; P=0.004), while the number of outpatient 
hospital visits did not differ. Patients with a dispensation 
of pain medication increased from 76.2% (n=856) to 91.6% 
(n=1,030) (P<0.001). The proportion of patients using medi-
cal transport significantly increased after HU initiation 
from 40.0% (n=450) to 52.9% (n=595) (P<0.001), but the 
median annual number of medical transport and duration 
of sick leaves did not differ. Median annualized costs 
slightly decreased after HU initiation (€13,057.79 vs. 
€12,752.44; P=0.003), while median medication costs sig-
nificantly increased after HU initiation (€156.68 vs. 
€2,180.05; P<0.001). 
Among patients initiating a CTP (n=210), the median 

number of hospitalizations per year, including day care 
unit hospitalizations, significantly increased from 1.3 
(range, 0.7-2.7) in the 3 years before CTP initiation to 9.0 
(range, 5.7-12.7) in the 4 years following CTP initiation 
(P<0.001), but the hospitalizations were twice as short 
with a reduction from 4.0 (range, 2.5-5.5) to 2.1 (range, 1.3-
3.5) days (P<0.001). Other HCRU significantly increased 
were hospitalizations after an ER visit (63.3%, n=140 vs. 
82.4%, n=182; P<0.001), the number of patients using pain 
medication (45.7%, n=101 vs. 64.3%, n=142; P<0.001) and 
the number of patients using medical transport that 
doubled (21.7%, n=48 vs 49.8%, n=110; P<0.001). The 
median annualized costs for patients initiating CTP were 
more than five times higher after CTP initiation (€4,643.11 
vs. €22,715.85; P<0.001), with a significant increase in hos-
pitalization costs (€3,054.45 vs. €19,934.54; P<0.001) and 
medication costs (€113.43 vs. €798.28; P<0.001).  

Events
Study population 

(N=20,412)
Most severely affected patients 

(N=4,270)

Medical consultations 
Outpatient hospital consultations 

N (%) 
Median annualized number (Q1-Q3) 

Ambulatory medical consultations 
N (%) 
Median annualized number (Q1-Q3) 

General practitioner consultations 
N (%) 
Median annualized number (Q1-Q3)

 
 

12,873 (63.1) 
0.4 (0.0-1.3) 

 
16,064 (78.7) 
3.1 (0.9-6.0) 

 
14,708 (72.1) 
1.3 (0.0-3.3)

 
 

2,757 (64.6) 
0.3 (0.0-1.0) 

 
3,525 (82.6) 
1.9 (0.4-4.3) 

 
3,345 (78.3) 
1.3 (0.1-3.4)

Hospitalizations in MCO 
N (%) 
Median annualized number (Q1-Q3) 
Median duration in months (Q1-Q3)

 
18,988 (93.0) 
1.3 (0.6-2.9) 
3.3 (2.0-5.0)

 
4,179 (97.9) 
2.9 (1.4-6.4) 
3.3 (2.0-4.9)

Opioid medication* 
N (%)

 
12,992 (63.6)

 
3,470 (81.3)

Emergency room visits 
N (%) 
Median annualized number (Q1-Q3)

 
14,753 (72.3) 
0.4 (0.0-1.0)

 
3,733 (87.4) 
0.9 (0.3-1.9)

Emergency room visits followed by a hospitalization 
N (%) 
Median annualized number (Q1-Q3)

 
14,571 (71.4) 
0.3 (0.0-1.0)

 
3,712 (86.9) 
0.7 (0.3-1.9)

Medical transports 
N (%) 
Median annualized number (Q1-Q3)

 
8,110 (39.7) 
0.6 (0.2-2.0)

 
2,378 (55.7) 
0.6 (0.3-1.9)

Study population aged between 
 15 and 64 years (N=11,053)

Most severely affected patients aged 
between 15 and 64 years (N=2,505)

Sick leaves 
N (%) 
Median annualized number (Q1-Q3)

 
4,189 (37.9) 

9.1 (2.8-27.4)

 
1,010 (40.0) 

9.1 (3.0-25.6)

Q: quartile; MCO: médecine, chirurgie, obstetrique; SCD: sickle cell disease. *Opioid medication excluding morphine.

Table 4. Healthcare resource utilization during follow-up in patients with sickle cell disease and most severely affected 
patients. 

Haematologica | 108 September 2023 

2481

ARTICLE - Real-world severity and burden of SCD in France V. Brousse et al.



