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Introduction: Hydroxyurea has been the only drug useful in reducing transfusion requirements in a few p-thalassemia patients.
However, there have not been many studies to evaluate the long-term efficacy and safety of this drug. Itis also unclear whether genetic
and epigenetic factors contribute to the variable response to hydroxyurea. Materials and Methods: A retrospective analysis of 56
transfusions dependent f3-thalassemia intermedia and 43 -thalassemia major patients on hydroxyurea therapy (15-20 mg/kg/day)
followed for 4.5 £ 0.5 years was undertaken. f-thalassemia mutations, a-genotypes, Xmn-I polymorphisms, 3- single nucleotide
polymorphism (SNPs) in the BCL11A gene, and 2-SNPs in the HBSIL-MYB intergenic regions were studied. Results: A total of
30 B-thalassemia intermedia patients were good-responders (maintain hemoglobin >7.5g/dL without transfusions), whereas 26
B-thalassemia intermedia and 43 B-thalassemia - major patients were non-responders. The age at first clinical presentation was
significantly higher among the responders (84.2+56.0 months). The presence of Xmn-I (+/+) was significantly higher among
the responders. None of the other genetic factors such as B-thalassemia mutations, a-thalassemia or polymorphisms in BCLI1A
(rs11886868, rs766432, and rs4671393), and HBSIL-MYB genes (1s9399137 and rs4895441) showed any correlation with
response to therapy. Conclusion: Nearly 53.6% of B-thalassemia patients with late onset of symptoms (transfusion requirements
after 4-5 years of age) showed a good long-term response to hydroxyurea therapy. Apart from the Xmn-I polymorphism, none of
the other genetic determinants contributed to the variable response to hydroxyurea therapy in Indian patients.
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and epigenetic markers influencing the phenotype of the
disease.”

INTRODUCTION

-thalassemia is an autosomal recessive disorder of

hemoglobin (Hb) production caused by a reduced
amount (B*) or absence (f°) of B-globin chain synthesis
resulting in a relative excess of unbound o-globin chains
that precipitate in erythroid precursors leading to ineffective
erythropoiesis.'! The pathogenesis of B-thalassemia is
a complex, multisystem process with different genetic

An estimated 1.5% of the global population are carriers of
B-thalassemia, with about 60,000 symptomatic individuals
born annually.’! In India, the carrier rate for B-thalassemia
varies from 1% to 17%""! among certain high-risk
communities with an average frequency of 3—4%(%" and an
estimated birth of 8000-10,000 babies with severe forms
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of thalassemia each year. Few of them receive optimal
treatment® while the majority die early as a consequence of
severe anemia and iron overload.*®!

Hydroxyurea has been successfully used to induce fetal Hb
(HbF) production and reduce the clinical severity of sickle cell
disease (SCD) patients.”''! However, the response has been
variable among [B-thalassemia patients with B-thalassemia
intermedia cases and few HbE-B-thalassemia being more
responsive to the therapy with no further transfusion
requirements than those with B-thalassemia major.['*1¢]

As the response to hydroxyurea therapy in individual
B-thalassemia patients is unpredictable, the question remains
as to who will respond to this drug and for how long? Many
genetic markers linked and unlinked to the 3-globin gene have
been shown to induce HbF production. The three quantitative
trait loci present on chromosomes 6, 8 and the X-chromosome
have shown some promise in having regulatory roles in the
production of HbF and response to hydroxyurea in patients
with sickle cell anemia.!'”

Furthermore, several other single nucleotide polymorphism
(SNPs) located in intron 2 of the BCL 114 gene on chromosome
2, which is a transcription factor responsible for y to
B-globin switch during erythroid differentiation'®'”) and the
HBS1L-MYB intergenic region on chromosome 6, responsible
for y-globin regulation which also influences the y to 3-globin
switch2!l have been shown to influence HbF level in adults,
and thus, they could be associated with a milder phenotype
and better response to hydroxyurea therapy.

