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Low Allergenic Potential With Fondaparinux:
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OBJECTIVE: To determine the incidence and causes of skin reac-
tions to the synthetic pentasaccharide fondaparinux.

PATIENTS AND METHODS: Patients who received prophylactic/
therapeutic subcutaneous fondaparinux treatment for more than 7
days were prospectively examined for cutaneous adverse effects
between September 1, 2008, and April 30, 2009. When indicated,
other procedures, such as skin biopsy, allergy testing, and clini-
cal/laboratory assessment for thrombosis and heparin-induced
thrombocytopenia, were performed.

RESULTS: Overall, 231 patients were enrolled. No patient devel-
oped typical delayed type IV hypersensitivity (DTH) erythematous
skin lesions. However, one female patient experienced abdominal
pruritus at sites of injection. Histology revealed a mild lympho-
histiocytic infiltrate, confirming a DTH reaction. Heparin-induced
thrombocytopenia, as another possible underlying pathomecha-
nism for cutaneous lesions, was ruled out clinically and serologi-
cally. Hence, the overall incidence of fondaparinux-induced aller-
gic skin lesions was 0.4% (95% confidence interval, 0.01%-2.4%).
No cross-allergies were observed in patients with DTH reaction
to heparins.

CONCLUSION: Fondaparinux has a low allergenic potential. The
incidence of allergic cutaneous DTH reactions is almost 20 times
lower compared to that with commonly used heparins. These
results, together with the known low prevalence of secondary
thrombotic events or heparin-induced thrombocytopenia during
fondaparinux therapy, suggest that in selected patients fonda-
parinux might substantially improve patient care, therapeutic
safety, and cost-effectiveness of anticoagulant therapy.

Trial Registration: clinicaltrials.gov identifier: NCT00510432
Mayo Clin Proc. 2010;85(10):913-919

BMI = body mass index; DTH = delayed type IV hypersensitivity; DVT = deep
venous thrombosis; HIT = heparin-induced thrombocytopenia; LMWH =
low-molecular-weight heparin; PE = pulmonary embolism; UFH = unfraction-
ated heparin

he synthetic pentasaccharide fondaparinux is an ultra-
low-molecular-weight (1.728 kDa) selective factor
Xa inhibitor. Its pentasaccharide sequence resembles the
antithrombin-binding site of heparins. Similar to hepa-
rins, its anticoagulatory function is exerted indirectly via
enhancement (300-fold) of the inhibitory activity of the
serine protease inhibitor antithrombin.! Fondaparinux and
heparins are both well-established drugs for prophylaxis
and treatment of venous thromboembolic diseases and
treatment of acute coronary syndrome.>?
Besides bleeding complications, heparin-induced skin
lesions are the most frequent adverse effects of subcuta-

neous heparin therapy.*® Patients typically present with
itching and eczematous plaques that occur predominantly
at heparin injection sites; however, presentations can vary
(Figure 1, top).*’ In a recent prospective investigation
of patients receiving subcutaneous heparin therapy,” we
observed an incidence of 7.5% for heparin-induced skin
lesions that could be classified as lymphocyte-mediated de-
layed type IV hypersensitivity (DTH) reactions (Figure 2,
A). Because fondaparinux is a synthetic molecule, heparins
are obtained from porcine gut processing, and the potential
for sensitization seems to decrease with lower molecular
weights (fondaparinux, 1.728 kDa; low-molecular-weight
heparin [LMWH], 3-10 kDa; unfractionated heparin
[UFH], 3-30 kDa),® we hypothesized that fondaparinux
should have a low allergenic potential. This assumption
was also supported by several case reports, even in pa-
tients with multiple cross-allergies to various heparins.”!
Nevertheless, possible allergic reactions to fondaparinux
have been reported.''> However, to date, no clinical data
exist regarding the incidence and etiology of fondaparinux-
induced skin lesions. Because heparin-induced skin lesions
may also frequently result from heparin-induced throm-
bocytopenia (HIT)'*!* caused by antigenic platelet factor
4/heparin complexes,'> we performed HIT diagnostics in
patients with fondaparinux-induced skin lesions.

