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Objective: To assess the efficacy and safety of thalidomide in
children with transfusion-dependent thalassemia.

Methods: This prospective, single center, open-label study
enrolled children aged 12-18 years, and who received thalidomide
for a duration of 6 months at a starting dose of 2-3 mg/kg/day.
Efficacy was assessed by reduction in transfusion requirement
and rate of fall of hemoglobin. Efficacy was classified as major,
moderate and minimal/no response depending on the reduction in
transfusion requirement. Safety was assessed by adverse effects
related to thalidomide.

Results: 37 children [mean (SD) age, 14.7 (1.8) years were
included. Rate of fall of hemoglobin reduced from a mean of 1.0
(0.24) g/week pre-thalidomide therapy to 0.58 (0.26) g/week after
6 months of thalidomide (P<0.001). 19 children (51.3%) had major

response and 12 (32.4%) had moderate response. In 13.5% and
32.4% children response was observed within the first and second
month of therapy, respectively. 15 (40.5%) children remained
transfusion - free for a median (IQR) time of 6 (3-10) weeks of
thalidomide therapy. Mean serum ferritin (SD) decreased from
1758.9 (835.1) to 1549.6(1016.9) (P<0.001). Mean HbF (SD)
showed an increase from 2.95(2.6) to 49.2(33.3) (P<0.001). In 32
children, 47 adverse events were observed. Common adverse
events were constipation and neutropenia (mostly mild).

Conclusions: Thalidomide resulted in major/moderate response
in majority of children with transfusion-dependent thalassemia
with satisfactory adverse effect profile.
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requirement.

Hemoglobin F,

oexistence of hereditary persistence of fetal

hemoglobin (HbF) in patientswith transfusion-

dependent thalassemia (TDT) reduces the

severity of the disease with several of them
becoming non-transfusion dependent. Thisclinical benefit
of increased HbF appears to be due to a decrease in the
imbalance between B and non-f chains, resulting in
reduction of ineffective erythropoiesisand hemolysis[1].
Based on these observations, many drugs including
hydroxyurea, butyrate, 5-azacytidine etc have been studied
asinducersof HbFfor patientswith thalassaemiaand sickle
cell disease (SCD) (2-6).

Thalidomide, a drug known for its immuno-
modulating and anti-angiogenic properties, has recently
been demonstrated to induce globin gene expression and
to increase the proliferation of erythroid cells [7].
Experience with use in non-TDT (NTDT) and TDT is
limited [8-10]. A recent study has shown major response
(hemoglobinrise>2 g/dL) in 50% and 71 % at one month
and three month of therapy, respectively in patients with
NTDT [11].

INDIAN PEDIATRICS

In patients with TDT, a recent study showed mean
hemoglobinincreasefrom 8.9 g/dL t010.5(1.18) g/dL after
6 months of thalidomide treatment [12]. Ramanan and
Kelkar from Pune have reported over 50% reduction in
serum ferritinin 59 (50%) patientswith thalassemia[13].
This study was thus undertaken to assess the efficacy of
thalidomidein reducing transfusion requirement and iron
overload and to assessitssafety in patientswith TDT.
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METHODS

This prospective single-center open-label study was
conducted in atertiary care public hospital of Indiafrom
October, 2019toApril, 2020. The Study included children
with TDT aged 12-18 yearsenrolled from thethalassemia
day care center, after detailed counselling regarding the
study and explaining the adverse effects of use of
thalidomide. Out of 37 patients, 4 had HbE-B-thalassemia,
but were clinically behaving as TDT. No patient in this
study was on hydroxyurea. Those having HIV, hepatitisC
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or hepatitis B infection, known neurological problems,
known chronic systemic disease, hypersplenism, and
patients with vitamin B12 or folate deficiency were
excluded. Post- pubertal girlswere enrolled immediately
after menstrual period. Ethical clearancewasobtained from
institutional ethics committee and approval of Drug
Controller Genera of India(DCGI) wasobtained for use of
thalidomide for a new indication. A written consent was
obtained from the parents/ caregivers and assent was
obtained from the participating children.