Here, we present an extended 4.5 £+ 0.5 years follow-up of
our earlier described cohort of P-thalassemia patients on
hydroxyurea therapy to understand the long-term efficacy of
the drug and an analysis of the genetic polymorphic markers
situated on BCLI/14 and HBSIL-MYB genes, in addition to
the Xmn-I polymorphism known to influence HbF synthesis,
to evaluate their contribution to the response to hydroxyurea
therapy in Indian B-thalassemia patients.

MATERIALS AND METHODS

A total of 99 p-thalassemia patients on hydroxyurea
(Cytodrox, Cipla Ltd., Mumbai) therapy (15-20 mg/kg/day)
were followed up for 4.5 + 0.5 years. These include 56
B-thalassemiaintermediapatients (age 3—44 years) (27 - males
and 29 - females) who clinically presented between the ages
of 3 and 17 years and most of whom became transfusion
dependent thereafter and 43 B-thalassemia major patients (age
11-28 years) (23 - males and 20 - females) who presented
within the 1% year of life with regular BT requirements
thereafter. A 2 years’ follow-up data of 79 patients on
hydroxyurea therapy had been reported by us earlier.!'”
However, this study evaluates whether hydroxyurea has the

same efficacy for an extended period on the same patients as
seen earlier.

As described earlier,[”! those patients whose age at clinical
presentation was over 2 years and the Hb level at presentation
was >6 g/dL with the frequency of transfusions being
every 3—6 months initially were labeled as [-thalassemia
intermedia. However, the majority of these patients had
subsequently become transfusion dependent before starting
hydroxyurea therapy.

After the approval by the Ethical Committee of our institute
for this study, an informed consent in writing was taken
from all the patients and parents of pediatric patients before
enrolling them for hydroxyurea therapy.

The clinical history and anthropometric measurements were
recorded in all cases before starting therapy. A monthly
follow-up of these patients to evaluate the clinical and
hematological changes was done after starting hydroxyurea
therapy. The number of remaining capsules of hydroxyurea
during each follow-up evaluated the therapeutic adherence.
Hydroxyurea was stopped if a fall was observed in
the neutrophil counts (<2.5 x 10%ul), platelet counts
(<80 x 10%ul), and Hb level (<6 g/dL). Furthermore,
monitored was the hair loss, gastrointestinal problems,
rash and liver, and kidney functions. Hydroxyurea was
administered only to those patients whose follow-up and
therapeutic adherence was ensured. The patients were also
on folic acid tablets (5 mg/day) and standard iron chelators
deferiprone or deferasirox as recommended. A good response
to the therapy was indicated by maintenance of the steady
state Hb level above 7.5 g/dL without any further BT.[!]

Hematological Studies

Hematological analysis of the patients, their parents, and
available siblings was done using blood collected in EDTA
vacutainers. Sysmex K1000 hematology analyzer was used
for a complete blood count, and standard methods were used
for peripheral blood smear examination and reticulocyte
count. Hb analysis was done on the Variant Hb Testing
System (Biorad Laboratories, Inc., Hercules, CA, USA).
Serum ferritin levels were measured by ELISA (Demeditec
Diagnostics GmbH, Kiek, Germany).

Molecular Analysis

The [-thalassemia mutations were characterized as
described earlier!™ by reverse dot blot hybridization,
amplification refractory mutation system® or by automated
DNA sequencing on the ABI prism-310 sequencer for
uncharacterized mutations. Xmn-I polymorphism was studied
by PCR and restriction enzyme digestion.??’ Multiplex PCR
was used to detect 8 agene deletions.?® Three SNPs in the
BCL11A4 gene (rs11886868, 15766432, and rs4671393) and
2 SNPs in the HBS1L-MYB intergenic region (rs9399137 and
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rs4895441) was studied using PCR and DNA sequencing on
the ABI-310 automated DNA sequencer using the BigDye
terminator kit (Applied Biosystems, Foster City, California,
USA).

Statistical Analysis

The hematological values before starting hydroxyurea therapy
were compared with those after therapy using the Wilcoxon
Signed-Rank Test and data were presented as mean+SD, and
P <0.01 was considered statistically significant. All statistical
analysis was done using the SYSTAT 10 software.