PATIENTS AND METHODS

From September 1, 2008, through April 30, 2009, hospi-
talized patients at the J. W. Goethe University Hospital in
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LOW ALLERGENIC POTENTIAL WITH FONDAPARINUX

FIGURE 1. Top, Typical presentation of a patient with delayed type IV
hypersensitivity (DTH) reaction to nadroparin. The patient had pruritus
at the injection areas and appearance of a single red plaque, with few
papules at the heparin injection site 4 to 6 hours after subcutane-
ous application. Middle, Clinical presentation of the only study patient
with a DTH reaction to fondaparinux. The patient had pruritus at the
injection areas, but the skin appeared normal without erythematous
lesions. Bottom, Clinical presentation of a patient with cutaneous
necrosis due to underlying heparin-induced thrombocytopenia. Histo-
logic study confirmed microthromboses in the necrotic areas.

Frankfurt am Main, Germany, who received subcutaneous
anticoagulant therapy with fondaparinux sodium (Arixtra,
GlaxoSmithKline, Munich, Germany) were screened pro-
spectively and consecutively for study eligibility. In-patients
from the departments of internal medicine, dermatology,

surgery, and gynecology treated with fondaparinux were
seen 3 to 4 times per week until discharged. Those aged 18
years or older who had received prophylactic or therapeutic
fondaparinux treatment for a minimum duration of 7 days
were eligible for study participation. Doses given were 1.5
mg/d, 2.5 mg/d, 5 mg/d, 7.5 mg/d, or 10 mg/d. Patients with
a history of DTH reactions to fondaparinux, those with
preexisting skin disorders involving potential fondaparinux
injection areas, and those undergoing immunosuppressive
therapy were excluded. Patients with a known DTH reac-
tion to heparins were not excluded. Outcome measures
were incidence and causes of fondaparinux-induced skin
reactions. Investigations and procedures were approved
by the local ethics committee of the J. W. Goethe Univer-
sity (16/07). The study was registered at clinicaltrials.gov
(NCT00510432) and performed in accordance with the
Declaration of Helsinki. All enrolled patients who received
prophylactic or therapeutic fondaparinux provided written
informed consent for study participation.

StupY PROCEDURES
Eligible patients were evaluated by 1 or more investiga-
tors; initially, the medical history, including age, sex, rea-
son for admission, indication for fondaparinux therapy,
pregnancy, use of female sex hormones, and previous
exposure to anticoagulant therapy, was obtained from
the patients. Information regarding current anticoagulant
therapy (preparation, duration, dose) as well as height
and weight for calculation of body mass index (BMI
[calculated as weight in kilograms divided by height in
meters squared]) were obtained from patients’ clinical
records. This was followed by clinical examination of the
local fondaparinux injection sites for skin lesions and/or
pruritus, as well as a full body examination of the skin. If
a fondaparinux-induced skin lesion was suspected, the pa-
tient was evaluated by a second investigator. Skin biopsy
specimens from suspected fondparinux-induced lesions
were obtained with the patient under local anesthesia and
routinely processed for hematoxylin-eosin staining. Sec-
tions were evaluated by 2 experienced dermatopatholo-
gists (M.W. and R.K.). The presence of spongiosis and
leukocyte infiltration (lymphocytes and eosinophils in
particular) was considered to represent a DTH reaction.’
A skin lesion resulting from HIT was diagnosed his-
tologically if dermal vessels were occluded. To rule out
HIT, all patients with suspected fondaparinux-induced
skin lesions underwent platelet count monitoring and
were tested for HIT antibodies at onset of skin lesions and
again 7+1 days afterward (platelet factor 4/heparin—en-
zyme-linked immunosorbent assay [Asserachrom HPIA
Diagnostica Stago, Paris, France] and heparin-induced
platelet activation assay) (as described elsewhere'®) to
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FIGURE 2. A, Skin biopsy specimen from a patient with typical delayed
type IV hypersensitivity (DTH) reaction to heparin, showing epidermal
spongiosis and dermal infiltration with lymphocytes and eosinophils,
characteristic of a DTH reaction (hematoxylin-eosin; original mag-
nification, x200). B-D, Skin biopsy specimens from the only study
patient with a DTH reaction to fondaparinux, showing a mild, mainly
perivascular dermal infiltration, predominantly with lymphocytes and
to a low degree with eosinophils, typical of a DTH reaction. There are
no microthromboses in dermal vessels; these would be suggestive of
the presence of heparin-induced thrombocytopenia (B-D, hematoxylin-
eosin; original magnification, x100, x200, x400, respectively).

