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Abstract Corticosteroids are anti-inflammatory medications
used widely to treat allergic inflammation. Although the en-
docrine and gastrointestinal side effects of corticosteroids
have been described, the occurrence of immediate hypersen-
sitivity reactions and delayed contact dermatitis due to corti-
costeroids remains under-recognized. Hypersensitivity reac-
tions can occur to a corticosteroid itself, or to the additives
and vehicles in corticosteroid preparations. Skin testing and
oral graded challenge can help confirm the suspected culprit
agent in immediate hypersensitivity reactions and help identi-
fy an alternative tolerated corticosteroid. Patch testing can
help identify the culprit agents in delayed hypersensitivity
contact dermatitis. Cross-reactivity patterns have not been ob-
served for immediate hypersensitivity reactions as they have
been for delayed contact dermatitis. Sensitization in contact
dermatitis exhibits cross-reactivity patterns based on cortico-
steroid structure. We review the current understanding regard-
ing the clinical presentation, evaluation, and management of
immediate and delayed hypersensitivity reactions to
corticosteroids.
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Introduction

Corticosteroids are widely used for their anti-inflammatory
effects [1]. As corticosteroids are often used to treat allergic
reactions, they can be overlooked as a cause of immune-
mediated hypersensitivity reactions. However, allergic reac-
tions to corticosteroids have been reported with an estimated
prevalence of 0.1 to 0.3 % [2]. Delayed reactions to topical
corticosteroids have been reported with a higher frequency of
0.5 to 5 % [3]. This review summarizes our current under-
standing of the clinical presentation, diagnostic evaluation,
and management of immune-mediated hypersensitivity reac-
tions to corticosteroids.

Immediate Hypersensitivity Reactions

Immediate hypersensitivity reactions to corticosteroids have
been reported across a wide range of ages (2 to 90 years of
age) with similar prevalence between genders [4¢¢]. Two re-
views, spanning from 1966 to 1997 and 2004 to 2014, iden-
tified 174 reported cases of immediate hypersensitivity reac-
tions to corticosteroids in the literature [4+e, 5]. Anaphylaxis
(most frequently involving urticaria, angioedema, broncho-
spasm, vomiting, cardiovascular collapse) is the most com-
monly reported presentation, followed by isolated urticaria
or bronchospasm [4e¢].

The most commonly implicated corticosteroid is methyl-
prednisolone (41 % of cases), followed by prednisolone
(20 %), triamcinolone (14 %), and hydrocortisone (10 %)
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[4e]. Reactions occur most commonly following intravenous
administration (44 % of cases), followed by oral (26 %) ad-
ministration [4ee, 5]. Reactions following intra-articular, oph-
thalmic, and topical corticosteroids have been reported as well
[4ee, 5, 6°¢]. One case of an immediate hypersensitivity reac-
tion following inhaled corticosteroid was found to be a reac-
tion to the lactose additive [7].

The majority of immediate hypersensitivity reactions occur
within an hour of administration [4ee, 5]. Reported cases of
anaphylaxis and fatalities all occurred within the first hour
after steroid administration [4ee, 5, 8—11]. Although fatal re-
actions attributed to steroids have been reported up to 11 to
17.5 h after steroid administration [12], it remains inconclu-
sive whether these mortalities were adverse effects of steroid
administration or sequelae of significant underlying medical
comorbidities.

Pathophysiology of Immediate Hypersensitivity Reactions
to Corticosteroids

A variety of possible mechanisms for immediate reactions to
corticosteroids have been proposed. Given the nature of the
symptoms (pruritus, urticaria, angioedema, bronchospasm),
mast cell-mediated mechanisms are likely responsible for
some immediate hypersensitivity reactions. It is thought that
serum-specific IgE for the culprit corticosteroid is rarely iden-
tified due to the fact that haptenization is necessary for corti-
costeroids to elicit an allergic response [5, 6°°, 13].
Cyclooxygenase inhibition akin to aspirin-mediated sensitivi-
ty has also been raised as a possible mechanism accounting for
paradoxical bronchospasm and worsening of asthma seen af-
ter steroid administration [14-22]. It has been suggested that
fatal reactions are due to cardiovascular collapse resulting
from direct effects of corticosteroids on cardiac or smooth
muscle or changes in ion concentrations affecting myocardial
function [9, 23], although this effect has not been reproducible
in humans [10].