Thesamplesizewascalculated using Epi Info (https:.//
www.openepi.comy/SampleS ze/SSMean.htm). A sample
size of 32 children was calcul ated considering the current
mean packed red blood cell (RBC) requirement of 220 mL/
kglyear and likely minimum 10% reduction in annual
packed RBC requirement when thalidomide is provided.
The sampl e size was computed considering the two tailed
test with an apha error of 0.05 and power of 80%.
Considering adrop out of 15%, afinal sample size of 37
childrenwasenrolled in the study.

Detailed history and examination wasdoneat baseline
and during each follow up visit at 2-4 weeksinterval. At
follow visits, enquirieswere made specifically for consti-
pation, sedation and neurological symptoms. Baseline
investigations included complete blood counts, absolute
reticulocyte count (ARC) (using XN-1000 automated
hematol ogy analyzer, Sysmex Corporation). Prothrom-bin
time (PT), activated partial thromboplastin time (aPTT)
and d-dimer level swere performed on STA compact Stago
automated coagulo-meter (Diagnostica Stago). These
investigations were repeated every four weeks. Hemo-
globin F (HbF) levelswere estimated at baselineusing Bio
Rad Variant Il (BIORAD, US) and wasrepeated at theend
of study at 6 months.

The goal of transfusion therapy was to keep pre-
transfusion hemoglobin level between 9-10.5 g/dL.
Thalidomide was started at dose of 2-3 mg/kg for 24
weeks [12]. Thalidomide was used in rounded-off value
and different strengths were also created using empty
capsules containing 25 mg drug. If the patient was
showing response and was free of adverse effect, the
same dose was continued. The dosewasincreased upto 3-
4 mg/kg in cases with no response with initial doseif the
drug waswell tolerated (maximum dose given to patients
was 3.7 mg/kg/day). Ecosprin was not given to any
patient enrolled for the study, irrespective of dose of
thalidomide, except for the patient who were splenecto-
mized or transiently for patients with increased
D-dimer, during monitoring.

Theresponseto thalidomidetherapy wasal so assessed
as mean change in rate of fal of hemoglobin and
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transfusion requirement during study period. Thelevelsof
pre-transfusion hemoglobin, fetal hemoglobin, ARC and
serum ferritin were al so compared. Subjectswith morethan
50% reduction in transfusion requirement as compared to
pre-study transfusion requirement wereclassified ashaving
major response (Group 1); thosewith 25-50% reductionin
transfusion requirement were classified as moderate
response (Group 2), and thosewith lessthan 25% decrease
in transfusion requirement were classified as minimal/no
response (Group 3).

Satistical analysis. The response was dsatistically
analyzed, using paired t test. Inthethree groups, response
was compared using ANOVA test. Post-hoc analysiswas
aso performed for finding out the statistically significant
differences. P value of less than 0.05 was considered as
statistically significant.

RESULTS

Theflow of thestudy isshowninFig. 1. Thestudy included
37 children (M: F-2.36:1) with amean age of 14.7 (1.82)
years. Table | describes baseline parameters of study
subjects. Notably, only one child was splenecto-mized, and
none had HIV, Hepatitis B or HCV infection. Mean (SD)
HbF level of the subjects was 2.95% (2.6%). Of the 33
children for whom information on mutation study was
available, seven children had variable combination of B%B°
mutations, 9 patients had severe B*/severe B* muta-tions,
and 5 patients were compound heterozygous for p° and
severe B* mutations. Seven patients had variable combi-
nation of either severe */ mild * or compound hetero-
zygous for B° mutations with second mutation being