LOW ALLERGENIC POTENTIAL WITH FONDAPARINUX

capture cases of delayed antibody development. To rule
out any thromboembolic complications that might pos-
sibly occur during HIT, all patients, and notably those
with suspected fondaparinux-induced skin lesions, were
screened clinically for signs of new or progressive deep
venous thrombosis (DVT) according to the Wells score.!”
To rule out HIT, a clinical pretest probability score'® was
applied. Patients also underwent further diagnostics, ie,
ultrasonography and laboratory testing, if needed. If HIT
was excluded, all patients with skin lesions underwent
allergologic testing with undiluted original drug formula-
tions, as described elsewhere.®

STATISTICAL ANALYSES

Age, BMI, and the time of onset of skin lesions while pa-
tients were receiving fondaparinux therapy were calculated
as mean = SD or median and range. Sample size calculation
was performed with Bias 8.4.6. software (Epsilon, Hoch-
heim Darmstadt, Germany). A sample size of at least 168
patients was calculated to determine the incidence of sus-
pected fondaparinux-induced skin lesions with a precision
of at least £1.5% with a 95% confidence interval.

RESULTS

Of 244 patients screened, 231 were enrolled. The reasons
for exclusion included preexisting inflammatory skin dis-
eases with involvement of possible injection areas (n=3)
and loss to follow-up (n=10). No patient was excluded
because of antecedent allergy to fondaparinux.

Of the 231 study patients, 115 were women, and
116 were men. The mean + SD age of the patients
was 59.4x18.8 years (women, 62.0+18.6 years; men,
56.7x18.7 years). The mean + SD BMI was 26.2+5.9
(women, 26.4+6.3; men, 26.0+5.5). The median duration
of fondaparinux therapy was 11 days (range, 7-274 days).
Of the 231 patients, 153 (66.2%) received anticoagulant
therapy for a prophylactic indication (Table 1). Of these
153 patients, 152 received 2.5 mg of fondaparinux subcu-
taneously once daily; 1 patient received an adjusted dose
of 1.5 mg of fondaparinux because of underlying renal
insufficiency. Of the 231 patients, 74 (32.0%) received
an adjusted therapeutic dose of fondaparinux according
to body weight: 1 patient (1.4%) was treated with 5 mg,
66 (89.2%) were treated with 7.5 mg, and 1 (1.4%) with
10 mg of fondaparinux subcutaneously once daily. Six
women (8.1%) were therapeutically treated with a reduced
dose of 2.5 mg: 1 with DVT and pulmonary embolism
(PE) due to underlying thrombocytopenia (this patient
was enrolled twice), 1 with digital artery occlusions and
antiphospholipid syndrome due to chronic bleeding that
led to anemia, 1 with subclavian vein thrombosis due to
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TABLE. Characteristics of the Study Cohort

No. of patients 231
Female/male 115 (49.8)/116 (50.2)
Age, mean (SD) (y) 59.4 (18.8)
Pregnancy/postnatal period 0(0.0)

Hormone use 12 (10.4)
Former exposure to heparins 155 (67.1)
Indication for heparin
Prophylaxis 153 (66.2)
Postoperative 86 (56.2)
Other (immobilization, etc) 67 (43.8)
Therapeutic 74 (32.0)
Venous thrombosis only 49 (66.2)
DVT and PE 11(14.9)
PE only 5(6.8)
Other 9(12.2)
Fondaparinux exposure, median
(range) (d) 11 (7-274)
Local reaction to fondaparinux
Pruritus at injection site 1(0.4)
Erythema at injection site 0(0.0)
Generalized reaction 0(0.0)
Skin necrosis 0(0.0)