Immediate reactions following corticosteroid administra-
tion can also be due to sensitization to additives in the corti-
costeroid preparations, rather than the actual corticosteroid
molecule itself. The pathophysiology of corticosteroid-
induced contact dermatitis is discussed later in this review.

Corticosteroid Structure and Cross-Reactivity

The Coopman classification categorizes corticosteroids in
four reactivity groups (A, B, C, and D) based on their struc-
tural and clinical characteristics [24]. While cross-reactivity
patterns between structurally similar corticosteroids have been
established for delayed reactions (contact dermatitis) [25],
similar cross-reactivity patterns have not been established for
immediate hypersensitivity reactions. Alternative corticoste-
roids in the same group as the culprit corticosteroids are often
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tolerated, and cross-reactivity between corticosteroids in dif-
fering chemical groups have been observed [26-28].
Therefore, there is no evidence to suggest that corticosteroids
in the same chemical group as the culprit corticosteroid should
be discounted as a possible alternative agent. Skin testing and
graded challenge can be used to help identify an alternative,
tolerated corticosteroid [4ee, 5].

Diagnostic Testing

Skin prick and intradermal testing performed at non-irritating
concentrations of corticosteroids can be useful in evaluating
immediate hypersensitivity reactions. Serum-specific IgE is
not a reliable measure of corticosteroid allergy, as mentioned
earlier [5, 13].

Prior publications have reported that skin prick or intrader-
mal testing at non-irritating concentrations was positive fol-
lowing a suspected immediate hypersensitivity reaction to cor-
ticosteroid in the majority of cases (73/105) [4es, 5]. It is im-
portant to include intradermal testing in the evaluation, as
intradermal testing likely increases sensitivity of testing.
Among 80 cases reported in Patel et al., 25 had negative skin
prick testing followed by positive intradermal testing to the
suspected corticosteroid [4¢]. However, a retrospective re-
view of the reported cases suggests that the sensitivity of in-
tradermal testing is still low [6°¢, 28-34]. Out of eight positive
drug challenges identified in the literature, three were preced-
ed by a positive intradermal test and five were preceded by a
negative intradermal test [6e, 28—34].

Intradermal testing appears to be most helpful in identify-
ing alternative corticosteroid agents that will be tolerated. Out
of 36 negative corticosteroid challenges performed with alter-
native corticosteroid agents, all were preceded by negative
intradermal tests [5, 27, 28, 30-32, 34-38]. Retrospective re-
view of the reported cases (including reports of intradermal
testing followed by drug challenge performed with initially
implicated corticosteroids as well as alternative corticoste-
roids) suggests that negative predictive value and specificity
is high (88 and 97 %, respectively) [5, 6, 26-28, 30-32,
34-38].

Our interpretation of these reports is limited as testing be-
tween case reports was not standardized or consistently con-
firmed by drug challenge. Large systematic studies of skin
prick and intradermal testing performed with non-irritating
concentrations of corticosteroids are needed to validate pre-
dictive values.

Chemical Modification with Esters
Succinate Ester

Corticosteroids are combined with esters at the C21 position
to increase their solubility [39]. Succinate is the most common
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ester used for intravenous therapy [5] and can be responsible
for roughly one tenth of reported reactions to intravenous cor-
ticosteroids [4ee, 26, 33, 37, 40-44]. Sodium phosphate and
acetate esters can only be used for intra-articular or soft tissue
administration [5], and hypersensitivity to these esters have
not been reported. The succinate ester moiety has been pro-
posed to somehow increase the sensitizing potential of corti-
costeroids, although the mechanism is unclear [44]. It is pos-
sible that initially proposed cross-reactivity patterns were due
to sensitivity to the succinate ester used to solubilize group A
corticosteroids (methylprednisolone, prednisolone, hydrocor-
tisone) for intravenous administration [26, 44].

For patients who present with suspected immediate hyper-
sensitivity reactions to succinated corticosteroids, evaluation
for both the succinate form and unconjugated form of steroids
(for example, methylprednisolone succinate and methylpred-
nisolone) should be performed to differentiate between corti-
costeroid and succinate ester hypersensitivity.

