wouy

2202/82/1.0 U0 =SMWAGZMUMPXZOBBAR0AL OAEIOYIASALLIAIPOOAEIEAHIDI/ID AUMY L XOMADUOINX YOHISABZIUTIMH+BYNSONL WNOTZL AR HIRSHNQUS AQ S

REVIEWS

Patch Testing During Immunosuppressive Therapy:

A Systematic Review

Asfandyar Mufti, MD,* Justin D. Lu, MSc,T Muskaan Sachdeva, BHSc,} Hiba Zaaroura, MD,* Nadia Kashetsky, MSc,§
Jensen Yeung, MD,ll Howard I. Maibach, MD g and Joel DeKoven, MDII

Abstract: Patch testing, used in the assessment of allergic contact dermatitis, is ideally avoided in patients receiving immunosup-
pressive therapy because of concerns with reductions in accuracy; however, this is not well characterized in the literature. This sys-
tematic review summarizes patch testing results in patients receiving immunosuppressive therapy. We identified 16 studies,
comprising 195 patients with dermatitis or psoriasis, who were patch tested while receiving immunosuppressants. Of
these, 7 studies, comprising 85 patients with dermatitis, patch tests were performed before and during immunosuppression.
Overall, 67.9% (n = 19) of the dermatitis patients receiving dupilumab maintained positive reactions to an allergen that previ-
ously graded as a 2+/3+ reaction. Several immunosuppressants were also associated with positive patch test results for var-
ious allergens. These include dupilumab, cyclosporine, and low-dose prednisone (<10 mg/d) for dermatitis, and tumor
necrosis factor « inhibitors, ustekinumab, and methotrexate for psoriasis. Ideally, it is preferable to patch test when patients
are not receiving oral immunosuppressants or immunomodulators. However, clinicians may choose to assess the risks and

benefits of patch testing for each patient given the impact of allergic contact dermatitis on patient quality of life.

P atch testing is commonly conducted in patients with suspected
allergic contact dermatitis and is ideally performed when pa-
tients are not taking systemic immunosuppressants or using topical
medications on the site of patch testing, which may suppress allergic
responses. Numerous allergens are used for patch testing, including
baseline or screening series, other series of allergens selected by the
clinician, and the patients' own personal and occupational prod-
ucts." Common screening series include the European Standard Se-
ries, TR.U.E. TEST, North American Contact Dermatitis Group
screening series, and the American Contact Dermatitis Society Core
Allergen series.

It is unclear whether patch tests can be conducted for patients re-
ceiving immunosuppressive therapy. Multiple factors, such as the
type of immunosuppressant as well as the dosage, may impact patch
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test results. Dupilumab, a monoclonal antibody and the first bio-
logic approved by the US Food and Drug Administration for the
treatment of atopic dermatitis, targets the a chain of the interleukin
4 (IL-4) receptor, inhibiting T helper cell 2 (Ty2) inflammation, in-
cluding IL-4 and IL-13.” Positive patch test results while on
dupilumab have been reported,” along with psoriasis patients on bi-
ologics or methotrexate,*> demonstrating that patients are capable
of mounting acute reactions during allergen exposure. In addition,
dosage may impact patch test results, as a multicenter, randomized,
double-blind, crossover study found that prednisone (20 mg/d) sup-
pressed extreme patch test reactions when compared with placebo,’
and another study found successful patch testing results when using
a lower dose (<10 mg/d) of prednisone.7

These findings suggest that there is uncertainty with respect to
the effect of immunosuppressive therapy and patch testing. An ex-
pert opinion by the North American Contact Dermatitis Group
members on the effects of immunomodulatory agents on patch test-
ing reported the following: (1) topical corticosteroids should be
avoided on the patch test site for 3 to 7 days; (2) it is acceptable to
patch test a patient receiving 10 mg of oral prednisone; however, it
is best if discontinued; (3) if patient uses intramuscular triamcino-
lone 40 mg, wait until 4 weeks after injection; (4) there is little to
no effect on patch test results for tumor necrosis factor a (TNF-a)
inhibitors, methotrexate, and ustekinumab; and (5) there is dose-
dependent inhibition for azathioprine, cyclosporine, mycophenolate
mofetil, and tacrolimus; however, more data are needed.®

In an attempt to address this uncertainty, we conducted a sys-
tematic review on patch testing in patients receiving immunosup-
pressants and evaluated studies that conducted both patch tests
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Figure 1. Flow diagram of literature screening using the Preferred Reporting ltems for Systematic Reviews and Meta-Analyses guidelines.

either before and during immunosuppression or only during
immunosuppression.