RESULTS

A total of 30 of the 56 B-thalassemia intermedia patients
(53.6%) responded to hydroxyurea therapy and became
transfusion independent (good-responders) with Hb levels
being maintained >7.5 g/dL. 26 B-thalassemia intermedia
patients and 43 p-thalassemia major patients did not
respond well to hydroxyurea therapy and eventually
stopped hydroxyurea therapy after 6 months and
continued to be transfusion dependent (non-responders).
The mean age at presentation was 84.2 £+ 56.0 months
among the responders and 28.3 + 27.3 months among
the non-responders [Figure 1]. This difference was
statistically significant (P < 0.001). 23.3% of the patients
(7 out of 30) who responded to hydroxyurea therapy were
splenectomized.

One of the responders (aged 20 years) became transfusion
dependent again after 3 years on hydroxyurea therapy and
another responder (aged 18 years), who had uncontrollable
diabetes, died due to septicemia. Four patients stopped
coming to our center for follow-up as they found an alternative
center close to their place of residence, and hence we lost
their follow-up. Six B-thalassemia intermedia patients and
13 B-thalassemia major patients had shown a 50% reduction
in their transfusion requirements (partial-responders) after
6 months of starting hydroxyurea therapy. However, after
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Figure 1: Mean age at presentation of the disease among
responders and non-responders

22 months on therapy, these partial-responders could not
maintain the required Hb levels and gradually became
transfusion dependent showing no beneficial effect of
hydroxyurea therapy and hence were considered as non-
responders to hydroxyurea therapy which was discontinued
later.') Responders also reported a general well-being in
their physical condition with improvement in the day-to-day
quality of life.

The hematological parameters of the patients before and
4.5 £ 0.5 years after hydroxyurea therapy are given in
Table 1. The responders showed a statistically significant
increase in Hb, mean corpuscular volume, and HbF after
hydroxyurea therapy. A decrease in the serum ferritin was
seen in both the groups; however, the difference was not
statistically significant. Repeated episodes of neutropenia
were seen in 14 patients after which hydroxyurea was
discontinued, and the patients were categorized as non-
responders. Besides these, the drug was well tolerated in
the other patients.

Molecular characterization of the p-thalassemia mutations
showed that 9 responders were homozygous for the IVS1-
5(G—C) mutation and 5 were homozygous for the IVSI-
1(G—T) mutation. Other mutations seen in responders
were Cap sitet1(A—C), —88(C—T), codon 15(G—A),
codon 16(C—T), codon 30(G—C), codon 41/42(-CTTT),
IVSII-837(T—G), and the 619 bp deletion. Two patients
were compound heterozygous for B and Of-thalassemia
and one was homozygous for of-thalassemia. The most
common Indian mutation IVS1-5(G—C) was present in
the homozygous condition in 17 non-responders. The other
mutations seen among the non-responders were IVSI-
5(G—T), codon &/9(+G), IVS 1-1(G—T), codon 41/42(-
CTTT), codon 30(G—C), codon 5(-CT), codon 16(-C), Cap
site +1(A—C), codon 15(G—A), —87(C—QG), codon 55(-A),
-88(C—T), and the 619 bp deletion. The percentage of %/
B° and B*/B thalassemia mutations among the responders
and non-responders was 40% and 36.7% and 31.9% and
31.9%, respectively. One patient was heterozygous for the
IVS1-5(G—C) mutation with associated o-gene triplication
and two patients were compound heterozygous for - and
dp-thalassemia. No correlation was found between different
B-thalassemia genotypes and response to hydroxyurea
therapy.

