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Thalassemia major is an inherited form of chronic hemolytic anemia that results in iron overload due to regular
blood transfusions. Deferoxamine is used as chelating agent for treatment of patients with chronic iron overload worldwide.
Anaphylactic reaction to deferoxamine is rare, and the mechanism of deferoxamine-induced anaphylaxis is not well understood.
Only a few pediatric cases of successful desensitization for deferoxamine hypersensitivity have been described, and a different
protocol has been used in each report. We report a case of anaphylaxis to deferoxamine in a thirteen-years-old Thai boy with
Hemoglobin E/B-thalassemia disease who underwent successful desensitization. He had been receiving blood transfusions
since the age of ten months. At age eleven, the patient began treatment with deferoxamine. Treatment was interrupted after the
occurrence of anaphylaxis, with urticaria, wheezing and gastrointestinal symptoms. A skin prick test was positive, indicating
atype 1 hypersensitivity reaction. Deferoxamine desensitization was attempted with various different protocols. Finally, the
patient could tolerate deferoxamine therapy at the dose previously administered. We proposed this modified subcutaneous

desensitization protocol for pediatric cases that develop allergic reactions to deferoxamine.
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Thalassemia is the most common human
single gene disorder worldwide. Hemoglobin E/beta-
thalassemia (Hb E/B-thalassemia) is a very common
form of beta-thalassemia that exhibits a heterogeneous
clinical presentation and variable clinical course. The
highest frequencies are observed in India and
throughout Southeast Asia, particularly in Thailand,
Laos and Cambodia®?. Hb E/B-thalassemia results from
co-inheritance of a beta-thalassemia allele from one
parent and the structural variant Hemoglobin E from
the other. Severe forms are characterized by very low
Hemoglobin (Hb) levels, and affected patients are
treated as thalassemia major patients with regular blood
transfusion and iron chelation. Iron overload may lead
to organ toxicity and even fatal complications if iron
chelating therapy cannot be achieved.

For clinical use, iron chelators are designed
to either promote clearance of excess iron by excretion
or maintain safe iron levels in situations that pose a
risk for developing toxic levels of iron. Three chelators
are approved for therapeutic use: deferoxamine,
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deferasirox, and deferiprone, and these agents are
sometimes are used in combination®4. Deferoxamine
(DFO), also known as desferrioxamine or desferal, is
the most important drug and commonly used in the
treatment of thalassemia major and other hematological
diseases following multiple blood transfusions. It is
administered by intravenous injection or
subcutaneously with iron complexes being cleared
mainly by biliary and urinary routes. Allergic reactions
to DFO are rare and difficult to manage. The mechanism
of hypersensitivity is various and need to be explored.
The purpose of this article is to report a pediatric case
of anaphylaxis to DFO in which the patient underwent
successful desensitization.

Case Report

A 13-years-old Thai boy with Hb E/B-
thalassemia had been receiving frequent blood
transfusions from the age of 10 months. He had a
splenectomy at the age of 5 because of hypersplenism
and began to receive a transfusion every 1-2 months
after that. The iron chelation therapy was started at the
age of 11. He was receiving intravenous DFO infusion
at a standard dose of 30 mg/kg/day (750 mg of DFO in
50 mL of saline solution) for 3 consecutive days per
week at the Thammasat University Hospital. Because
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of a further increase in serum ferritin level (>2,000 ng/
mL), he also received oral daily deferiprone as a
combined therapy. Fourteen months after DFO
administration, he had an anaphylactic reaction
described as generalized urticaria, itching, wheezing,
dyspnea, tachycardia and vomiting 10 minutes
after beginning DFO infusion. The infusion was
stopped immediately, and the patient was treated
with intramuscular epinephrine, antihistamines,
corticosteroids and salbutamol nebulization.

