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Abstract

Objective:

This retrospective study evaluated iron chelating therapy (ICT) discontinuation and costs in Sickle cell

disease (SCD) Medicaid recipients using healthcare claims from 2006–2010.

Methods:

Patients with �1 SCD diagnosis claim, �2 claims for deferoxamine (DFO) or deferosirox (DFX), and

continuous enrollment �6 months prior to and 18 months following ICT initiation were included.

Outcomes included treatment discontinuation, persistence (i.e., refill gaps �6 weeks), and total

healthcare costs.

Results:

The average age among 404 SCD patients meeting study inclusion criteria was 18.7 (�11.0) years, with

45.8% being males and 66.7% being Blacks. Switches or combinations from DFO at index occurred in 124

(74.7%) patients compared to 10 (4.2%) with DFX at index. The Cox regression model that assessed

long-term medication persistence indicated a 1.30-times higher likelihood of treatment discontinuation with

DFO compared to DFX (95% CI: 1.06–1.61). Some 19.7% of patient remained on DFX relative to 4.8%

on DFO. Both inpatient and total costs were similar in DFX and DFO treatment groups. Following 1 year

of treatment, 37.4% remained on DFX compared to 15.7% on DFO. Meaningful differences in

treatment discontinuation between the two treatment groups did not occur until 220þ days during the

study period. At 18-months, treatment discontinuation rates were high in both groups; 95% for DFO

and 80% for DFX.

Conclusion:

This study of SCD Medicaid patients found more therapeutic switches from DFO to DFX and a higher

medication persistency rate with DFX than DFO. The conclusions are limited by the study’s retrospective

nature, which depends on multivariate statistics to account for patient heterogeneity and risk factors.

Introduction

Sickle cell disease (SCD) is an inherited disorder of the blood that leads to the
production of an abnormal sickle hemoglobin and manifests as hemolysis and
red blood cell rigidity and endothelial adhesion, wherein abnormal red
blood cells may agglomerate and block blood from flowing to organs and
tissues1,2. Within the US, SCD is uncommon and has been recently reported
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to affect between 88,494–89,664 persons, of which 80,151
were Black and 8928 were Hispanic3. The total fees
(charges) for 50 years of life expectancy for SCD patients
have been estimated to be as much as $8.7 million per
patient4.

SCD obtained its name because the red blood cells
assume an abnormal, rigid, sickle shape. The rigid, oddly-
shaped red blood cells can obstruct capillaries and block
blood flow to body tissues causing ischemia and pain.
The key clinical manifestations of SCD include recur-
rent acute painful crises, fatigue, hemolytic anemia,
and chronic organ damage, especially to the heart, lung,
spleen, kidneys, bones, brain, skin, muscle, liver, and
biliary tract1,2,5. Hence, persons with SCD are subject
to an increased prevalence of stroke, occlusive disease,
acute chest syndrome, and immunologic or infectious
conditions1,6. The prevention of early complications
from vaso-occlusive crises remains central to the treatment
of SCD7,8. Although red blood cell transfusion therapy
is recommended in persons with SCD that express
anemic signs and symptoms from damage to their red
blood cells, multiple red blood cell transfusions may pro-
duce iron overload from the iron content of the red
blood cells, potentially leading to cellular damage and
organ failure2,7–9.

SCD patients requiring blood transfusions may require
more frequent hospitalizations than those patients not
requiring transfusions10. Hospitalizations in SCD patients
could be multifactorial in nature, with iron overload
related sequelae being one of the reasons. A study by
Fung et al.10 reported that adult SCD patients requiring
transfusions were 1.4-times more likely to be hospitalized
than pediatric SCD patients11.