Screening
Patientseligiblefor the study —61

| Negative consent —9

|Tota| eligiblepatientsleft—52|

l

Excluded — 15 patients

Alloimmunization—4
HepatitisB reactive—2
HepatitisC reactive—2
DFPinduced joint deformity —2
HIV infection, JIA co-morbidity,
hyper-eosinophilic syndrome,
hypersplenism, menstrual criteria
not met —1 each

Total enrolled patient — 37

Fig. 1 Study flow chart.
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Table | Basdine Characteristics of Children With Tablell Patient Char acteristicsat Baselineand on follow-up
ThalassemiaEnrolled for the Sudy (N=37) in Children With Thalassemia Treated With Thalidomide
Characteristics Value Characteristic Baseline End of the study
Age(y) 14.7(1.8) Hemoglobin, mg/dL (6 mo) 9.45 (0.67) 8.89(0.6)
M:F 26:11 (2.36:1) Transfusion requirement, 75.7 (12.3) 38.9(19.1)
Packed red cell received,2mL/kg 75.7 (12.3) mL/kg (for 6 mo)
Pre-transfusion hemoglobin, mg/dL 9.45 (0.67) ROF of hemoglobin, (g/wk) 1.0(0.24) 0.58(0.3)
Serum ferritin, ng/mL 1758.9 (835.1) Absolutereticulocytecount?2  24076.8 111518
Absolutereticulocyte count 24076.8 (27781.3) - (27781.3) (50236.8)
Fetal hemoglobin (%) 205(20  oumferitinng/ml gggf) (ﬁ?é?
Mutations (n=33)° Hemoglobin, F (%) 2.95(2.6) 492 (33.3)
BY Severep* 28
Data expressed as mean (SD). ROF- Rate of fall. All P<0.001 except
E B-double heterozygous 4 ap-qos.
Thalidomide dose (mg/kg/day) 2.05(0.35)
Chelation, no. . ) )
Deferasirox 14 pre_cedl ng the study period. However,. during the study
Deferasirox and deferiprone ” period, the group with best responsereceived 25.02 _(19.37)
mL/kg packed RBC compared to the group with minimal/
Serum folate (ng/mL.) 244(149)  no response receiving 67.76 (16.31) mL/kg (P<0.001).
Serumvitamin B12 (pg/mL ) 4211(147.2)  Mean HbF in the group with best response was 66.9%

Data expressed as mean (SD) or as stated. 28Sx-month pre-study.
bMutation report of 4 patients were not available, and 1 patient did not
have any of the common mutations.

uncommon | ndian mutation which could not be detected.
None of the subjectshad low serumfolate or vitamin B12
levels.

Table Il describes changes observed in study
parameters as compared to baseline parameters. Rate of
fall of hemoglobin decreased from amean of 1.0 (0.24) g/
week to 0.58 (0.26) g/week (P<0.001). Hemoglobin F
levels showed a significant increase and serum ferritin
decreased significantly (P<0.001). However, risein mean
ARC was statistically not significant. In 32/37 (86.5%)
patients, the dose of drug was increased if they had
tolerated the drug well without any evidence of adverse
effects. In 27/37 (72.9%) patients, dose reduction was
donefor development of adverse effectson any follow up
visit, but most of the adverse effects were either grade 1
or2[14].

Of the 37 patients recruited in the study, one child
succumbed to dengue shock syndrome during second
month of study period. In two children, therapy was
discontinued due to withdrawal of consent and adverse
effect in one case each. Nineteen children (51.3%) had
major response while 12 children (32.4%) had moderate
response; remaining 6 (16.2%) had minimal/no response.
Tablel Il showsthat beforeintervention, thethreegroups
were similar with respect to their mean pre-transfusion
hemoglobin and mean packed RBC received in 6 months
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(28.59%) while in group 3 it was only 16.62% (11.23%)
(P<0.001). Although mean serum ferritinwassignificantly
decreased, thefall inindividual groupswasnot statistically
significant.