Additives

Sensitization can also occur to additives in corticosteroid prep-
arations. Hypersensitivity reactions to additives account for
roughly one fifth of immediate hypersensitivity cases reported
to corticosteroid preparations [4+¢]. Sensitivities to lactose [7,
45-47], carboxymethylcellulose [26, 48—52], polyethylene
glycol [53-56], and hexylene glycol [57] (listed in order of
decreasing frequency) have been reported.

Lactose

Ten cases of milk-allergic individuals developing anaphylaxis
(8/10) or urticaria (2/10) after receiving lactose-containing
corticosteroid preparations have been reported [7, 45-47].
Reactions occurring to lactose additives seen in milk-allergic
children are due to IgE-mediated sensitization to milk [7,
45-47]. The corticosteroid preparations implicated were in-
haled fluticasone and salmeterol (Advair) in one case and
methylprednisolone succinate in nine cases. Caution should
be exercised when administering corticosteroids in milk-
allergic individuals [58].

Carboxymethylcellulose

Carboxymethylcellulose sensitivity has been reported with
intralesional and intra-articular injection of triamcinolone
[26, 48-52]. Carboxymethylcellulose is an osmotically active
ingredient that is used as a suspension agent in parenteral
preparations and a solubilizing or bulking agent in cosmetics,
medications, and barium sulfate radiocontrast media [26, 59,
60]. Little is known regarding the mechanism of hypersensi-
tivity to carboxymethylcellulose. One could conjecture that
carboxymethylcellulose, as an osmotically active agent,

causes direct mast cell activation upon intravenous adminis-
tration of the agent, akin to reactions seen with hyperosmolar
radiocontrast media. Indeed, it has been reported that patients
with hypersensitivity reactions after local injections of car-
boxymethylcellulose tolerate oral challenge with carboxy-
methylcellulose, suggesting that route of administration may
play a role in precipitating reactions [60]. However, anaphy-
laxis following orally administered carboxymethylcellulose
has been reported, and oral radiocontrast media containing
carboxymethylcellulose should be avoided in sensitized pa-
tients [59].

Polyethylene Glycol

Macrogols are ethylene glycol polymers (PEG) used in food
and cosmetics that are also used as pharmaceutical additives.
Although sensitization is less commonly reported compared
to previously listed additives, it should still be considered as a
possible culprit if listed in the ingredients [53-56].

Conclusions and Recommendations for Immediate
Hypersensitivity Reactions

+ Immediate hypersensitivity reactions are rare but have
been reported with an incidence of 0.3 to 0.5 % [2].

* Suspicion should be raised for [gE-mediated hypersensi-
tivity to corticosteroids in patients who develop allergic-
type reactions within 1 hour after corticosteroid
administration.

» Evaluation should consist of skin prick and intradermal
testing performed with non-irritating concentrations of
corticosteroids. At our institution, we have been using
the previously reported non-irritating concentrations listed
in Table 1.

* For patients who present with suspected immediate hyper-
sensitivity reactions to esterified corticosteroids, evalua-
tion for both the succinate form and unconjugated form
of the corticosteroid (for example, methylprednisolone
succinate and methylprednisolone) should be performed
to differentiate between corticosteroid and succinate ester
hypersensitivity.

*  When appropriate, evaluation should consist of skin prick
and intradermal testing for additives including milk pro-
teins, carboxymethylcellulose, and polyethylene glycol.

* Results of negative intradermal testing should be con-
firmed with drug challenge.

