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Opinion Statement

Proton pump inhibitors (PPIs) are drugs widely used and usually well tolerated. However,
cases of immediate or cell-mediated hypersensitivity reactions due to all PPIs, with the
exception of the newest dexlansoprazole and tenatoprazole, have been described. In the
case of suspected IgE-mediated reaction skin test (prick test and intradermal test) with
nonirritant drug concentration published is safe and highly specific (100 %) with a PPV of
100 %. Thus, oral provocation test should be performed only in case of negative results to
rule out definitely the diagnosis. In the case of possible cell-mediated hypersensitivity
reaction, a delayed reading of intradermal test, at least after 24 and 48 h, and patch test
should be performed, but we do not have standardized procedures so far. Cross-reactivity
among all PPIs is not a dogma, in fact, three patterns of cross-reactivity have been
described. Thus, in patients with ascertained allergy to a PPI, a complete evaluation (skin
test and oral provocation test) of all five PPIs available helps to identify a safe alternative.

Introduction

Proton pump inhibitor (PPIs) drugs are potent inhibi-
tors of gastric acid secretion, which block the hydrogen-
potassium adenosine triphosphatase enzyme system
(H+/K+-ATPase). These drugs are widely used for the
treatment of gastrointestinal diseases, such as gastro-
esophageal reflux or peptic ulcer. They are also frequent-
ly used in combination with other drugs, for the eradi-
cation of Helicobacter pylori, and to prevent gastric dam-
ages due to corticosteroids and nonsteroidal anti-
inflammatory drugs (NSAIDs). PPIs are frequently used

without medical prescription, and they are often not
recorded in the medical history.

Since the first PPI omeprazole was introduced in
1989, other six PPIs have been developed: pantoprazole,
esomeprazole, rabeprazole, lansoprazole, R-enantiomer
dexlansoprazole, and tenatoprazole (not available in
Italy). PPIs are usually well tolerated, with a low risk of
minor side effects, approximately of 1–3 % [1]. The
most common side effects induced by PPIs are diarrhea,
headache, nausea, dizziness, and skin rash.



Serious adverse hypersensitivity reactions to
PPIs, both nonallergic (cytopenia, vasculitis, acute
interstitial nephritis, hepatitis, and cutaneous lupus
erythematosus) and allergic (anaphylaxis, contact
and photoallergic dermatitis, drug rash with eosin-
ophilia and systemic symptoms (DRESS), Stevens-
Johnson syndrome, and toxic epidermal necrolysis),

have been reported [1, 2•, 3–6, 7•, 8–14]. More-
over, since most patients are on long-term therapy
with PPI, safety concerns about adverse effects have
been arisen [1, 15•].

This review will focus on allergic hypersensitivity
reactions to PPI and the related diagnostic approach
and treatment options.

Chemical structure of PPIs and hints of pharmacokinetic

The currently available PPIs have a common chemical structure, represented by
a benzimidazole ring plus a pyridine ring, varying only in the side chain
substituted on both moieties.

Thus, omeprazole and pantoprazole have respectively a methoxy and a
difluoromethoxy chain in their benzimidazole rings, whereas lansoprazole
and rabeprazole change the pyridine ring, where there are trifluoroethoxy and
methoxypropoxy chain respectively.

Omeprazole, lansoprazole, and rabeprazole have a relatively short plasma
half-life (1–2 h), while esomeprazole, the S-enantiomer of omeprazole, is
metabolized more slowly than omeprazole. Overall, all these PPIs do not
provide a 24-hour control of gastric acidity [16].

Tenatoprazole has a fivefold to sevenfold longer half-life and, unlike other
PPIs, is not a substituted benzimidazole, but it is characterized by
imidazopyridine ring [16].

Dexlansoprazole, the R-enantiomer, is equipotent to lansoprazole in
inhibiting H+/K+-ATPase; however, as dexlansoprazole, it shows a slower
clearance with corresponding higher circulating plasma concentrations and
longer half-life because it is commercialized as a modified release formulation
that uses an innovative dual delayed release (DDR) delivery system [17]. The
DDR formulation results in a two-phase plasma concentration profile, with two
distinct peaks: the first peak occurs 1 to 2 h after administration, followed by a
second peak within 4 to 5 h [18].