Two weeks after the first anaphylactic
reaction, the patient was admitted for investigation and
desensitization. The total serum immunoglobulin E
(IgE) was within a normal range. The skin prick test
(SPT) with diluted DFO solution (15 mg/mL) was
positive (size 25x6 mm) in this patient while the tests
were negative in all 5 thalassemia patients of the control
group. For further testing with the patient, SPT with
common food allergens was negative. The FIRST
desensitization protocol was modified by the method

of Miller et al®. The desensitization was started with a
solution of 1/100,000 of the anticipated final intravenous
infusion concentrations (0.0075 mg in 50 mL of saline
solution) and continued with the following schedule:
0.075,0.75,7.5, 75, 750 mg in 50 mL at 30-minute intervals
(Table 1). Atadose of 0.75 mg (solution of 1/1,000), he
had a similar anaphylaxis episode, and the trial was
discontinued. The complete blood count during this
episode showed eosinophilia (absolute eosinophil
count of 3,066/cu.mm.). One week later, the SECOND
desensitization was attempted by increasing the
concentrations of DFO as in the first but increasing the
interval between doses from 30-minute to 24-hour
interval and changing the route from intravenous to
continuous subcutaneous infusion (Table 2). This trial
was successful without any reactions. The patient was
discharged and then admitted one week later for 3 days
of daily 24-hour subcutaneous infusion of 750 mg of
DFO. However, a similar anaphylactic reaction occurred
again on the first day of desensitization. The infusion

Table 1. The FIRST desensitization protocol via intravenous infusion at 30-minute intervals for each bottle without

premedication

Bottles Time (hours) Dose (mg) of DFO in 50 mL Ratio of DFO in solution to the
of saline solution anticipated final infusion dose (750 mg)
1 0 0.0075 1:100,000
2 0.5 0.075 1:10,000
3 1.0 0.75 1:1,000 — Anaphylaxis
4 15 7.5 1:100
5 2.0 75 1:10
6 25 750 11

DFO = deferoxamine
Modified by the method of Miller et al®

Table 2. The SECOND desensitization protocol via continuous subcutaneous infusion* at 24-hour intervals for each bottle

without premedication

Bottles Time (hours) Dose (mg) of DFO in 50 mL Ratio of DFO in solution to the anticipated
of saline solution final infusion dose (750 mg)

1 0 0.0075 1:100,000

2 24 0.075 1:10,000

3 48 0.75 1:1,000

4 72 7.5 1:100

5 96 75 1:10

6 120 750 11

DFO = deferoxamine

* The continuous subcutaneous infusion of DFO was administered via slow subcutaneous infusion uniformly over 24 hours

using a portable infusion pump.
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was suspended, and the patient received treatment for
anaphylaxis.

Two months later, he was admitted for the
THIRD desensitization (Table 3). Because of the high
risk of anaphylaxis, pretreatment was started with
intravenous antihistamines and corticosteroids
(chlorpheniramine 0.1 mg/kg and hydrocortisone 5 mg/
kg), single dose prior to desensitization. The patient
was hospitalized for desensitization with eight
continuous cycles of DFO. Finally, they were completed
with no untoward reactions. However, anaphylaxis
recurred one week later when the patient received 750
mg DFO infusion over 24 hours. Three weeks later, 10

weekends of the FOURTH desensitization were
attempted continuously by increasing the concen-
trations of subcutaneous DFO infusion with
premedication. The infusion interval periods were
tapered weekly from 6-hour to 10-minute interval (6, 5,
4,3, 2,1 hoursand 45, 30, 20, 10 minutes, respectively)
(Table 4). The THIRD and FORTH desensitization are
summarized in Fig. 1.

This trial was completed without further
allergic reaction, even after discontinuing the
premedication. During 2 years after the fourth
desensitization, the patient regularly received
subcutaneous infusion of 750 mg DFO in 10 mL of

Table 3. The THIRD desensitization protocol via continuous subcutaneous infusion* at 24-hour intervals for each bottle
with premedication (antihistamines and corticosteroids) for total eight continuous cycles**

Bottles Time (hours) Dose (mg) of DFO in 50 mL Ratio of DFO in solution to the anticipated
of saline solution final infusion dose (750 mg)

1 0 0.0075 1:100,000

2 24 0.075 1:10,000

3 48 0.75 1:1,000

4 72 7.5 1:100

5 96 75 1:10

6 120 750 11

DFO = deferoxamine

* The continuous subcutaneous infusion of DFO was administered via slow subcutaneous infusion uniformly over 24 hours
using a portable infusion pump.