Contact Dermatitis
Contact dermatitis has been reported with a higher frequency

of 0.5 to 5 % compared to immediate hypersensitivity reac-
tions [3, 25, 65¢¢]. While contact dermatitis does not have the
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Tablel Recommended immediate hypersensitivity testing for corticosteroids and excipients. Dilutions adapted from listed references [6+¢, 26, 28, 54,
61-64]
Corticosteroid Skin prick test Intradermal tests References
dilutions (mg/mL)  dilutions (mg/mL)
Betamethasone sodium phosphate 4 4 Asakawa et al., Figueredo et al., Venturini et al., Figueredo et al.
Betamethasone acetate 6 6 Mace et al., Montoro et al.
Budesonide 0.25 0.0025 Venturini et al.
0.025
Dexamethasone sodium phosphate 4 0.04 Mace et al., Venturini et al., Rachid et al., Baker et al.
0.4
4
Hydrocortisone sodium succinate 100 1 Figueredo et al., Rachid et al., Venturini et al., Montoro et al.
10
25
Methylprednisolone acetate 40 0.4 Mace et al., Venturini et al., Baker et al.
4
Methylprednisolone sodium succinate 40 0.4 Mace et al., Baker et al.
4
Prednisone 30 No IDT Venturini et al.
Prednisolone 10 No IDT Venturini et al.
Triamcinolone acetonide 40 04
4 Baker et al., Venturini et al., Montoro et al.
40
Polyethylene glycol” 10 (1:100) 0.1 (1:10,000) Sohy et al.
100 (1:10) 1 (1:1000)
10 (1:100)
Carboxymethylcellulose® 5 0.005 Venturini et al.
0.05

# Dilutions based on literature and not personal experience, as we do not perform these tests at our institution.

acute, life-threatening nature of immediate hypersensitivity
reactions, it can negatively impacts patients’ quality of life
[66] and have significant detrimental consequences as patients
often present with worsening dermatitis failing topical corti-
costeroid treatment [3].

Corticosteroid contact dermatitis occurs more frequently in
women (3:1 women to men ratio) [25]. In a review of patch
testing results for 11,596 patients, of which 315 were positive,
the most commonly affected occupations were housewife
(18 %), office work (17 %), retired (7 %), housekeeping
(6 %), education (5 %), student (5 %), and health care (4 %)
[25]. The affected skin areas were hands (25 %), legs (21 %),
face (20 %), feet (17 %), generalized (14 %), arms (14 %),
eyes (14 %), trunk (5 %), and neck (5 %) [25].

The lesions of corticosteroid-induced contact dermati-
tis are nonspecific and generally present as worsening of
primary dermatitis or acute eczematous dermatitis [3].
Localized edema [67, 68] or erythema-multiforme-like
reactions [69—71] have been described. Patients who
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received ophthalmological steroids generally present with
conjunctivitis or peri-orbital edema or eczema [25].
Contact sensitization occurs most commonly via the top-
ical route (most commonly dermatologic and less com-
monly ophthalmic) [25]. A proportion of patients may be
sensitized via exposure to aerosolized corticosteroids, ei-
ther through treatment with inhaled corticosteroids or
caring for or living with patients being treated with in-
haled corticosteroids [25].

Pathophysiology of Contact Dermatitis to Corticosteroids

Corticosteroids can cause contact dermatitis via a type IV cell-
mediated delayed hypersensitivity reaction. As with immedi-
ate hypersensitivity reactions, contact dermatitis to topical cor-
ticosteroids can occur due to sensitization to additives or ve-
hicles used for topical corticosteroid preparation, rather than
to the actual corticosteroid itself.
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Corticosteroid Structure and Cross-Reactivity

Corticosteroids have a core structure of three rings of
six carbon atoms and one ring of five carbon atoms
(cyclopentanoperhydrophenanthrene nucleus) [6+¢]. Variations
in double bonds, methyl groups, acetonide bonds, and halogena-
tion affect corticosteroid characteristics such as solubility, cuta-
neous preparation, and degradation [6¢¢]. Clinical and structural
studies have resulted in the Coopman classification of corticoste-
roids in four groups A-D [24], with further subdivision of
group D by Matura and Goossens into subgroups D1 and D2 [3].

Cross-reactivity has been observed between members of
the same group [3, 25, 72]. Tixocortol-21-pivalate, a group
A corticosteroid, has been shown to be a good screening agent
for group A corticosteroids [73, 74]. Budesonide has been
found to be a good screening agent for group B corticoste-
roids, in which group budesonide is classified, as well as some
of the group D1 corticosteroids [3].

Patch testing results are most frequently positive to group
A corticosteroids, followed by group B corticosteroids,
followed by group D2 corticosteroids [3, 25]. The difference
in sensitization rates between corticosteroids with (D2) and
without (D1) methyl and/or halogen substitution was what
lead Matura and Goossens to propose the D1 and D2
subgrouping. Group D2 corticosteroids cross-react with each
other and with budesonide and group A corticosteroids [3].