METHODS

This systematic review was conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines (Fig. 1).

Study Identification

OVID Embase and OVID MEDLINE databases were systematically
searched from inception to June 28, 2020, using variations of the fol-
lowing search key words: “patch test” and specific immunosuppres-
sants (Fig. 1). Using the predetermined inclusion criteria, titles/
abstracts and full texts of retrieved articles were independently
screened by 2 reviewers (A.M. and M.S.), and conflicts were resolved
by a third reviewer (J.Y.). A reviewer (M.S.) manually searched the

reference lists of relevant reviews and studies to identify articles
missed by the initial database search.

Inclusion Criteria

Eligibility for inclusion of articles was established a priori. Original
articles written in the English language were included if they (1) in-
volved the appropriate study population (ie, patients receiving immu-
nosuppressants), (2) used patch testing, (3) had an observational (ie,
case reports, case series, cross-sectional, or cohort studies) study de-
sign, and (4) were accessible through researchers' affiliated institution.
Conference abstracts and studies with irretrievable full texts were
excluded.

Data Extraction and Analysis

Abstract screening and data extraction were conducted by 2 authors
working independently of each other (H.Z. and M.S.). Disagree-
ments were resolved by discussion between the 2 authors. Data ex-
traction included the following: study characteristics, patient

Copyright © 2021 American Contact Dermatitis Society. Unauthorized reproduction of this article is prohibited.
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information (age, sex, comorbidities, family history of dermatitis or
allergies), medication information (type, dosage, duration, fre-
quency), and patch testing information (when patch testing was
conducted, the baseline series used, positive allergens, and lost aller-
gens). All allergens that tested positive were grouped into broad
source categories (eg, antibiotics, metals, fragrances, etc). For the
dupilumab studies, maintenance of positive reactions was assessed
by looking at baseline 2+/3+ reactions because of variability in patch
test results for weaker reactions.

RESULTS

Literature Search Results

A total of 1057 studies were identified through database searching
(Fig. 1). Of these, 190 articles were duplicates, leaving 867 articles
for title and abstract screening. From this, 823 studies were excluded
as not meeting the eligibility criteria, leaving 44 studies to be analyzed
for full-text review. Of these, 29 were excluded because of a
nonapplicable study design (n = 15), lack of inclusion of immunosup-
pressants (n = 9), no access to full text (n = 4), and absence of English
language (n = 1). After full-text review, 16 studies were included for
analysis.”>>**! Of these, 3 were cohort studies, 6 were retrospective
chart reviews, 6 were case reports, and 1 was a case series.

Study and Patient Characteristics

Overall, 195 patients (mean age = 48.9, n = 115) underwent patch
testing, of which 46.6% (n = 54) were male and 53.4% (n = 62) were
female; age and sex were not reported for 80 patients (Table 1). Of
the 16 studies included for analysis, 7 comprising 85 patients con-
ducted patch tests before and during immunosuppression therapy
in patients with dermatitis. However, none of the studies evaluated
repeat patch testing in a control group of patients without immuno-
suppression. The remaining 9 studies evaluated patch tests only dur-
ing immunosuppression, in patients with psoriasis (n = 43) and
dermatitis (n = 49). Patient comorbidities, known allergies, and fam-
ily history of dermatitis or allergies were generally not reported.

Patch Testing Results Before and During
Immunosuppressant Use

Five studies, consisting of 28 patients with dermatitis, evaluated
patch tests before and during treatment with dupilumab.>®'? The
most common dose was 300 mg every other week. The duration
of immunosuppression before patch testing was not reported for
the largest study (n = 23)° but ranged from 2 to 9 months with a
mean of 5 months for the remaining 5 patients.™'°'* A total of
67.9% (n = 19) of the patients on dupilumab maintained positive re-
actions to standard allergen concentrations. Allergens included the
following: fragrances, preservatives, emulsifiers and surfactants,
hairdressing agents, topical therapy, metals, adhesives, varnishes,
textile dyes, and antibiotics. Lost allergens included the following:
emulsifiers and surfactants, fragrances, sunscreens, metals, preser-
vatives, topical medication, and resin. Diminished reactions were

Copyright © 2021 American Contact Dermatitis Society.

not reported for the largest study (n = 23),” but of the remaining 5
patients, 2 had diminished reactions (1 to formaldehyde® and 1 to
nickel'!). A total of 28.6% (n = 8) of the patients had completely
suppressed reactions (ie, lost reactions) to standard allergen concen-
trations after immunosuppressive therapy initiation, which were all
originally 2+/3+ reactions. However, 3 of these patients had docu-
mented immunodeficiencies due to malignancies, lymphocytopenia,
and hypogammaglobulinemia, leading to low immunoglobulin G1
and immunoglobulin G2 levels.” No study evaluated the use of a
higher concentration of lost allergens during immunosuppressant
patch testing in an attempt to elicit a positive reaction.