Iron-chelation therapies (ICTs) help to eliminate iron
overload by binding with labile plasma iron to form non-
toxic conjugates that can be safely excreted from the body.
These treatments are often necessary in persons requiring
long-term red-cell transfusions, including those with sickle
cell disease, thalassemia major, or myelodysplastic syn-
dromes9. Specific guidelines and consensus statements
for SCD explicitly address the need to use ICTs for trans-
fusion-related iron overload and indicate that prophylactic
therapy is generally preferred among those requiring
chronic transfusions7–9. Deferoxamine (DFO) (Desferal�,
Novartis) was approved by for use in the US in 1968 and is
a parenterally-administered siderophore whose feroxamine
complex is excreted primarily by the kidneys; it is most
often administered via a portable pump for 8–10 h each
day from 5–7 days per week9,12. Approved in 2005, defer-
asirox (DFX) (Exjade�, Novartis) is an orally-adminis-
tered chelator that forms a complex with plasma iron
that is excreted in the bile12. Due in part to its once-
a-day dosing and oral administration route, research has
found that DFX is associated with improved health-related
quality-of-life (HRQoL), medication adherence, and

patient satisfaction13–15. A third chelating agent, deferi-
prone (Ferriprox�, Apotex; Kelfer�, Cipla), was recently
approved in the US in 2011 for thalassemia major patients
when the therapeutic response to current chelation ther-
apy is inadequate9,16.

Limited empirical research has sought to investigate the
long-term persistency of ICTs, and many initial investiga-
tions relied upon subjective measures of medication adher-
ence15. Furthermore, little attention has focused in the
scientific literature upon actual, real-world expenditures
associated with both DFO and DFX12,15,17–22. Given that
patients with SCD that receive chronic blood transfusions
require ICTs, good adherence (i.e., taking medications
day-to-day as prescribed) is necessary to avoid morbidity
and mortality associated with iron overload. As such, the
purpose of this study was to evaluate ICT persistency (i.e.,
continuing treatment for the prescribed duration) and
costs in Medicaid beneficiaries across 10 states in the US
from 2006–2010.

Methods

Data

De-identified health claim records of Medicaid recipients
from 2006–2010 that were present within the Thomson
Reuters Medicaid Marketscan database were used in this
study23. These multiyear longitudinal data, collected
across 10 states in the US, include comprehensive
hospital inpatient and outpatient medical claims,
outpatient prescription drug claims, and Medicaid
enrollment and eligibility information for �6 million
beneficiaries.

Study sample

Patients included in this study had one or more diagnosis of
SCD as identified by an International Classification of
Disease, 9th edition, Clinical Manifestation (ICD-9-
CM) code of 282.6x, two or more claims for ICT medica-
tions (i.e., DFO or DFX), and continuous enrollment for at
least 6 months prior to ICT initiation through 18 months
follow-up period24. Thus, the study’s index date was
defined to correspond with first ICT prescription claim
and the 6-month pre-index period was employed to mea-
sure relevant baseline patient characteristics. Although
the study’s entire time frame spanned 5 years, subjects
were included only if they were continuously eligible to
receive Medicaid benefits for the 24 months study period
(i.e., 6-months pre-index and 18-months post-index).
Based on ICT exposure at the index date, patients
were classified into two groups: patients treated
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with DFO (i.e., DFO use) and patients treated with DFX
(i.e., DFX use).