In five children (13.5%) response was observed
within first month of therapy, 12 more responded in the
second month. Responsewas observed in third and fourth
month of therapy in additional 5 (13.51%) and 6
(16.21%) patients, respectively. During the study period,
15 (40.5%) children remained free of transfusion for a
median (IQR) time of 6 (3-10) weeks of thalidomide
therapy. However, after stopping thalidomide therapy, all
children have required transfusions after amedian (I1QR)
of 24 (19-52) days.

A total of rest 32 children had 47 adverse events;
constipation being the most common (14, 37.8%). Rai sed
transaminasesin two children were considered unrel ated,
as they were also receiving deferasirox. Other adverse
effects included somnolence/sedation (n=3) and mild
dizziness (n=5, in one child this necessitated disconti-
nuation of therapy). One child developed acute kidney
injury during study period. This child was also receiving
deferasirox, but asrenal injury occurred during the study
period, thalidomide was discontinued. Neutropenia was
observed in 10 children; however, only one child had
absolute neutrophil count less than 500/mm3, which
required temporary cessation of thalidomide. D-dimer was
elevated in 6 (16.2%) children but none had any features
suggestive of thromboembolism. Infections occurred
during study period in 8 subjects: pneumonia, 2; chicken-
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Tablelll Sudy Parametersin Children With Thalassemia Based on Responseto Thalidomide

Parameter Major response (n=19)

Moderate response (n=12) Mild response (n=6)

Pre-transfusion hemoglobin, mg/dL

Pre-study 9.53(0.61)

Attheend of study? 9.2 (0.58)
pRBC received, mL/kg

6 mo pre-study 73.96 (12.9)

6 mo during study® 25.0(10.4)
Thalidomide, mg/kg/d 2.53(0.36)
ROF of Hb (g/wk)?2 0.45(0.17)
Hemoglobin F (%)

Pre-therapy 35(2.2)

Post therapy® 66.9 (28.6)
Serumferritin, ng/mL

Initial 1648.8 (700.4)

Attheend of study 1314.4 (718.6)

9.47 (0.67) 9.12 (0.87)
8.65 (0.51) 8.39 (0.36)
77.8(10.9) 77.1(14.2)
48.8(8.9) 67.8(16.3)
2.28(0.49) 2.56 (0.35)
0.67 (0.29) 0.8(0.19)
2.25(3.0) 2.68(3.0)
39.74(32.0) 16.62 (11.2)
1867.4 (1237.5) 1890.4 (640.6)
1694.5 (1177.2) 1886.7 (1365.0)

Data expressed as mean (SD). Hb- Hemoglobin, pRBC-Pure red blood cell, ROF- Rate of fall. 2P<0.01, ®°P=0.001; °P<0.001.

pox, 1; unclassified acute febrile illness, 3; and dengue
infection in 2 (one of whom died of dengue shock
syndrome). The patient who died of dengue shock
syndrome, the starting dose of thalidomidewas 1.6 mg/kg,
upto maximum of 2.4 mg/kg infollow-up visit. That child
was not splenectomized, never had neutropeniaduring the
study period, and was on deferasirox alone. During the
febrile period, thalidomide had been withheld.

All adverse eventswere gradel to grade 2 except one
episode of neutropenia(grade 3) and one episode of acute
kidney injury (grade4), necessitating temporary cessation
of thedrug. Nofemale patient in our study popul ation had
any menstrual abnormality. One child withdrew from the
study due to sedation interfering with his studies. This
childwason starting dose of 2.4 mg/kg thalidomidewhich
wasreduced after grade 2 sedation.

Nerve conduction studies (NCV) were not performed
routinely at baseline or after therapy. Only one child
complained of mild tingling sensation, for which NCV
was performed, and thalidomide was restarted as it was
normal. Hisserum B12 and folatelevel swerenormal.