Discussion 
To the best of our knowledge, this is the first real-world 
study in France describing and comparing nationwide epi-
demiology, HCRU, overall costs, before and after disease-
modifying therapy and HSCT initiation. Our study 
highlights the progressive increase of SCD prevalence over 
the years, from 15,203 patients in 2012 to 21,668 in 2018, 
with figures in line with recent literature data reporting a 
prevalence between 19,800 and 32,400 patients in 2016.5 
The increasing number of patients can be explained by the 
implementation of newborn screening for SCD, which has 
allowed the identification of 9,260 children with SCD 
since 1989,8 by the inclusion of new adults due to emigra-
tion and overall better survival of patients. Early diagnosis, 
followed by prophylactic measures, has allowed for better 
prevention of disease complications and improved quality 

of care, delaying the median age of death from 35.1 years 
for the 1995-2010 period9,10 to 58.0 years for the 2012-2018 
period. These results are in line with the global trends of 
improved survival in SCD,11,12 although mortality estimates 
for the most severely affected patients remain dramati-
cally unimproved at 43.5 years.  
Results from our study stratified by age and sex are con-
sistent with the literature.13 The most severely affected 
patients were younger and had a more pronounced clini-
cal burden, reflected by high frequencies of acute com-
plications, including hospitalizations for VOE, ACS, and ER 
visits, followed by hospitalizations and pain symptoms 
that were captured through pain medication dispensation 
that concerned two-thirds of the study population and al-
most all of the most severely affected patients. Of note, 
pain medication dispensation did not include morphine 
treatment as the latter is not prescribed outside hospital 

Table 5. Annualized cost (€) in the study population and of most severely affected patients.

Study population Most severely affected patients

Overall costs 
Median (Q1-Q3) 
Mean (SD)

 
5,073.63 (1,633.74-14,000.94) 

16,025.18 (129,468.19)

13,295.67 (5,754.67-26,385.23) 
23,163.76 (36,410.53)

Medical consultations 
Median (Q1-Q3) 
Mean (SD)

 
81.94 (23.83-162.85) 

120.96 (179.57)

 
69.47 (20.30 - 142.23) 

106.98 (174.88)

Hospitalizations 
Median (Q1-Q3) 
Mean (SD.)

 
4,140.66 (1,145.06-12,114.41) 

14,441.84 (128,741.03)

 
10,983.70 (4,414.01-22,403.95) 

20,332.07 (34,500.10)

Medication 
Median (Q1-Q3) 
Mean (SD)

 
115.19 (23.30-419.36) 

772.68 (2,282.00)

 
436.53 (75.03-2,313.75) 

1,999.72 (3,995.10)

Emergency room visits not followed by 
hospitalization 

Median (Q1-Q3) 
Mean (SD)

 
 

0.00 (0.00-0.00) 
0.72 (6.13)

 
 

0.00 (0.00-0.00) 
1.34 (11.55)

Medical transports 
Median (Q1-Q3) 
Mean (SD)

 
0.00 (0.00-27.64) 
256.16 (2,176.37)

 
13.82  (0.00-85.00) 
287.07 (2,106.35)

Clinical imaging 
Median (Q1-Q3) 
Mean (SD)

 
33.56 (0.00-104.23) 

77.79 (222.48)

 
60.81 (11.47-143.29) 

112.91 (426.23)

Paramedical care 
Median (Q1-Q3) 
Mean (SD)

 
5.22 (0.00-60.67) 
293.62 (1,559.84)

 
5.81 (0.00-75.12) 
308.14 (1,951.64)

Laboratory tests 
Median (Q1-Q3) 
Mean (SD)

25.77 (0.00-93.45) 
86.94 (227.30)

 
21.41 (0.92-76.44) 

80.81 (246.41)

Medical devices 
Median (Q1-Q3) 
Mean (SD)

 
0.00 (0.00-0.00) 

6.79 (156.67)

 
0.00 (0.00-0.00) 

6.50 (59.89)

Q: quartile; SD: standard deviation. 
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settings in France, in line with national guidelines that do 
not recommend ambulatory prescription of morphine. We 
confirm in this study that severe outcomes are more fre-
quent in younger patients,5,13 with rates of complications 
consistent with previously reported data on VOC rates 
ranging between 53.91 and 142.20 VOC events per 100 per-
son years and ACS rates between 8.8 events and 25.3 
events per 100 patient years.14,15 More than half of the most 
severely affected required disease-modifying treatment 
by HU, in line with the substantial disease severity in this 
subgroup. 
Our findings are also consistent with existing data on 
chronic SCD-related complications that report a preva-
lence of around 6% of pulmonary hypertension in adult 
patients, between 8% and 22% for osteonecrosis and 12% 
for end-stage chronic kidney disease.16,17 Expectedly, organ 
damage increased across age groups, notably for chronic 
kidney disease, pulmonary hypertension, cardiac compli-
cations, sequels of cerebrovascular events, and osteone-
crosis. With 99% of children who now reach adulthood8 
and around half of the patients in the study population 
aged under 18 years, an increasing proportion of children 
treated for SCD are expected to transition from pediatric 
to adult care, with, expectedly, an increasing burden re-