Outcomes assessed

The principal outcomes analyzed within the current study
included: (1) total direct healthcare costs associated with
SCD-related complications from the perspective of the
payer for the 18-month time period following ICT treat-
ment initiation. Filtering of the data to identify patients
with a list of specific SCD-related complications by ICD-9
codes for these complications was carried out; (2) persis-
tence with ICTs was defined as time to discontinuation of
treatment according to a 6-week or greater medication
refill gap. Persistence was calculated by determining
when ICT refill gap of 6 weeks or more occurred. To deter-
mine refill gaps, a medication possession ratio (MPR) was
first measured according to Steiner and Prochazka25,
defined as the total days of drug supply for each ICT,
divided by the number of days between the first and last
dispensing of the medication plus the days’ supply of last
dispensing. The utilization of ICTs was captured using
National Drug Classification codes (NDC) across both
cohorts of DFO and DFX use; procedural codes (i.e.,
Current Procedural Terminology (CPT), Healthcare
Common Procedure Coding System (HCPCS)) were also
employed for DFO given its route of administration26.
Other variables measured were age on the index date
(including an age categorization of 18 years or older vs
less than 18 years of age), gender, race/ethnicity (i.e.,
Black, Hispanic, White, other), number of transfusion epi-
sodes based upon the number of transfusion days observed,
capitated Medicaid coverage (i.e., being in a healthcare
system in which a medical provider is given a set fee per
patient regardless of treatment required), Deyo-Charlson
Comorbidity Index as a validated measure of co-morbid
disease severity, 6-month pre-index baseline total health-
care costs, and other cost categories (i.e., hospitalization,
outpatient, medication)27,28. Notably, the Deyo-Charlson
Comorbidity Index assesses overall disease comorbidities
and was not necessarily specific to SCD. Multiple transfu-
sion claims occurring on a single day were counted only
once to calculate number of transfusion episodes for each
patient. Therefore, the actual number of transfusions may
be larger than the number of transfusion episodes. ICT
medication switches from DFO to DFX and vice versa
were also assessed during the study period.

Statistical analysis

Analyses were presented overall and according to the
cohorts of DFO and DFX use at baseline, including
switches or combinations. As appropriate, parametric or
non-parametric univariate statistical approaches including

the paired-sample t-test, independent groups t-test,
chi-square, Mann-Whitney U, two-sample Kolmogorov-
Smirnov, or Wilcoxon Signed Rank test were used to
initially assess unadjusted group differences.

A Kaplan-Meier curve was employed to graphically pre-
sent crude treatment discontinuations, with a log-rank test
for equality of survivor functions employed to assess group
differences between DFO and DFX. Subsequently, a Cox
proportional hazards regression model with the Efron
method for ties was used to evaluate the risk of treatment
discontinuation associated with DFO and DFX after con-
trolling for covariates including age (i.e., 18 years or older),
gender, Deyo-Charlson Comorbidity Index, number of
baseline transfusion episodes, and capitated Medicaid cov-
erage29,30. The outcome of healthcare costs in the 18-
month study period following ICT treatment initiation
was assessed via generalized linear models (i.e., gamma
distribution family with log link) using maximum likeli-
hood estimation and controlling for the aforementioned
predictor variables plus baseline pre-ICT healthcare
costs29,31. A post-hoc sensitivity analysis was additionally
conducted for this gamma regression to include the
number of continuous days of ICT medication use as an
offset variable to adjust for potentially differential expo-
sures. Results of both the Cox and gamma regressions
yielded relative risk measures, denoted a hazard ratio or
exp(b), respectively31. Residual diagnostics were
conducted to assess model fit for both the Cox regression
(e.g., Schoenfeld and Martingale residuals) and the gamma
regression (e.g., Anscombe residuals); deviances were also
assessed31. Statistical analyses were conducted using SAS
9.2 (Cary, NC), Stata IC 11.2 (College Station, TX), and
IBM SPSS 19 (Somers, NY). Statistical significance for all
inferential analyses was assessed using an a priori alpha
level equal to 0.05.

Results

Overall, 404 Medicaid enrollees met the study’s inclusion
criteria; complete baseline descriptive information is pre-
sented in Table 1. Across all individuals, the average age
was 18.7 (�11.0) years, with 44.8% (n¼ 181) being 18
years of age or older. Males comprised 45.8% (n¼ 185),
and 66.7% (n¼ 269) were Blacks. A majority (62.4%,
n¼ 252) were enrolled within capitated Medicaid cover-
age plans. The DFO use group comprised 41.1% (n¼ 166)
of the study participants vs 58.9% (n¼ 238) for the DFX
use group. Transfusion episodes were found to differ
between the DFO and DFX groups. The monthly
number of blood transfusion episodes in the baseline
period was 0.61 (�0.53) and 0.45 (�0.55) for the DFO
and DFX group, respectively (p¼ 0.003), while blood
transfusion episodes in the post index period averaged