Values are No. (percentage), unless indicated otherwise. DVT = deep
venous thrombosis; PE = pulmonary embolism.

malignant hemorrhagic pericardial effusion, 1 with PE
due to hemorrhagic cystitis, and 2 with minor peripheral
superficial thrombophlebitis. In 3 patients, a change from
a prophylactic to a therapeutic dose of fondaparinux was
necessary: in 2 the change was due to a new postoperative
DVT after multiple bone fractures, and in 1 with DVT the
dose was slowly increased because of a progressively de-
creasing bleeding risk after recovery from polytrauma. In
one patient, a therapeutic dose of fondaparinux was started
because of initial clinical suspicion of PE, but this dose
was later changed to a prophylactic dose after exclusion of
thromboembolism.

Low InciDENcE oF CuTaneous REAcTIONs To FONDAPARINUX

None of the 231 patients experienced local erythema
characteristic of a DTH reaction at the fondaparinux
injection sites. One 44-year-old woman (height, 1.63 m;
weight, 93.0 kg; BMI, 35.0) who received fondaparinux
therapy at 7.5 mg once daily because of postoperative
DVT experienced a slight but persistent itching of the
abdominal wall at the injection sites and at surrounding
areas starting on day 9 after therapy initiation. Clinically,
the skin looked normal without erythematous lesions
at the injection sites (Figure 1, middle). To rule out
any subclinical manifestation of fondaparinux-induced
DTH reaction, a skin biopsy was performed. Histologic
study revealed a mild lymphohistiocytic infiltrate that
confirmed a mild DTH reaction to fondaparinux (Figure
2, B-D). HIT was ruled out serologically and by the
histologic absence of thrombotic microvascular dermal
occlusions. Fondaparinux administration was continued

temporarily, while phenprocoumon therapy was initiated.
In the patient’s subsequent clinical course, no further
skin reactions were observed. A DTH reaction was sub-
sequently confirmed by subcutaneous skin provocation
with fondaparinux; pruritus without erythematous skin
lesions recurred at fondaparinux injection sites. Because
a recent investigation indicated a low sensitivity of intra-
cutaneous allergy testing for DTH reactions to heparins,
we discontinued the practice of obtaining further intracu-
taneous allergy testing.'

Of the 231 patients, 155 (67.1%) had a former exposure
to heparins in their medical history; 6 (2.6%) of the 231
patients had a reexposure to fondaparinux. None of the
patients in these 2 subgroups developed a DTH reaction.

In summary, the overall incidence of DTH reactions
to fondaparinux therapy was 0.4% (1/231; 95% confi-
dence interval, 0.01%-2.4%). There was no association
between DTH reactions to fondaparinux and HIT. The
only patient who had a fondaparinux-induced DTH re-
action had negative findings on 2 tests for HIT and did
not develop other sequelae of HIT. The clinical pretest
probability score for HIT was 1, and the Wells score for
DVT was 0.

Lack oF Cross-reacTiviTy WiTH FoNDAPARINUX IN 5 PATIENTS
WitH Known Cutaneous HEPARIN ALLERGY

Of the 231 patients, 5 (2.2%) had reported a history of
cutaneous DTH reactions: 4 patients had had a reaction
to nadroparin and 1 to danaparoid. During therapy with
fondaparinux, none of these patients developed a cutaneous
DTH reaction.