lated to chronic organ complications such as kidney or 
heart failure.   
In addition to the important morbidity highlighted through 
acute and chronic complications, healthcare resource 
utilization was high and increased in most severely af-
fected patients, with a median of 2.9 hospital stays per 
patient per year and 3.3 days per stay, corresponding to 
an average of 9.5 total days per year, including same-day 
discharge hospitalizations. These results are inferior to 
those from previous studies of SCD-related healthcare 
utilization, reporting a mean of 2.83 hospitalizations and 
14.69 total days during a 12-month follow-up period,4,18 a 
discrepancy possibly attributable to the differing inclu-
sion/exclusion criteria, which favored in our study specifi-
city over sensitivity. This study also offers a perspective 
on the importance of ambulatory settings in the clinical 
follow-up of patients with 0.4 outpatient hospital visits 
per year and 2.0 ambulatory medical visits per year, 
among which 1.3 general practitioner visits, meeting the 
French recommendations of quarterly follow-up for opti-
mal patient treatment pathways.19,20  
The median annualized costs estimated for SCD was 
€5,073.63 and was coherent with reported costs in pre-
vious retrospective studies.5 Mean costs were estimated 

Figure 3. Annualized overall cost comparison after treatment 
intensification. Comparison 3 years before  hematopoïetic stem 
cell transplantation (HSCT) to cost between 1 year and 4 years 
after HSCT (P<0.001), 3 years before vs. 4 years after hydroxy-
urea (HU) initiation (P=0.003) and chronic transfusion program 
(CTP) initiation (P<0.001). 
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to be  €16,025.18, highlighting a wide variability of HCRU 
among patients with SCD, with a small fraction of patients 
driving a significant increase in HCRU and costs as pre-
viously observed in pediatric patients,21 notably for most 
severely affected patients with a median annualized total 
cost of €12,562.34, mainly driven by hospitalization costs. 
On a national scale and considering the prevalence of SCD 
in France, this cost per patient remains higher than cystic 
fibrosis, another rare genetic disease with a prevalence of 
7,000 patients in France,22 which is associated with an 
average annual cost of €29,746,23 highlighting the signifi-
cant economic burden of SCD in France. It should be 
noted that SNDS allows for the exact cost of medications 
calculation so that the figures include real-life costs, 
allowing to take into consideration both Siklos® and Hy-
drea® for the study of HU and treatment costs overall.  
Regarding non-transplant intensive therapeutic strategies, 
CTP is mainly indicated in patients with neurological com-
plications and severely symptomatic patients despite HU, 
as well as acute splenic sequestration prevention in 
children.24,25 HU prescription practices have been described 
in the European, multi-centered non-interventional ES-
CORT-HU cohort, conducted over a 10-year period, includ-
ing 1,906 participants, among which 74% were prescribed 
HU for VOC or ACS while 26% were treated for other non-
VOC complications, including severe chronic anemia and 
conditional transcranial Doppler velocities.26  
While the decrease in hospitalization duration after CTP 
initiation suggests a benefit in preventing SCD-related 
complications, total costs were, however, multiplied by 
five highlighting the burden of CTP on the healthcare sys-
tem and on patients who require regular hospital atten-
dance for same-day discharge care. Similarly, our study 
underlined a minor impact of HU in decreasing costs and 
did not capture the positive disease-modifying effects of 
HU therapy in reducing the overall HCRU.27–29 In line with 
results from real-world studies, a high economic burden 
was still associated with patients treated by HU.4 This 
burden could be partly explained by low treatment adher-
ence since important rates of treatment discontinuation 
have been reported in previous studies ranging from 
58.9% to 87.8%.4,30 Another explanation could pertain to 
the increasing severity of the disease with time, requiring 
more follow-up and more hospitalizations and limiting the 
effect of non-curative treatments, as highlighted by the 
ESCORT-HU cohort where initial HU dose was progress-
ively increased in 44% of patients during follow-up be-
cause of recurrent VOC events.26 Altogether, these findings 
corroborate the persisting economic burden on the 
healthcare system following non-transplant intensive 
therapy initiation, with remaining acute and chronic dis-
ease-related complications and potential adverse effects 
such as iron overload, allo-immunization, and delayed 
hemolytic transfusion reactions.25  