Journal of Medical Economics Volume 16, Number 1 February 2013

12 Iron chelation adherence in Sickle cell disease Armstrong et al. www.informahealthcare.com/jme ! 2013 Informa UK Ltd



0.64 (�0.54) and 0.49 (�0.57) per month for the two
groups, respectively (p¼ 0.009). Individuals whose ther-
apy was switched over time and received either a new
treatment or combination comprised 33.2% (n¼ 134) of
the sample, with 124 switches or combinations occurring
with DFO at index (74.7% of n¼ 166) and 10 occurring
with DFX at index (4.2% of n¼ 238). The average treat-
ment duration across an 18-month study period was 6.5
(�4.8) months for DFO and 7.6 (�6.5) months for DFX
(p¼ 0.041). Compared to the pre-ICT period, the number

of transfusion episodes increased from 0.45 to 0.50 per
month in the post-index period for the DFX group
(p¼ 0.030).

Persistency and treatment discontinuation
analysis

Overall, long-term persistency was low in all patients.
Figure 1 shows the Kaplan-Meier graph of

Figure 1. Kaplan-Meier graph for treatment persistency between Deferoxamine use and Deferasirox use. yDefined as the drug begun at the index date. Time
at risk¼ 86,336; Log rank test for equality of survivor functions p¼ 0.004.

Table 1. Baseline descriptive characteristics.

Characteristic Deferoxamine usey (n¼ 166) Deferasirox usey (n¼ 238) p-value Overall (n¼ 404)

Age in years, M (SD) 17.7 (�9.4) 19.4 (�12.0) 0.131 18.7 (�11.0)
Age� 18 years, n (%) 69 (41.6%) 112 (47.1%) 0.275 181 (44.8%)
Gender, male, n, (%) 87z (52.4%) 98z (41.2%) 0.026 185 (45.8%)
Deyo-Charlson, M (SD) 0.87 (�1.05) 0.74 (�1.16) 0.258 0.79 (�1.12)
Race

Black, n (%) 115 (69.3%) 154 (64.7%) 0.338 269 (66.7%)
Hispanic, n (%) 1 (0.6%) 2 (0.8%) 0.784 3 (0.7%)
White, n (%) 1 (0.6%) 5 (2.1%) 0.221 6 (1.5%)
Other, n (%) 49 (29.5%) 77 (32.4%) 0.545 126 (31.2%)

Capitated Medicaid coverage, n (%) 96 (57.8%) 156 (65.5%) 0.115 252 (62.4%)
Number of baseline period transfusions, M (SD) 3.7z (�3.2) 2.7z (�3.3) 0.003 3.1 (�3.3)
Comorbidities

Coronary Heart Disease 14 (8.4%) 5 (2.1%) 0.497 7 (1.7%)
Chronic Liver Disease 6 (3.6%) 4 (1.7%) 0.218 10 (2.5%)
Chronic Renal Disease 3 (1.8%) 7 (2.9%) 0.470 10 (2.5%)
Coronary Occlusion with Infarction 2 (1.2%) 10 (4.2%) 0.077 24 (5.9%)
Diabetes 3 (1.8%) 2 (0.8%) 0.387 5 (1.2%)
Hypertension 10 (6.0%) 18 (7.6%) 0.549 28 (6.9%)
Other Cerebrovascular Disease 22 (13.3%) 28 (11.8%) 0.655 50 (12.4%)

yDefined as the drug begun at the index date.
zSignificantly different between groups (independent groups t-test, Wilcoxon Signed Rank test, or �2, p� 0.05).
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treatment discontinuations. Bivariate analysis showed that
treatment discontinuation significantly differed between
DFO and DFX (p¼ 0.004), and meaningful differences
did not appear to occur until over 7 months into the
study period. After 12 months, 15.7% remained on DFO
compared to 37.4% on DFX, further decreasing to 4.8% for
DFO and 19.7% for DFX at 18 months. The median time
of treatment discontinuation across all subjects was 182
days (mean¼ 214) and, according to treatment groups:
171 days (mean¼ 194) for the DFO-use cohort and 211
days (mean¼ 228) for the DFX-use cohort (p50.001).