The largest study was by Raffi et al® in 2020, who conducted a
retrospective chart review of 23 patients with 125 paired patch tests
before and after dupilumab. Dupilumab led to 13 lost reactions in 7
patients, resulting in 10.4% of patch test pairs.” However, 38.4% of
the pairs were labeled “unknown” effect and included any 1+ reac-
tion that became doubtful or negative.

The 13 lost reactions were as follows: 4 emulsifiers/surfactants (pro-
pylene glycol 10% and 100%, Amerchol, dimethylaminopropylamine),
2 sunscreens (sulisobenzone, phenylbenzimidazole-5-sulfonic acid), 2
metals (vanadium [IIT] chloride and phenyl mercuric acetate), 2 fra-
grances (balsam of Peru and fragrance mix I), 1 preservative
(iodopropynyl butylcarbamate), 1 topical medication (bacitracin), and
1 resin (tosylamide formaldehyde). However, 3 of the 7 patients had
preexisting immunodeficient conditions and accounted for 5 of the
13 lost allergens. Furthermore, some of the lost allergens (vanadium
chloride, phenyl mercuric acetate, propylene glycol 100%, Amerchol,
balsam of Peru, and fragrance mix) are associated with weak irritant re-
actions and may test negative upon retesting even in patients who are
not immunosuppressed.”> Consequently, it is difficult to delineate per-
sistent versus lost patch test results for weaker reactions. The remaining
4 studies comprising a total of 5 patients were small case series or case
reports.3’10'12

Two studies evaluated patch test results in dermatitis patients
before and during treatment on azathioprine and cyclosporine, re-
spectively.'*'* For azathioprine, 95.7% (n = 45) of the patients
maintained positive reactions to Parthenium hysterophorus after
6 months' treatment with either 300 mg of weekly azathioprine
(n = 25) or 100 mg daily orally (n = 22); however, the only allergen
tested was parthenium.'? Diminished reactions were not reported.
In a separate study with cyclosporine, 10 patients were on 5 mg/kg
per day, and the repeat patch test was conducted 1 month after res-
olution.'* Fifty-six percent of the reactions were lost, although it was
not specified what exact reactions were conducted or lost.

Positive Allergens in Dermatitis Patients With
Immunosuppression

Dermatitis patients with patch tests conducted during immunosup-
pression and associated positive allergens are summarized (Table 2).
For dermatitis, the drugs evaluated during immunosuppression in-
cluded dupilumab (n = 7), azathioprine (n = 2), cyclosporine
(n 2), azathioprine and prenisolone (n 1), systemic
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corticosteroids (n = 8), prednisone (n = 1), prednisone and cyclo-
sporine (n = 1), methotrexate (n = 2), mycophenolate (n = 1), and
unspecified (n = 1).

Patients with the most positive allergens were receiving treatment
with dupilumab (n = 28/35), cyclosporine (n = 6/11), and low-dose
prednisone (<10 mg/d, n = 6/6). Patients receiving dupilumab had
a broad range of positive allergens including antibiotics, rubbers, fra-
grances, toiletries, preservatives, emulsifiers and surfactants, topical
therapies, metals, adhesives, and textile dyes. For cyclosporine pa-
tients, positive allergens included fragrances, metals, rubber, sun-
screen, and preservatives. Prednisone also had a variety of positive
allergens including antibiotics, fragrances, metals, rubber, sunscreen,
emulsifiers, surfactants, and preservatives. Although 88% (n = 46/52)
of azathioprine and 75% (n = 3/4) of methotrexate patients were posi-
tive both before and during immunosuppression, there was a smaller
range of positive allergens tested or reported. For example, from the
2 azathioprine studies, patients had positive reactions only to cobalt
(n = 1/5) and parthenium (n = 45/47). The study testing parthenium
did not evaluate any other allergen, whereas patients in the cobalt study
were tested with the European baseline patch test series (Table 2). For
the 2 methotrexate studies, persistent positive patch test reactions were
reported to fragrances (n = 3/4), nickel (n = 1/4), and preservatives
(n = 2/4); however, the number of patients tested was small. One pa-
tient on mycophenolate reported positive allergens to cobalt, gold,
and triethanolamine.