** For the eight continuous cycles, the first three cycles (Cycle 1-3) were started with a 24-hour interval at DFO infusion
dose of 1/100,000 (0.0075 mg, Bottle No. 1) and continued with an increasing concentration until the final dose (750 mg).
Then the last five cycles (Cycle 4-8) were attempted by beginning at Bottle No. 2, 3, 4, 5, 6 respectively and continued with
an increasing concentration over 24 hours each bottle until the final dose. The Cycle 1 to Cycle 8 is continuing administration
without cessation.

Table 4. The FORTH desensitization protocol via subcutaneous infusion at different intervals tapering for each cycle with
premedication (antihistamines and corticosteroids) for total ten weekend cycles

Bottles Dilution (mg) of DFO in 10 ml of saline solution Ratio of DFO in solution to the anticipated final
infusion concentrations (750 mg)

1 0.075 mg subcutaneous infusion in 6 hours* 1:10,000

2 0.75 mg subcutaneous infusion in 6 hours* 1:1,000

3 7.5 mg subcutaneous infusion in 6 hours* 1:100

4 75 mg subcutaneous infusion in 6 hours* 1:10

5 750 mg subcutaneous infusion in 6 hours* 11

6 750 mg subcutaneous infusion in 8 hours 11

DFO = deferoxamine

* For the ten weekend cycles, the desensitization started with decreased the subcutaneous infusion interval periods for each
bottle of DFO from 6-hour to 5-, 4-, 3-, 2-, 1-hour and 45-, 30-, 20-, 10-minute interval, respectively. At the end of each
desensitization phase, an 8-hour subcutaneous infusion of 750 mg solution was given.
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| The THIRD desensitization protocol

+ Starting from DFO Bottle No.1 (0.0075 mg) over 24 hours,
* Conti g with an ] ion until the final dose [Bottle No.6).

surﬂnn from DFO Bottle No.2 :un?s mg) over 24 hours.
with an until the final dose (Bottle No.6).

surung from DFO Bottle No.3 (0.76 mg) over?d hours.
with an until the final dose (Bottle No.6).
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Infusing DFO Bottie No.6 (750 mg) over 24 hours until off.

T G T [, S S, TS S T

ﬁ_«ﬂqﬂﬁ

*Cycle 1to Cycle 81s c g ith
DFO, deferoxamine

Fig. 1A The timeline of THIRD and FORTH Desensiti-
zation of deferoxamine. A) The THIRD Desensiti-
zation timeline (Please see the Table 3 for additional
information of protocol).

| The FORTH desensitization protocol |

Weeband & Weekand 5 Weekend 4
S$aarting brom (¥ O Searting from DFO Starting from FO
m."&ma_ mz.ltﬂﬁ.m Boarle No.1 s 6, over
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Saarting from FO Starting rom DFO Stwting hrem DFO
Botle Me 1 106, Bote Ha.1 0 6, aver ottte No. 1 b &, over
5 mi W mminuses nach 20 minutes sach
hoste bonte.
L
Starsing frem OFO
oatle Ho.1 t &, over
10 minutes each
bonte.

*At the end of each weekend [after Bottle &), an 8-hour infusion of 750 mg DFO was introduced.
DFO, deferoxamine

Fig. 1B The FORTH desensitization timeline (Please see
the Table 4 for additional information of protocol).

saline solution (30 mg/kg/day, over 8 hours/day for
three consecutive days per week) at the hospital without
any allergic reaction. Thereafter, the subcutaneous
infusion was given to the patient for self-therapy at
home. He has continued home DFO subcutaneous
infusions for the last 1.5 years. Finally, his chelation
therapy was switched to oral deferiprone as
monotherapy, when the serum ferritin was less than
1,000 ng/mL. A repeat SPT with DFO (using a 1/10
dilution of DFO 15 mg/mL solution) 6 months after
cessation of DFO was still positive (size 15x15 mm).
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Discussion