The Cox proportional hazards regression that assessed
long-term treatment discontinuation after controlling for
various predictors indicated a significant 1.305-times
higher likelihood of treatment discontinuation with
DFO compared to DFX (95% CI: 1.059–1.607,
p¼ 0.012). Persons 18 years of age or older were signifi-
cantly associated with a 1.304-times likelihood of treat-
ment discontinuation (95% CI: 1.059–1.605, p¼ 0.013).
Other predictors were not significantly associated with
treatment discontinuation (i.e., number of transfusion
episodes, male gender, capitated Medicaid coverage,

Deyo-Charlson comorbidity index). The full results of
the Cox regression are presented in Table 2.

Cost analysis

The average unadjusted total healthcare costs per member
per month (PMPM) 6-month pre-ICT baseline and 18-
month study period costs are presented in Table 3.
Across the overall sample, average total pre-ICT costs
were $4988 (�7592) PMPM, or $29,927 (�45,554) per
patient during the 6-month baseline period. The average
total study period costs were $6532 (�8575) PMPM, or
$117,569 (�154,348) during the 18 month post-index
study period. Compared to the pre-ICT period, mean
monthly costs across the two cohorts during the 18-
month treatment period increased, with the mean average
PMPM difference being $554 in the DFO group
(p¼ 0.010) and $2234 in the DFX group (p50.001).
However, the unadjusted post-index PMPM costs between
DFO and DFX of $5176 (�6219) and $7090 (�9812),
respectively, did not statistically differ (p¼ 0.304).

Table 3. Baseline and study period per member per month (PMPM) unadjusted average costs according to treatment groups.

Characteristic Deferoxamine usey (n¼ 166) Deferasirox usey (n¼ 228) p-value Overall (n¼ 404)

Inpatient PMPM Costs [mean (�SD)]
Baseline $2600 (�5938) $3679 (�7958) 0.271 $3236 (�7209)
Study $2742 (�5752) $4062 (�9357) 0.364 $3519 (�8091)

Outpatient PMPM Costs [mean (�SD)]
Baseline $1643 (�1482) $925 (�1317) 50.001 $1220 (�1430)
Study $1374 (�1132)z $904 (�1270)z 50.001 $1098 (�1236)

Medication PMPM Costs [mean (�SD)]
Baseline $933 (�808)z $252 (�675)z 50.001 $532 (�805)
Study $1614 (�1266)z $2124 (�1488)z 50.001 $1915 (�1422)

Total PMPM Costs [mean (�SD)]
Baseline $5176 (�6219)z $4856 (�8428)z 50.001 $4988 (�7592)
Study $5730 (�6340) $7090 (�9812) 0.304 $6532 (�8575)

yDefined as the drug begun at the index date.
zSignificantly different between groups (Mann-Whitney U, p� 0.05).

Table 2. Predictors of treatment discontinuation.

Variable Hazard
ratio

Standard
error

Test
statistic

p-value 95% CI,
lower bound

95% CI,
upper bound

Deferoxamine use (vs Deferasirox)y 1.305z 0.139 2.50 0.012 1.059 1.607
Number of pre-index transfusion episodes 0.982 0.017 �1.08 0.281 0.951 1.015
18 years of age or older 1.304z 0.138 2.50 0.013 1.059 1.605
Male 1.049 0.108 0.45 0.641 0.857 1.285
Capitated Medicaid coverage 1.118 0.117 1.06 0.287 0.911 1.372
Deyo-Charlson 0.988 0.042 �0.29 0.772 0.908 1.074