Post-HSCT median costs were ten times lower starting 
from the 2nd year post-HSCT (€2,465.98); however, HSCT 
is only available for a small subgroup of patients. Impor-
tant improvements have been obtained over time with 
HSCT from a matched-sibling donor (MSD), reaching 98% 
of disease-free survival in SCD patients younger than 30 
years following myeloablative conditioning regimen31 and 
have expanded the indications to less severe patients. 
Non-myeloablative conditioning regimens have allowed 
for an increased frequency of adult transplants, even in 
the presence of organ dysfunction, offering 87% chances 
of cure with no graft-versus-host disease (GvHD) risk.32,33 

However, such transplants are still limited by the lack of 
matched sibling donors. Recently, haplo-identical HSCT 
using post-transplant cyclophosphamide has allowed to 
strongly increase the pool of donors.34–36 Recent results 
with gene therapy are also promising, giving access to a 
potentially curative treatment to patients with no avail-
able donor and without the risk of GvHD.  
It should be noted that for all of the above-mentioned 
treatments, cost comparison was restricted to a few years 
after treatment intensification and does not reflect the 
lifetime cost of patients undergoing HSCT or initiating HU 
and CTP. Cost distribution was skewed, with a small 
number of patients with very high costs, driving mean 
costs to €23,347.75 after HSCT, €45,075.85 after CTP initi-
ation and €20,752.06 after HU initiation. Even though the 
median gives a better indication of cost distribution 
among patients, this difference between the two 
measures highlights a high variability in HCRU within these 
subpopulations, notably among HSCT patients. Mean 
costs might be considered a better measure of the econ-
omic burden since the costs of these outliers are also 
presented for reimbursement  
The use of the SNDS database allowed to include a ma-
jority of patients with SCD in France and enabled ad-
equate power for analysis of this population, but our study 
has some limitations inherent to secondary database 
analysis. Because of the absence of genotype data, a con-
servative selection algorithm was used to minimize the 
risk of including sickle carriers miscoded for SCD, result-
ing in a possible underestimation of the prevalence of SCD 
in France. Although the general scheme of health insurance 
covers more than 80% of the French population,37 the over-
all prevalence of the disease might be underestimated re-
garding patients covered by other health insurance 
schemes. Furthermore, patients with SCD under temporary 
health insurance coverage (i.e., for patients who recently 
emigrated) were not included because of  identification dif-
ficulties. The non-inclusion of this population in the study 
might further underestimate the population size and over-
all HCRU and costs. The most frequent and severe SCD 
genotype (SS/Sβ0-thalassemia) accounts for approxi-
mately 70% of patients in France,38 while the most se-
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verely affected patients in our study accounted for only 21% 
of the study population. This difference results from the 
lack of clinical and biological data in SNDS that allows to 
precisely estimate disease severity in clinical practice. Con-
sequently, the definition of most severely affected patients 
relied on acute events and treatment utilization in a real-
life setting rather than chronic comorbidities. Altogether, 
this resulted in a possible inclusion of non-severe patients 
in the most severely affected patients subgroup. The avail-
ability of both genotype data and biological variables would 
have allowed a more precise identification of severity pro-
files and assessment of the burden related to severe SCD 
and provided additional insights into the therapeutic man-
agement of the disease and overall burden reported in this 
study. Our results nevertheless confirm the severity sub-
group definition and are coherent with existing literature 
that highlights that the most severely affected patients 
share characteristics that are associated with more acute 
and chronic pain, more hospital re-admissions and an ac-
cumulation of organ damage.39,40 Because this study is de-
scriptive, the relationship between the severity and 
outcomes is yet to be demonstrated. Results for the age 
at death are challenged by the study design that does not 
allow the longitudinal follow-up of patients, causing a 
possible overestimation of life expectancy. Furthermore, 
severity status was defined on index date only, resulting in 
a potential underestimation of the number of most severely 
affected patients by not including patients whose severity 
status appeared during follow-up. Finally, French medical-
administrative databases do not allow to control the data 
validity and quality. Some studies have reported some un-
reliability in the ICD-10 diagnoses coded in the PMSI data-
base.6,41 There is a risk of information bias related to coding 
errors in hospitalization diagnosis; however, considering the 
important number of patients included, this bias is ex-
pected to have a limited impact. 
Despite the limitations and biases identified, this study 
gives a reliable overview of the current prevalence and the 
continuous life-long management of patients with SCD in 

France. The mainstay of SCD treatment remains blood 
transfusion or HU therapy, but SCD still places a significant 
demand on health resources, even more importantly in the 
most severely affected patients and over time. Treatment 
advances that address underlying disease pathogenesis 
and can halt acute and chronic disease manifestation are 
needed to improve the lives of those affected and to al-
leviate the associated healthcare system burden.  
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