Positive Allergens in Psoriasis Patients With
Immunosuppression
Psoriasis patients with patch tests conducted during immunosup-
pression and associated positive allergens are summarized (Table 3).
For psoriasis, the drugs evaluated during immunosuppression in-
cluded infliximab (n = 3), infliximab and methotrexate (n = 1),
adalimumab (n = 2), etanercept (n = 1), etanercept and methotrexate
(n = 1), secukinumab and methotrexate (n = 1), ustekinumab (n = 1),
methotrexate (n = 2), and cyclosporine and fumaderm (n = 1).
Patients with the most positive allergens were receiving TNF-a in-
hibitors (infliximab [n = 4/4], adalimumab [n = 3/4], and etanercept
[n = 3/5]), ustekinumab (n = 7/7), and methotrexate (n = 3/4). Patients
receiving TNF-a inhibitors (n = 10) had a broad range of positive allergens
including antibiotics, rubbers, fragrances, preservatives, emulsifiers and
surfactants, corticosteroids, and metals. Patients receiving ustekinumab
(n = 7) had positive allergens to fragrances, antibiotics, metals, preserva-
tives, sunscreen, and emulsifiers and surfactants. Patients on methotrexate
(n = 3) had positive allergens to fragrances, metals, antibiotics, preserva-
tives, glue, and nail polish. Drugs with fewer reported positive allergens
included secukinumab (n = 1), which reported only allergens to fra-
grances, and cyclosporine and fumaderm (n = 1), with allergens to an-
tibiotics. However, this could be due to the small sample size.

DISCUSSION

We conducted a systematic review and identified 16 studies that per-
formed patch tests while patients were receiving immunosuppresive

therapy. Overall, dupilumab did not drastically affect patch test re-
sults in patients who originally had 2+ and 3+ reactions, with only
13 reactions (10.4%) of 125 patch test allergens being lost after im-
munosuppression for the largest study (n = 23).° However, an
“unknown” effect was observed in 38.4% of patch test allergens,
which described any 1+ reaction that became doubtful or nega-
tive.” Several immunosuppressants were also associated with pos-
itive patch tests for various allergens, including cyclosporine and
low-dose prednisone for dermatitis, and TNF-a inhibitors,
ustekinumab, and methotrexate for psoriasis, suggesting that
they do not generally dampen patch test results.

Dupilumab did not seem to selectively block specific allergens or
allergen classes based on patch test results conducted before and
during immunosuppression. Dhingra et al*> found that nickel was
a potent inducer of the Tyy1, Ty17, and Ty22 pathways, whereas fra-
grance and rubber promoted Ty2 activity with less Tyl and Ty17
involvement, suggesting that dupilumab would dampen the Ty2
pathway and associated allergens such as fragrance and rubber while
not affecting Ty1-specific allergens such as nickel. However, Raffi
et al’ showed that between patch test results before and during
dupilumab, 13 lost allergens spanned a variety of allergen subtypes
(4 emulsifiers, 2 fragrances, 1 topical medication, 1 preservative,
and 1 resin). This is also supported by patch test results during im-
munosuppression, as there was a variety of positive allergens re-
corded for dupilumab, which included fragrances and rubber
(Table 2). Raffi et al’ also reported 3 immunodeficient patients
and contributed to 5 of the 13 lost allergies. Another 5 allergies oc-
curred in a patient who was believed to be hyperirritable in his initial
patch test, with 16 of 125 positive results.” These results support
patch testing for patients taking dupilumab for their dermatitis, as
patch testing may provide useful information about contact allergens.
However, a risk of false-negative patch test results remains, and it is
important for clinicians to recognize potential false negatives and
consider repeat patch tests when dupilumab is discontinued. Another
consideration is that if dupilumab is potent enough to suppress rele-
vant patch tests, it may also suppress the allergic contact dermatitis
associated with those allergens in a given patient; however, further
studies are needed to support this hypothesis.

Azathioprine and cyclosporine were also assessed in dermatitis
with patch tests before and during immunosuppression.'>'* Al-
though each treatment was limited to 1 study, both showed no overt
dampening effects for allergic responses. Of the 47 patients who
were positive for parthenium, only 2 lost their allergens after
6 months of azathioprine; however, the study assessed only the
parthenium allergen.”> Cyclosporine produced similar results, al-
though 56% of reactions were lost, those that were relevant based
on the patient's history were exactly reconfirmed.'* Furthermore,
this study was limited to excited skin syndrome, and patients with
initial patch test results may have been more sensitive to various al-
lergens.** This suggests that strongly positive reactions would be
more likely to be captured with patch tests conducted during immu-
nosuppression. In addition, we found various positive allergens re-
ported for cyclosporine in patients with dermatitis (Table 2).
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