Table 2 shows the analysis of 3 SNPs in the BCLI/A gene
(rs11886868, rs766432, and rs4671393), 2 SNPs in the
HBSIL-MYB intergenic region (rs9399137 and rs4895441),
the Xmn-I polymorphism (rs7482144) and o-genotypes
among the two groups. Except for the Xmn-I polymorphism,
no other genetic marker showed any statistically significant
correlation between the responders and non-responders to
hydroxyurea therapy. However, associated a-thalassemia was
more common among the responders.
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Table 1: Hematological parameters of 3-thalassemia patients before and after hydroxyurea therapy

Parameters Responders (n=30) Non-Responders (n=69)
Before starting HU After HU (4.5+0.5 years) Before starting HU After HU
Hb (g/dL) 7.5+1.5 8.9+1.4* 7.7+1.3 7.3+1.0
MCV (fL) 73.1£7.9 78.4+9.8* 81.1£6.9 83.2+7.8
MCH (pg) 23.5+£3.2 25.0+£2.9 27.9+3.4 27.5+2.4
MCHC (g/dL) 31.8+2.4 32.0+1.8 34.3+2.8 32.9+1.8
HbF (%) 49.5+35.3 83.0+27.7** 8.8+14.7 21.1+17.2*
HbF/F-cells (pg) 16.8+6.2 22.7+6.0** 7.3x4.5 12.2+5.6*
Serum ferritin (ng) 3943.8+4311.6 2814.7+3724.9 6165.7+3296.6 4744.5+2633.1*

Values are Mean+SD, *=P<0.01, **=P<0.001

DISCUSSION

Hydroxyurea is the only hope for a few -thalassemia patients,
besides bone marrow transplant. The exact mechanism of
action of hydroxyurea though unclear, it is believed to act
through many different ways; one of them being the induction
of HbF synthesis thereby reducing the amount of unbound
o-globin chains which, in turn, reduces membrane damage,
hemolysis and helps to maintain a stable Hb level.

Many studies have shown a good response to hydroxyurea
therapy in a few sets of B-thalassemia patients;!'>'> however,
an extended study was required to evaluate the long-term
efficacy of this drug on the transfusion requirements of
the patients. Here, we carried out an extended follow-up
(4.5 £0.5 years) of P-thalassemia patients on hydroxyurea
therapy and compared the clinical outcome with that seen
after the initial 2 years’ follow-up of 79 of these patients
on hydroxyurea therapy. We had reported earlier that 58%
of P-thalassemia intermedia patients became transfusion
independent whereas 16% of p-thalassemia intermedia
patients showed a 50% reduction in transfusion requirements
after hydroxyurea therapy. Among the B-thalassemia major
patients, only 32% had shown a 50% reduction in their
transfusion requirements after hydroxyurea therapy.["
Further, in this study, we also tried to correlate the response
to hydroxyurea therapy with some of the well-established
molecular markers of HbF induction or those that could
reduce clinical severity of the disease in terms of transfusion
requirements to understand their role in predicting the
response to hydroxyurea therapy.

A decrease in the efficacy of hydroxyurea therapy after a long-
term follow-up (45—-66 months) was shown in patients who
initially had a good response.?¥ This was further supported
by Rigano et al. 2010 who observed desensitization to
hydroxyurea therapy after a long-term follow-up in both in
vivo treated patients who were good responders in the short-
term follow-up and in vitro in erythroid treated cultures.*
This may lead to the hypothesis that long-term toxic effect

of hydroxyurea on bone marrow stem cells may lead to drug-
related bone marrow failure leading to reduced hematopoietic
stem cell proliferation and differentiation. Our studies are in
agreement with these results as we also found a decrease
in efficacy of hydroxyurea therapy in our patients who on
a short-term follow-up of 22 months had earlier shown a
50% reduction in transfusion requirements.['"> These patients
were gradually unable to maintain stable Hb for >30 days
and hence went back on their regular transfusion regimen
and stopped hydroxyurea therapy. However, those patients
who were good responders to the therapy maintained stable
Hb (>7.5 g/dL) and did not require transfusions for >4 years
proving the long-term efficacy of hydroxyurea.