There have been rare case reports of
desensitization for DFO anaphylactic reactions
from the United States of America, France, Italy,
Turkey®™19, This is the first case report of a successful
subcutaneous desensitization in a pediatric patient who
had experienced an anaphylactic reaction to DFO. For
immediate-type drug reactions, allergy skin testing may
be useful, although there is a lack of standardized testing
reagents. Skin testing by prick or intradermal methods
is practicable, but it is important to establish a non-
irritating drug dose for skin testing. In our case, the
SPT with diluted DFO was positive, whereas the same
test dose was negative in 5 other thalassemia patients.
This suggests that the patient had an IgE-dependent
hypersensitivity reaction to DFO. However, due to the
lack of standardized reagents, the positive and negative
predictive values of skin testing for DFO remain
unknown. Furthermore, our results do not rule out the
possibility that DFO allergy is related to direct mast
cell activation as previously described®. Such a non-
IgE mediated allergic reaction has been proposed to
explain DFO-induced anaphylaxis in adult and pediatric
patients who have negative skin prick tests and absent
specific serum IgE to DFO®9, Finally, it is possible
that both IgE-mediated and non-1gE mediated direct
mast cell activation coexist in some patients. A limitation
of the present study is that the authors did not test the
patient with validated in vitro immunological testing
for serum IgE to DFO; however, this test is not widely
available.

Desensitization using gradual titration of
drug administered parenterally is the gold standard for
management of many types of drug allergies. However,
this procedure should only be performed by
experienced and trained physicians in an appropriate
setting. The time required for successful desensitization
varies with the type of medication and is patient-
specific. Intravenous DFO as previously described®#9
can provide an avenue for early challenging during
desensitization. Why intravenous therapy as opposed
to subcutaneous therapy is generally well tolerated is
not fully understood. Suggested mechanisms range
from the simple mechanics of putting small volumes of
DFO intravenously with subsequent rapid distribution
(particularly relevant for localized reactions) to
differences in the immune system response depending
on the route of DFO administration, e.g. dermal mast
cell activation®. Eventually, complications can still
occur, with anaphylaxis documented in our patient
during intravenous desensitization. The successful use
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of a subcutaneous desensitization protocol in this
patient with DFO hypersensitivity represents a novel
finding. For premedication, systemic treatment with
antihistamines and/or corticosteroids were used as
described in previous reports®%9, Antihistamines and
corticosteroids may have provided some benefit during
our desensitization therapy, but they were insufficient
alone to account for the success of the protocol.

Conclusion

This report illustrates the utility of using a
subcutaneous desensitization approach with
premedication for treatment of immediate-type
hypersensitivity to DFO. The modified desensitization
protocol proposed in the present study was effective
in preventing allergic reactions and in reducing iron
overload. The authoes propose this as an alternative
desensitization protocol for pediatric cases that are
anaphylaxis to DFO and require long-term iron chelation
therapy.

What is already known on this topic?

1. Anaphylactic reaction to deferoxamine is a
relatively rare condition in childhood.

2. The standard desensitization protocol for
deferoxamine hypersensitivity is not well established.

What this study adds?

1. Desensitization to deferoxamine in pediatric
patients is safe using our protocol. We have had a
successful delivery of subcutaneous deferoxamine in
our patients with thalassemia major.

2. Skin testing data is not routinely available
due to the lack of commercially available testing
reagents. Without standardized reagents, the positive
and negative predictive values of skin testing for
deferoxamine remain unknown.

3. Further establishment of the treatment
protocols by a multicenter study for desensitization of
life-sustaining drugs and effectiveness of this treatment
are required.

Acknowledgement

The authors are indebted to all pediatric
residents and clinical staff members at Thammasat
University Hospital who cared for this patient. The
patient and family members who took part in the present

J Med Assoc Thai Vol. 97 Suppl. 8 2014

study are highly appreciated for their contribution.

Potential conflicts of interest
None.

References

1. Modell B, Darlison M. Global epidemiology of
haemoglobin disorders and derived service
indicators. Bull World Health Organ 2008; 86: 480-
7.

2. Weatherall DJ, Clegg JB. Inherited haemoglobin
disorders: an increasing global health problem. Bull
World Health Organ 2001; 79: 704-12.