Cox Proportional Hazard Regression, Efron method for ties; n¼ 404; time at risk 86,336; Log-likelihood� 2015.97; p¼ 0.009.
yDefined as the drug begun at the index date.
zStatistically significant at p� 0.05.
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The gamma regression presented in Table 4 found that
the number of baseline pre-index transfusion episodes,
aged 18 years or older, Deyo-Charlson comorbidity
index, and baseline pre-ICT healthcare costs were signif-
icant predictors of total healthcare costs. The number of
pre-index blood transfusion episodes was associated with
higher costs by a factor of 1.028 (95% CI: 1.001–1.053,
p¼ 0.021) higher costs. Age 18 years and above was asso-
ciated with higher costs by a factor of 1.559 (95% CI:
1.308–1.859, p50.001). The Charlson Comorbidity
Index, Deyo modification (a measure of comorbidities)
was associated with higher costs by a factor of 1.100
(95% CI: 1.021–1.185, p¼ 0.012). Lastly, healthcare
costs in the baseline period were associated with higher
costs by a factor of 1.011 (95% CI: 1.001–1.014,
p50.001). The use of different ICTs did not significantly
impact overall costs. After controlling for transfusion epi-
sodes, age �18 years, gender, capitation, comorbidities,
and baseline costs, the use of DFO vs DFX did not signif-
icantly differ with overall healthcare costs. Results of the
post-hoc sensitivity analysis that controlled for the number
of continuous days of ICT medication exposure across the
18-month study period as an offset variable yielded consis-
tent results wherein no significant differences were noted
in total healthcare costs between DFO vs DFX
(exp(b)¼ 1.163, 95% CI: 0.632–2.138, p¼ 0.628). This
post-hoc analysis was conducted, in part, due to the earlier
observation that the unadjusted average treatment dura-
tions of DFO vs DFX were statistically different and,
hence, suggestive of different exposures which could
have been associated with changes in total healthcare
costs.

Discussion

Using a national database of Medicaid enrollees across 10
states in the US, this study assessed the 18-month persis-
tency and direct costs associated with the use of DFO and

DFX in the treatment of SCD. For the 404 beneficiaries
that met the study’s inclusion criteria between 2006–2010,
treatment discontinuation was high and statistically differ-
ent at 95.2% for DFO vs 80.3% for DFX (p¼ 0.004). After
controlling for several predictors (i.e., age category, trans-
fusion episodes, gender, capitated Medicaid coverage,
Deyo-Charlson comorbidity index), a Cox proportional
hazard regression found DFO use to be significantly asso-
ciated with a 1.305-times higher likelihood of treatment
discontinuation relative to DFX (p¼ 0.012). These find-
ings become particularly relevant when also considering
results of the multivariate cost analysis, which indicated
that no significant difference was present in total health-
care costs between DFO and DFX after controlling for
various predictors. Rather, significant associations with
total healthcare costs were found with baseline transfusion
episodes, age category, baseline costs, and case-mix comor-
bid risk adjustment.

Although other authors have broadly investigated
adherence to ICTs and costs of SCD based across various
settings and populations, the current study extends these
findings by assessing the comparative, real-world patterns
of care surrounding the persistence and costs specifically
associated with parenteral vs oral ICTs. Grosse et al.32

articulated the importance of using large administrative
datasets in addressing health services research for hemo-
globinopathies, including SCD, particularly in the objec-
tive measurement of cost and resource utilization
outcomes. To the authors’ knowledge, the current study
represents the first investigation to also comprehensively
evaluate real-world direct medical costs according to
either DFO or DFX utilization.

Early investigations of ICT adherence were conducted
using subjective physician observations or patient self-
assessments. Therein, Gabutti and Piga33 reported an aver-
age adherence of 64% for DFO over a 30-year time hori-
zon, while Weissman et al.34 reported that 62% of persons
with thalassemia or SCD were adherent to DFO treatment.
In more closely-related work comparing patterns of use

Table 4. Predictors of total healthcare costs.