Pathophysiology

It has been proposed that haptenization of corticosteroids after
skin penetration plays a key role in the development of sensiti-
zation. The oxidized C,; position is the proposed reaction site for
fixation to skin proteins [3]. This suggested mechanism is sup-
ported by observed cross-reactivity patterns [72]. Corticosteroid
degradation products with an aldehyde at C,; (formed via either
oxidative or non-oxidative degradation) are called steroid
glyoxals. The immunogenicity of several corticosteroids corre-
lates with the ability of the steroid glyoxal breakdown products
to bind arginine [75]. Given the increased frequency of positive
patch testing to ethanol in corticosteroid-sensitive patients
and the fact that ethanols are also degraded via aldehydes,
it is possible that aldehyde formation plays a role in both
ethanol and corticosteroid contact hypersensitivity [3, 76].

Diagnostic Testing

Patch testing is the standard for diagnosing contact dermatitis
[77]. Tixocortol-21-pivalate (0.1 % petrolatum) and
budesonide (0.01 % petrolatum) are included in the thin-
layer rapid use epicutaneous test (TRUE Test) that was
FDA-approved in 1995 [77]. Of the corticosteroids,
tixocortol-21-pivalate and budesonide were among the top
50 allergens identified as a causative agent of contact

dermatitis over a 6-year period [78]. A combination of
tixocortol-21-pivalate and budesonide identified 91.3 % of
patients with corticosteroid contact dermatitis [79].

Supplemental patch testing is needed to identify the culprit
corticosteroid agent in the remaining patients. A 5-year mul-
ticenter review of 427 patients evaluated with the TRUE Test
found that 48 patients (12.5 %) needed supplemental patch
testing (including corticosteroids) to identify the culprit aller-
gen and 98 patients (25.6 %) were positive to additional aller-
gens on supplemental patch testing [80]. Similarly, data from
the North American Contact Dermatitis Group suggest that
utilizing TRUE Test alone would fail to detect 26.7 % of
culprit allergens [81]. The North American Contact
Dermatitis Group includes hydrocortisone-17-butyrate (D2),
clobetasol-17-propionate (D1), and triamcinolone acetonide
(B), in addition to tixocortol-21-pivalate and budesonide in
the core group of allergens suggested for use in allergic con-
tact dermatitis screening [82]. In Europe, the standard cortico-
steroid series consists of Amcinonide (0.1 % ethanol),
betamethasone-17-valerate (0.12 % ethanol), clobetasol-17-
propionate (0.25 % ethanol), hydrocortisone (0.1 % ethanol),
hydrocortisone-17-butyrate (1 % ethanol), triamcinolone
acetonide (0.1 % ethanol), budesonide (0.1 % ethanol), pred-
nisone (1 % ethanol), and tixocortol-21-pivalate (0.1 % petro-
latum) [83].

Choosing the appropriate vehicle is essential for patch test-
ing in order to ensure adequate skin penetration. Tixocortol-
21-pivalate and budesonide prepared in petrolatum have been
shown to have good sensitivity and specificity [73, 84].
Ethanol is the vehicle of choice for the other corticosteroids,
with two exceptions [25]. Baeck et al. recommend diluting
cortisone acetate and hydrocortisone in a 50:50 ethanol and
dimethyl sulfoxide mix to improve trans-epidermal penetra-
tion [25]. When ethanol is used as the vehicle, it must be tested
separately, as positive reactions to ethanol itself can occur
[76]. Although corticosteroids can degrade significantly in
ethanol solutions, with chromatographic purity falling 95—
97 % at the end of 1 month of refrigeration at 68 °C [85], a
subsequent study demonstrated stability up to 1 yearat—18 °C
[86]. Therefore, at institutions where corticosteroid patch test-
ing is performed frequently, it may be reasonable to store
solutions at —18 °C for up to 6 to 12 months [25].
Otherwise, fresh preparations should be mixed regularly [3].
Baeck et al. provide comprehensive vehicle and concentration
recommendations in Table 2 of their review [25].