3. Porter JB. Optimizing iron chelation strategies in
beta-thalassaemia major. Blood Rev 2009; 23 (Suppl
1): S3-7.

4. Brittenham GM. Iron-chelating therapy for
transfusional iron overload. N Engl J Med 2011,
364: 146-56.

5. Miller KB, Rosenwasser LJ, Bessette JA, Beer DJ,
Rocklin RE. Rapid desensitisation for
desferrioxamine anaphylactic reaction. Lancet
1981; 1: 1059.

6. Shalit M, Tedeschi A, Miadonna A, Levi-Schaffer
F. Desferal (desferrioxamine)—a novel activator
of connective tissue-type mast cells. J Allergy Clin
Immunol 1991; 88: 854-60.

7. Athanasion A, Shepp MA, Necheles TF.
Anaphylactic reaction to desferrioxamine. Lancet
1977;2:616.

8. Bousquet J, Navarro M, Robert G, Aye P, Michel
FB. Rapid desensitisation for desferrioxamine
anaphylactoid reaction. Lancet 1983; 2: 859-60.

9. LaRosa M, Romeo MA, Di Gregorio F, Russo G.
Desensitization treatment for anaphylactoid
reactions to desferrioxamine in a pediatric patient
with thalassemia. J Allergy Clin Immunol 1996; 97:
127-8.

10. Gulen F, Demir E, Tanac R, Aydinok Y, Gulen H,
Yenigun A, et al. Successful desensitization of a
case with desferrioxamine hypersensitivity.
Minerva Pediatr 2006; 58: 571-4.

11. Lombardo T, Ferro G, Frontini V, Percolla S. High-
dose intravenous desferrioxamine (DFO) delivery
in four thalassemic patients allergic to subcuta-
neous DFO administration. Am J Hematol 1996;
51:90-2.

S221



3 e e [ G A4 (a2 A ¥ , ! ,
13901 desensitization Iugiilaguanisiygasengiuniyy anaphylaxis Aae deferoxamine
nysnsa ginate, osmsse lnvupa, jaa dnends, anring Aatninana

v 4 4 ) a 4ww ) a’d” o v dwo Y yud o' Y
Gasdadiiyiaguusdulalanaaniesvianiaarenaamaiusnssy wholaisuiuaedlasidenidulszsramaln
4 & A ' . o/ dd’a 9 7 v a4 ) v 4 A & A
dnmzmanidulusme o1 deferoxamine (uenivsmaninlylunthebasdadiiesiaguusauazntheaauninnzmaniy
I 1 ) ’ P 1 ! I 14
puNUNTHAY UPATNiuNes 19T (anaphylaxis) Aeen deferoxamine wylnlvyeeuaslmaiunalomainiuuda uenaimin
v & o ¥ v & A 9 & ad o . v A Aaaa v ' ' . dad
gamgananuessnlugtheiiniyszayanudusoandans desensitization ¥auAAYATeIAING1IAGEN deferoxamine Uaziizoms
! ! I 72 v ! ! 1
Auanaunluunazseay msdnyinandshoinyetneete 13 4 idulaglulnatu dimmdadide nuszavanudnioneTims
! v 14 U 14 14
desensitization WauAAYGATeT anaphylaxis A8 deferoxamine fheARYgATIMANUTHIATUMTINYIAIGET deferoxamine U1 2
< v N v ) o 4’ ) a =) N a ) o .
1 lnediomsumuyvidoumaiumaioniia (iuauiy) ssyumadumels (melaideandn) uasssyymaduenns msnaaeumii (skin

v 1 v v v Y
prick test) binaiheyan auguanihulgiSengiunuyieynay (type 1 hypersensitivity reaction) 391anins desensitization uphemen

14 ! ’ ! v ! 14 A ! 14 ’
g Bsmasnuananauauluiigantheansanunemsingnteer deferoxamine lnlumnauasTomsvsmsemvuideanviaelynnen

v L 14 v v
i

! v ! 4
IanINLTYOUIaUa TS desensitization TnemsySmssmmasuladmmisidsmsmilalumasnynhoidnianygasegdumuyy

anaphylaxis 7881 deferoxamine

S222 J Med Assoc Thai Vol. 97 Suppl. 8 2014