Variable exp(b) Standard error Z p-value 95% CI,
lower bound

95% CI,
upper bound

Deferoxamine use (vs Deferasirox)y 0.924 0.077 �0.95 0.340 0.784 1.087
Number of pre-index transfusion episodes 1.028z 0.012 2.31 0.021 1.001 1.053
18 years of age or older 1.559z 0.140 4.96 50.001 1.308 1.859
Male 0.948 0.080 �0.63 0.526 0.804 1.118
Capitated Medicaid coverage 0.989 0.082 �0.14 0.892 0.841 1.162
Deyo Charlson 1.100z 0.042 2.51 0.012 1.021 1.185
Baseline healthcare costs (per thousand dollars) 1.011z 0.001 9.68 50.001 1.001 1.014

Generalized Linear Model, gamma distribution family, log link; Maximum likelihood estimation, n¼ 404; Observed Information Matrix (OIM) Log-like-
lihood¼�5031.28; Deviance¼ 202.06; Akaike information criteria, AIC¼ 24.95.
yDefined as the drug begun at the index date.
zStatistically significant at p� 0.05.
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with DFO and DFX, Trachtenberg et al.35 measured adher-
ence through patient self-reports and medical chart
reviews from 2007–2009 among 265 individuals on DFO
or DFX. Results for the short-term non-adherence at 1
month were low, at 8% for DFO and 3% for DFX, although
these values worsened with age; comparative results for
treatment discontinuations in the current study using
claims data were 17% for DFO and 15% for DFX.
Alvarez et al.36 reported via pill counts and patient self-
reports that 29% of 21 children with SCD using DFX were
non-adherent with therapy after 1 year, while Raphael
et al.37 reported 24% non-adherence based upon a retro-
spective chart review of 59 children; the current study
found high percentages of discontinuation at 84% for
DFO and 63% for DFX after 1 year that continued to
decrease by month 18. Based exclusively upon objective
claims data, Jordan et al.15 investigated Medicaid benefi-
ciaries within three states and found median times to treat-
ment discontinuation ranged from 86 days (any DFO
patients) to 253 days (deferasirox switchers).
Comparatively, the current study found the median time
of treatment discontinuation across all subjects to be 182
days (mean¼ 214) and, according to treatment groups:
171 days (mean¼ 194) for the DFO-use cohort and 211
days (mean¼ 228) for DFX-use cohort (p50.001).
Multivariate analyses within both Jordan et al.15 and the
current investigation consistently found that DFO was
associated with statistically higher likelihood of treatment
discontinuation relative to DFX after controlling for other
predictors.

Several studies have investigated overall costs associ-
ated with SCD at both the national and state level4,17,38–

40. Pertaining to medication use, however, Delea et al.20

studied DFO use alone for chelation due to iron overload
from repeated blood transfusions in 39 thalassemia and 106
SCD patients (which included 17 Medicaid enrollees)
using a large US health insurance claims database of 40
million members in over 70 health plans from 1997–2004.
Average annual total medical costs in SCD patients were
reported to be $59,233 ($4936 per month) ($90,044,
$7504 per month, USD 2011), with DFO plus additional
costs for ICT administration averaging $19,621 per year
($1635 per month) ($29,827, $2486 per month, USD
2011); no multivariate analyses were presented by Delea
et al.20 to ascertain the association of DFO with costs after
controlling for other predictors. Mvundura et al.41 and
Amendah et al.42 reported that medication claims among
children enrolled in Medicaid were higher than those
enrolled in commercial insurance plans at $1049 vs $531
($1288 vs $652, USD 2011), although average total
expenditures were lower in Medicaid at $11,075 vs
$14,722 ($13,601 vs $18,081, USD 2011), despite a similar
number of outpatient blood transfusions41,42. In descrip-
tive terms, the current study found annualized total overall
medical costs of $78,384 ($6532 per month) ($85,839,

$7153 per month, USD 2011). Therein, combined annu-
alized medication plus outpatient costs were $23,640
($1970 per month) ($25,888, $2157 per month, USD
2011) for the DFO-only cohort vs $36,240 ($3020 per
month) ($39,687, $3307 per month, USD 2011) for the
DFX-only cohort. Although the lower descriptive cost
observation for DFO vs DFX in the current investigation
may have been driven by its significantly higher treatment
discontinuation rate, no significant difference in total cost
was ultimately found between the two ICTs after control-
ling for various predictors in the multivariate analysis.