Low PREVALENCE OF NEW OR PROGRESSIVE THROMBOSIS AND
Lack oF HIT WitH FonDAPARINUX THERAPY

According to the Wells score,'” we identified 26 (11.3%)
of 231 patients with more than 3 points for a high clini-
cal DVT probability. In 23 (88.5%) of these 26 patients,
new or progressive DVT was ruled out sonographically.
Two (7.7%) of these 26 patients developed a new throm-
bosis postoperatively after polytrauma and multiple bone
fractures despite prophylactic fondaparinux therapy.
Testing for HIT was negative in both patients. A good
clinical outcome was achieved after the fondaparinux
dose was increased to a therapeutic dose. One (3.9%) of
26 patients developed a progressive thrombosis due to
intentional subtherapeutic dosing because of a malignant
hemorrhagic pericardial effusion. Testing for HIT was
negative.

None of the remaining study patients developed a
clinically overt HIT. None of the patients had a high score
according to the well-established pretest probability score
for HIT."®
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FIGURE 3. Molecular structures of the antithrombin-binding pentasaccharide sequence of heparin (top) and fondaparinux (bottom).

DISCUSSION

In the current study, we prospectively examined the inci-
dence of allergic cutaneous adverse reactions to the sub-
cutaneously administered pentasaccharide fondaparinux.
Overall, the incidence was 0.4%. This is substantially low-
er than the incidence of DTH reactions to heparins, which
is at least 7.5%.” Therefore, fondaparinux-induced allergic
skin lesions should be considered an infrequent adverse
drug reaction compared with heparins. The median dura-
tion of exposure to fondaparinux as well as the sex and age
characteristics in the current study were similar to those of
the aforementioned study.” In our study cohort, recurrent
exposure to fondaparinux, former exposure to heparins, or
long-term fondaparinux therapy did not influence the rate
of fondaparinux-induced DTH reactions Thus, our data
strongly support our initial hypothesis that fondaparinux
has a lower sensitizing potential compared with the porcine
gut—derived UFHs and LMWHs.

STRUCTURAL CONSIDERATIONS

The lower sensitizing potential of fondaparinux might be due
to its synthetic origin, which also provides a high intercharge
and intracharge consistency compared with the heparins.
Heparins represent a mixture of polysaccharide chains of
different lengths and molecular weights ranging from 3000
to 10,000 Da (LMWH) and from 3000 to 30,000 Da (UFH).
These polysaccharides contain the antithrombin-binding
pentasaccharide sequence in up to 30% of molecules,” and
only polysaccharide chains with a critical length of at least
15 to 18 saccharides show an interaction with thrombin via
a thrombin-binding site,?' which is less specific than that of

the antithrombin-binding domain. Thus, the variable, poly-
anionic, negatively charged polysaccharide chains of hepa-
rins are likely to generate nonspecific binding reactions with
other molecules and may induce sensitization. The minimal
carbohydrate chain required for binding and activation of
antithrombin is a pentasaccharide sequence.?' The synthetic
pentasaccharide fondaparinux differs from heparins only by
the presence of an N-sulfate group instead of an N-acetyl
group at monosaccharide unit D and by introduction of a
methyl group that stabilizes the reactive aldehyde at the
reducing end of monosaccharide unit H*' (Figure 3). This
increases the affinity toward antithrombin (dissociation
constant, 36 nM) as well as anti-Xa activity compared with
the natural heparin pentasaccharide®; thus, the ultra-low-
molecular-weight pentasaccharide fondaparinux (1.728
kDa) is almost exclusively bound to antithrombin (>94%).
Together with its low charge density due to lower degree of
sulfation compared with heparins,* fondaparinux is physi-
cally too short to exhibit the aforementioned interactions
with thrombin and possibly with other proteins as well.
Thus, fondaparinux might not serve as a hapten and might
bind less effectively to other dermal proteins to acquire full
antigenicity to be recognized and processed by dendritic
cells, which is a required step for induction of DTH reac-
tions. Additionally, these structural properties might explain
the low incidence of HIT with fondaparinux therapy, which
hinders binding with platelet factor 4 and subsequent genera-
tion of the pathogenic complex for induction of HIT.**