Mtvarelidze et al. showed a remarkable response to
hydroxyurea therapy in 3 out of 6 P-thalassemia patients
with regular BT requirements. These patients remained
transfusion-free for 5 years on hydroxyurea therapy.?®

El-Beshlawy ef al. showed a follow-up (35.4 + 19.2 months)
of 100 patients on hydroxyurea therapy. 33% of the patients
became transfusion-free with a statistically significant
increase in Hb, HbF, and a significant decrease in serum
ferritin after hydroxyurea therapy and 46% were partial
responders. No correlation could be established with respect
to age, sex, or genotype toward the prediction of response to
hydroxyurea therapy.?”? Our study also showed a reduction
in serum ferritin levels in both the groups after hydroxyurea
therapy. This is in agreement with our earlier report where
hydroxyurea has been shown to be a potential iron chelator
in an animal model and transfusion-dependent -thalassemia
patients.[282%

Many genetic markers such as the Xmn-I polymorphism,
polymorphisms on the BCL114 gene and the HBSIL and MYB
intergenic region, -globin gene mutations, and o-thalassemia
have been suggested as predictive markers of high HbF and
hence better response to hydroxyurea therapy. However, they
were not completely dependable for determining the response
to hydroxyurea therapy as none of the marker except the
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Table 2: Presence of genetic modifiers in the responders and non-responders of hydroxyurea therapy

Genotype Responders 30 (%) Non-responders 69 (%) P value
BCL11A rs11886868 (Favorable allele — C)

C/C 26.6 30.4 P>0.01

T/C 50.0 55.3 P>0.01

T/T 23.4 14.3 P>0.01
BCL11A rs4671393 (Favorable allele — A)

A/A 3.3 6.1 P>0.01

G/A 30.0 18.5 P>0.01

G/G 66.7 75.4 P>0.01
BCL11A rs766432 (Favorable allele — C)

C/IC 3.3 4.3 P>0.01

C/A 23.3 23.2 P>0.01

A/A 73.4 69.6 P>0.01
HBS1L-MYB rs4895441 (Favorable allele — G)

G/G 3.3 0 P>0.01

AG 20.0 37.9 P>0.01

A/A 76.7 62.1 P>0.01
HBS1L-MYB rs9399137 (Favorable allele — C)

C/IC 3.3 0 P>0.01

T/C 16.7 35.8 P>0.01

T/T 80.0 61.2 P>0.01
B-globin - Xmn | rs7482144 (Favorable allele — T)

T/T 73.3 20.3 P <0.001

T/C 16.7 37.7 P>0.01

C/C 10.0 42.0 P <0.001
o-genotype

oo/owor 60.0 76.8 P>0.01
a-gene deletion

—o37/owot 30.0 17.5 P>0.01

—037/-037 10.0 4.3 P>0.01
a-gene triplication 0 1.4 P>0.01
[-genotype

B*/p* 36.7 31.9 P>0.01

B+/p° 13.4 34.8 P>0.01

pe/pe 40.0 31.9 P>0.01

[Be/3pe 6.6 0 P>0.01

SP/5R° 3.3 0 P>0.01

B*/oou 0 14 P>0.01

Xmn-I showed a statistically significant difference between
the two groups. Thus, the quest to understand the predictive
markers for hydroxyurea therapy continues.

Roy et al. demonstrated a significant association of
rs2071348 on the HBBPI gene and rs4895441 on the

HBSIL-MYB gene and Xmn-I polymorphism with high
HDF levels in 31 B-thalassemia patients.B” Neishaburg et
al. studied the influence of polymorphisms in the BCLI1A
gene and at the polymorphic palindromic sequence of
the locus control region (LCR) 5’HS4 in 100 patients.
Only the polymorphism at the LCR 5’HS4 was found to
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be statistically significant in determining the patient’s
phenotypic variability.*!

Banan et al. studied the SNPs in the BCLI14 gene (rs766432
and rs4671393) and the HBSIL-MYB gene (rs9399137, and
rs4895441)in 89 transfusions dependent Iranian B-thalassemia
patients to predict the responders to hydroxyurea therapy. Of
the 89 patients, 41 were good responders whereas 26 patients
were medium responders and 22 were non-responders. These
responders showed a significant correlation with the presence
of the Xmn-I polymorphism and the presence of C and A
alleles in the BCL114A SNPs (rs766432 and rs4671393).5%
Our study showed no statistical correlation with these SNPs
in the BCL11A gene and SNPs in the HBS1L-MYB intergenic
regions and the responders to hydroxyurea therapy.