DISCUSSION

Over the last decade, there has been an interest in use of
thalidomide in patients with thalassemia syndromes.
Afterinitial isolated casereports, it was used with success
inpatientswith NTDT. In TDT, the experienceislimited
and is now emerging. Jiskani and Memon [12] reported
good responsein 70 children but the extent of decreasein
transfusion reguirement was not commented upon. Yassin
[15] described hisresults on 37 patients including adults
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and only 14 patientswith TDT. He described responsein
over 75% cases. He also describesthe fall in transfusion
requirement in terms of ‘units' of packed cellsand not in
mL/kg[15]. Other studiesfrom Indiaand Chinahavealso
reported responsein up to 70% patients[16-18].

The present study is exclusively on children with
TDT. We included children above 12 years as FDA
approval isrestricted to 12 years or above [19]. We have
demonstrated major and moderate response in 51% and
32 % patients with reduction in transfusion requirement
coming up asearly asfirst month of therapy. Theresponse
rates and timing of response are similar to earlier studies
[15,16,20]. We assessed the weekly rate of fal of
hemoglobin which decreased significantly, as well as a
decrease in packed cell requirement. Of the responders,
15 patients remained transfusion free after a median
(IQR) of 6 (3-10) weeks. However, all our patients have
started requiring transfusi ons after stopping thalidomide.

The response to thalidomide is described to be by
production of fetal Hb. There are experimental studies
demonstrating increased HbF production with thalido-
mide and other related compounds [7,21,22]. Clinical
studieshave not looked at risein HbF; though, wefound a
risein HbF inthosewith major response. Thalidomidealso
seems to have effect on iron overload. We observed
amodest but significant fall in mean serum ferritin; alth-
ough, all the patients continued to receive chelation. Thisis
in concordancewith earlier observations[12,13,15].

Therapy with thalidomide was well-tolerated. Nag,
et al. [16] observed constipation in over 40% cases. Shah,
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thalassemia.

WHAT IS ALREADY KNOWN
« Thalidomide induces globin gene expression and increases the proliferation of erythroid cells.
WHAT THIS STUDY ADDS?

« Thalidomide can be an effective drug to reduce transfusion requirement in children with transfusion-dependent

et al. [17] described thrombocytopeniain 66%, but their
patients were also receiving hydroxyurea. Neutropenia
was reported in 5% patients in another study [20].
However, we encountered neutropeniain 10 (27%) cases
oneof which was severe necessitating temporary cessation.
Out of 10 study patients who devel oped low ANC during
the study period, 6/23 patientswere on DFX and DFP and
4/14 patientswere on DFX. However, risk of devel opment
of neutropeniabetween the two group (on combined DFP
and DFX and on DFX aonewasnot statistically significant
(P=0.87). In astudy by Naithani, et al. [23] on safety of
deferipronein children, neutropeniawas observed only in
2/44 patients. However, as DFPcan al so cause neutropenia,
children on deferiprone and thalidomide, they need acloser
watch on their blood counts. One concern that we haveis
occurrenceof infectionsin 8 subjectsover the study period.
Itisunclear whether thisisachance occurrenceor related
to thalidomide administration. Thisis not described as a
known adverse effect of thalidomide.

Thestudy has certain limitations. We have not studied
different doses. Moreover, follow up after stoppage of
drug wasnot apart of the study.

Therapy with thalidomide is being looked at as an
affordable alternative to transfusion therapy or at least to
partially offset thetransfusion needs[24]. Beingrelatively
inexpensive and well tolerated also makes it a viable
option. However, for adrug to beadministered indefinitely
there are certain questions which need to be addressed.
Firgt, studiesarerequired tofind out most effectiveand safe
dose. Second, whether the drug should be continued infull
doses or doses can bereduced after aresponseisobtained.
Third, criteriafor response need to be defined and applied
uniformly. Role of intermittent therapy also needs to be
explored. Safety under 12 yearsis also not been studied.
Interactions with DFX and DFP- two commonly
administered iron chelatorsalso need to be studied. Larger
studiesto answer theseissuesarerequired before decision
for long termroutine useistaken. Till suchtimedrug should
be used under strict monitoring of the patients.
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