The expected lower antigenicity of fondaparinux cor-
responds to our own observations that the sensitization
potential decreases with decreasing molecular weight of an
anticoagulant.®® The overlap in the polysaccharide compo-
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sition of the different LMWHs and UFHs might explain the
high degree of cross-reactivity among the different hepa-
rins,*>* and thus the high degree of tolerance to fonda-
parinux therapy in patients with multiple cross-allergic
reactions to heparins®'%% and in our 5 study patients with
a known cutaneous heparin allergy. Therefore, we hypoth-
esize that the allergenic epitope might not consist of the
pentasaccharide sequence that the fondaparinux molecule
shares with the different heparins. It is possible that molec-
ular weight—dependent quarternary structures of ultralarge
multimeric lattices of colinked heparin molecules?”-*® that
could not be detected among fondaparinux molecules® are
responsible for the graduated antigenicity of heparins.

CuinicAL CONSIDERATIONS

A lower antigenicity should not be the only rationale for
choosing an appropriate anticoagulant. Instead, we propose
an individualized anticoagulant regimen that takes into
account positive and adverse side-effect profiles of each
drug and clinical risk profiles of each patient to improve
therapeutic safety. Because female sex, obesity, and long
duration of therapy are risk factors for DTH reactions to
heparins,*’ fondaparinux treatment should be warranted
in these patients. Also, in cases of immediate or previous
DTH reactions to heparins, fondaparinux should be pre-
ferred because of the high degree of cross-allergies among
different heparins.* Because pregnant women taking
heparins are more likely to experience DTH reactions and
because approved therapeutic options for such women are
limited,”*** more data on fondaparinux therapy, which is
not approved for use during pregnancy,’' are desirable.

In patients with malignant diseases, UFH therapy with
nadroparin or dalteparin, rather than fondaparinux therapy,
might be more beneficial because these drugs decrease P-
selectin—mediated metastasis.** Patients with a high risk of
bleeding complications or renal insufficiency and those un-
dergoing surgery should receive UFH therapy because of its
shorter half-life and because its effects can be antagonized/
reversed by protamine. Furthermore, intravenously admin-
istered UFH has been shown to be tolerated in patients who
have a DTH reaction to subcutaneously administered hepa-
rins.* Patients with a long-term indication for subcutaneous
anticoagulant therapy, patients with underlying osteoporosis,
or those who experience bone fracture might benefit more
from fondaparinux than from LMWH therapy because in
vitro data have shown that fondaparinux does not inhibit the
proliferation of osteoblasts.*

Although our data suggest a negligible incidence of
fondaparinux-induced skin lesions, we still recommend
application of the easy-to-perform and clinically well-
established pretest probability score for HIT' in cases of
skin lesions because they are considered one of the main

sequelae of HIT' and may progress to necrosis (Figure 1,
bottom) and because it remains uncertain whether fonda-
parinux therapy can induce HIT.33¢

LimiTATIONS

Because our study consisted of only 5 patients with a
known DTH reaction to LMWH/danaparoid, we cannot
conclude with certainty that fondaparinux has no cross-
allergies with heparins; however, several case reports*>2
and our own observations of more than 30 patients with
DTH reactions to heparins (M.S., E.L.-L., R.J.L., unpub-
lished data, December 15, 2009) and tolerance to fonda-
parinux suggest it is possible. To minimize possible biases,
several investigators (M.S.,J.S., H. K., M.W,,R.K.,E.L.-L.,
R.J.L.) performed examinations in duplicate and confirmed
the findings with various methods, ie, platelet factor 4/
heparin—enzyme-linked immunosorbent assay, heparin-
induced activation assay, platelet count monitoring, clinical
assessment and follow-up examinations, allergy testing,
and histologic studies.

CONCLUSION

The incidence of DTH reactions during therapy with the
heparin-derived synthetic anticoagulant fondaparinux
(0.4%) is significantly lower compared to that with UFH
or LMWH (7.5%). Because of the low allergenic potential,
the known lower risk of HIT, and a favorable outcome
regarding thromboembolic complications compared with
the heparins, fondaparinux should be considered if an in-
dividualized anticoagulant regimen is being chosen to im-
prove patient care, enhance therapeutic safety, and increase
cost-effectiveness.
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