Genetic modifiers of HbF levels have also been evaluated in
SCD patients. Lettre et al. demonstrated a 20% variation in
HbF levels in SCD patients due to the polymorphisms in the
BCLI11A, HBSIL-MYB, and y-globin gene (HBG2) and these
SNPs were also associated with pain crisis rate in SCD.B3!
Sheehan et al. showed 3 polymorphisms in the BCLIIA gene
(rs1427407, rs7557939, and rs11886868) associated with a
significant increase in the baseline Hb and HbF as compared
to the wildtype and these BCL11A4 gene polymorphisms and
HBS1L-MYB intergenic region polymorphisms (rs28384513
and rs9399137) showed no influence on the degree of HbF
increase in the 94 pediatric SCD patients on hydroxyurea
therapy besides influencing the baseline HbF.*¥ Similarly,
Green et al. showed that SNPs in the BCL//4 and HBSIL
genes were not responsible for the increase in HbF, rather
a polymorphism in the HBE loci was associated with the
hydroxyurea-induced HbF increment in SCD patients.5’!

The cAMP and ¢cGMP induces HbF in primary erythroid
cells by downregulating the BCL11A4 gene thus providing the
therapeutic scope for induction of HbF in these patients.>®
Basak et al. reported a rare microdeletion of 2p15—p16.1 in
the BCL11A4 gene resulting in the persistence of HbF in adult
life. The patients with this deletion also showed an autism
spectrum disorder and developmental delay suggesting
the role of BCLIIA gene in silencing HbF in adult life and
neurodevelopment.”

Alebouyeh et al. demonstrated an increase in Hb concentration
and a reduction or independence in transfusion requirements
after hydroxyurea therapy in transfusion-dependent Iranian
patients; however, the response was attributed to the
presence of Xmn-I (T) polymorphism and the less severe
B-thalassemia mutation IVS2-1(G—A).l'" Karimi et al.
showed that 78% of the regularly transfused p-thalassemia
intermedia patients (age at presentation >2 years) showed a
good response to hydroxyurea therapy (transfusion-free)."
Dixit et al. demonstrated a good response to hydroxyurea
therapy in thalassemia intermedia patients (45.9%) who

started transfusion after 5years of age and were on
occasional transfusion or a regular transfusion regimen before
hydroxyurea therapy.’”? El-Beshlawy et al. showed that the
mean age at diagnosis of P-thalassemia intermedia patients
was 4.11 + 1.68 years of which 25 patients were frequently
transfused before hydroxyurea therapy whereas after
hydroxyurea therapy only 2 were regularly transfused, and
the rest became transfusion independent.?”’ Our results are
in agreement with these studies, and a statistically significant
difference was observed between the age at presentation
among the responders and non-responders to hydroxyurea
therapy [Figure 1]. We, therefore, suggest that the best
indicator to start hydroxyurea in -thalassemia patients is the
age at presentation and those patients presenting after 2 years
of age are more likely to respond even if they are transfusion
dependent.

Thus, response to hydroxyurea therapy in [-thalassemia
patients remains a mystery as there is no genetic marker
which can accurately predict the response to the drug.
However, our study suggests a good response to hydroxyurea
therapy in those B-thalassemia patients who presented late
with severe anemia and subsequently required transfusion
therapy. Long-term efficacy can be ensured if the patient
is a good responder to hydroxyurea therapy, not requiring
transfusion and maintaining a stable Hb above 7.5 g/dL.
None of the genetic determinants studied were useful in
predicting the variable response to hydroxyurea therapy in
Indian B-thalassemia patients.

CONCLUSION

This study shows that the long-term use of hydroxyurea in
B-thalassemia patients is safe. However, no genetic marker,
except Xmn-I polymorphism to some extent, can predict
the response to hydroxyurea therapy. Our study also proved
that the late onset of the disease showed a better response to
hydroxyurea therapy.
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