Topical Corticosteroid Vehicles

Vehicles used for topical corticosteroid preparation can also
cause irritation or contact dermatitis. Sensitization to vehicles
should be suspected in patients with negative evaluation for
corticosteroids on patch testing despite a convincing history
for corticosteroid-induced contact dermatitis and patients that
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Table 2 Corticosteroid grouping and observed cross-reactivity patterns [3,25, 82]

Group  Corticosteroid examples in  Structure Cross-reactivity
each group
e Commonly used brands

A — Hydrocortisone Type

Hydrocortisone e (,, —short-chain ester or thioester 1. within group

e Aveeno Anti-Itch 2. with group D2 corticosteroids
e (Cortizone 3. with budesonide-(S)-isomer

e Cortaid

Methylprednisolone Representative corticosteroid for patch test:

Prednisolone e Tixocortol-21-pivalate

Tixocortol pivalate
B — Triamcinolone Acetonide Type

Desonide e C Cy7— cis-ketal or —diol 1. within group
e Desonate 2. budesonide-(S)-isomer cross-reacts with
e  Desowen group A and D2 corticosteroids
Fluocinolone
e Capex Representative corticosteroid for patch test:
e Synalar e Budesonide
Triamcinolone
e Kenalog
C — Betamethasone Type

C1*  Betamethasone e (s — methyl substitution 1. betamethasone and/or dexamethasone
Dexamethasone e Halogen substitution and group B
Desoximetasone e Non-esterified
e Topicort

C2*  Diflucortolone valerate e (s — methyl substitution No significant cross-reactivity pattern
Fluocortolone pivalate e Halogen substitution observed
Clotorcolone pivalate e Stable esters (-valerate, -pivalate)
e Cloderm

D — Hydrocortisone-17-Butyrate Type

D1 Betamethasone dipropionate e  C,;4 — methyl substitution 1. rare cross-reactivity between
e Diprolene e Halogen substitution aclomethasone dipropionate and group A,
Clobetasol propionate e ;- long-chain ester budesonide, group D2
e Clobex e C, —possible side chain
Mometasone fuorate
e FElocon

Representative corticosteroid for patch test:
e  Clobetasol-17-propionate

D2 Hydrocortisone-17-butyrate e  C;5— no methyl substitution 1. within group
e Locoid e No halogen substitution 2. with group A corticosteroids
e Locoid Lipocream e (C,;—long-chain ester 3. with budesonide-(S)-isomer
Hydrocortisone valerate e C, — possible side chain

e Westcort
Lipophilic prodrugs that penetrate skin easily

Representative corticosteroid for patch test:
e Hydrocortisone-17-butyrate
*C1 and C2 subgrouping has been proposed by Back et al.. However, it is not as established as the D1 and D2 subgrouping in the published literature

tolerate only specific formulations of corticosteroids.  and sorbitan sesquioleate are included in the TRUE Test.
Parabens, formaldehyde-releasing preservatives (quaternium-  Propylene glycol patch testing is recommended with 30 %
15), isothiazolinones, lanolin, ethylenediamine, sorbitan aqueous solutions. This concentration can have transient irri-
sesquioleate, fragrance, and propylene glycol are all known  tant responses but prevents false-negative results [94].
contact allergens commonly used in topical corticosteroid  Sorbitan sesquioleate patch testing can be performed with
preparations [87-93]. All of these except propylene glycol 20 % petrolatum preparations [95].
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Conclusions and Recommendations for Contact
Dermatitis

Contact dermatitis is a delayed hypersensitivity reaction to
corticosteroids that is reported with an incidence of 0.5 to
5% [3].

Suspicion should be raised for corticosteroid contact der-
matitis in patients receiving topical corticosteroid treat-
ment with worsening of primary dermatitis, an acute ec-
zematous dermatitis, localized edema, or erythema-
multiforme-like reactions.

Patch testing is the standard for evaluation of delayed hyper-
sensitivity. The TRUE Test includes tixocortol-21-pivalate
(0.1 % petrolatum) and budesonide (0.01 % petrolatum).
The combination of these two corticosteroids identifies the
majority of patients with delayed hypersensitivity to cortico-
steroids. Supplemental corticosteroid patch testing is required
to identify the remaining corticosteroid-sensitive patients.
Cross-reactivity patterns described in Table 2 have been ob-
served. For patients with positivity to tixocortol-21-pivalate
or budesonide on TRUE testing, supplemental patch testing
and consideration of cross-reactivity patterns can guide iden-
tification of a tolerated corticosteroid for therapeutic use.
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