The present investigation allowed for actual patterns of
care to be analyzed, focusing upon naturalistic settings
(i.e., effectiveness) rather than clinical trial settings (i.e.,
efficacy)43. However, this study was retrospective in nature
and patients were not randomized to either DFO or DFX
like they are in clinical trials. Hence multivariate statistics
were used to account for patient heterogeneity and risk
factors29,31. Despite this, several limitations must be
noted. Foremost, severity of SCD could not be determined
given the retrospective and administrative nature of the
national database. While an 18-month treatment horizon
was studied, this time frame may be insufficient to measure
long-term effectiveness of either ICT or SCD complica-
tions. As the population being evaluated were Medicaid
enrollees, any reimbursement restrictions that might have
limited the use of ICT treatment from 2006–2010 were not
assessed due to lack of specific location-related informa-
tion for each patient. Furthermore, while total direct
healthcare costs were measured from the perspective of
Medicaid, results may not be generalizable other patient
populations or health systems that utilize different cover-
age mechanisms. In addition, the results from this analysis
may not be generalizable to other countries with different
health system structures and costs. The medication costs
presented in this analysis included all medication use and
was not restricted to ICT alone. Finally, the use of a 6-
month pre-index time period without ICT use may have
introduced selection bias. While the strength of this
approach was that it identified new starts or new restarts
on ICT, it would have excluded patients that were already
adherent with ICT. Another strength of this approach is
that the 6-month pre-index period allowed baseline data
to be collected that was then used to control for patient
differences (e.g., baseline costs) in the multivariate analy-
sis, which increased internal validity.

The implications of the current study are particularly
important when considering the role of payers and pro-
viders in a public health context44,45. The economic, clin-
ical, and humanistic impact of iron overload may become
substantial and poor adherence to ICTs may contribute to
increased morbidity, health-related quality-of-life, and
costs37,46–48. The long-term ramifications of non-adher-
ence to ICTs in persons with iron overload may manifest
in clinical complications, particularly hepatic failure,
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iron-induced cardiomyopathy, or pancreatic iron deposi-
tion9. Based upon cost-effectiveness and cost-utility anal-
yses, DFX has been reported to be cost-effective relative to
DFO in the treatment of transfusional iron overload from
the perspective of payers both in the US and UK12,17–22.
These models, however, assumed high compliance across
patient populations, which do not appear to correspond to
actual patterns of care12. It is also important to note that
persons with SCD have reported significant barriers in
access to healthcare, particularly those associated with
delays in treatment49. Predictors of non-adherence in
SCD remain complex and multifaceted and current sug-
gestions state that an integrated team approach involving
healthcare providers, family caregivers, and treatment
centers be utilized to achieve optimal results with chronic
therapies35,48.

Overall, the current findings suggest that payers and
providers should review the care of SCD patients with a
goal of identifying those that may have prematurely dis-
continued ICT treatment. Approximately 5% remained
on DFO vs 20% for DFX after 18 months in this investi-
gation. Despite this, overall healthcare costs did not differ
between DFO vs DFX. As persons with SCD may alter the
utilization of their medications for several reasons, future
research should be directed toward identifying and imple-
menting multifaceted patient-centered programs to
optimize long-term persistency and outcomes.

Conclusion

The investigation of real-world ICT utilization patterns
among Medicare beneficiaries with SCD across 10 states
from 2006–2010 in the US found that�95% of individuals
discontinued use of DFO and 80% of individuals discon-
tinued use of DFX 18-months following treatment initia-
tion. After multivariate analyses controlled for various
predictors, total healthcare costs did not differ between
DFO and DFX, even though treatment discontinuation
was 1.305-times higher with DFO. Public health concerns
surrounding patient persistency with ICTs places a respon-
sibility on payers and providers to evaluate drug utilization
patterns in order to identify poor persistence and risk of
discontinuation in this vulnerable population. The results
from this analysis may not be generalizable to other coun-
tries or health systems.
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