PPIs are prodrugs, formulated as delayed-release enteric-coated preparation,
and they are mainly absorbed in the small intestine [16]. After absorption,
within the acid environment of parietal cells, PPIs undergo to a protonation in
both pyridine and benzimidazole or imidazopyridine ring that leads to the
formation of the active sulfenamide derivative, which binds covalently to
cysteine moieties of the H+/K+-ATPase. Once inhibition has taken place, recov-
ery of acid secretion can occur only after regeneration or synthesis of newH+/K+-
ATPase [16].

Safety of long-term treatment with PPIs
PPIs may facilitate comorbidities

A theoretical interaction between PPIs and clopidogrel, due to the competitive
binding at cytochrome (CYP) 450, has been highlighted. This may reduce the
conversion of clopidogrel in its active metabolite, thus leading to an increased
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risk of cardiovascular events. However, results of clinical studies are still in-
consistent, and it is not possible to exclude or confirm a clinically significant
interaction. Indeed, FDA has currently advised against the use of omeprazole
and esomeprazole in patients taking clopidogrel [15•].

PPIs have also been implicated in the development of osteoporosis and a
possible increased risk of bone fractures, since early studies have shown a trend
toward increased risk of fracture among people taking long-term therapy with
PPIs [19, 20]. The possible mechanisms might be a consequence of a decreased
calcium absorption due to the increased gastric pH or a diminished osteoclast
function caused by the inhibition of the vacuolar proton pump [15•].

Other studies did not confirm this association, and a recent meta-analysis
has not established a clear link between PPIs use and risk of fractures and has
also excluded a dose-dependent or duration-dependent effect [21–23]. This
discrepancy might be explained by the fact that early studies probably suffered
from an appropriate stratification of other possible risk factors associated with
osteoporosis.

Some case reports and small case series have also suggested a risk of hypo-
magnesemia in patients treated for long periods with PPIs, mainly elderly and
those treated with diuretic and/or digoxin, which prompted in 2011 the FDA to
issue a warning about the risk of hypomagnesemia in patients chronically
treated with PPIs [15•, 24–26]. On the other hand, the mechanism of PPIs-
induced hypomagnesemia remains still unknown, although it seems to be
related to a reduced intestinal absorption of magnesium. Current knowledge
suggests that it would be reasonable to check blood level of magnesium in
patients who require long-lasting therapy with PPIs [15•].

Chronic therapy with PPIs is not associated with vitamine B12 deficiency
[1].

Other possible safety concerns include a supposed, but not proven, in-
creased risk of enteric infections (including Clostridium difficile), which might
be a consequence of the alteration of the intestinal bacteria microbiota, and an
increased risk of community acquired pneumonia following the increased
bacterial colonization of the stomach facilitated by hypochlorhydria [1, 27–29].

Long-term use of PPIs has been in principle supposed to accelerate the
progression of H. Pylori-associated chronic gastritis to gastric atrophy, which
may evolve in intestinal metaplasia and gastric cancer, but currently, there is no
convincing study of this [1]. Prolonged PPI therapy is associated with the
development of parietal cell hyperplasia, with a fourfold incidence of fundic
gland polyps, regardless of the presence of H. Pylori infection, conditions that
rapidly regress after H. Pylori is eradicated or PPIs are discontinued [30]. Fundic
gland polips may rarely became dysplastic but almost exclusively in patients
with familial adenomatous polyps [1, 31].

PPIs may facilitate developing of food and drug allergy
Therapy with antiulcer drugs is indicated as a possible cause of allergic sensiti-
zation to foods. A low gastric PH (between 1 and 3.5) is indeed necessary to
activate gastric pepsin and duodenal secretin and also to stimulate the release of
pancreatic enzymes. When anti-acid drugs inhibit acid gastric secretion, food-
related allergens may remain intact and absorbed, facilitating an allergic sensi-
tization [32, 33].
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Anti-acid therapy is also considered a possible cofactor, together with exer-
cise, anti-inflammatory drug therapy and alcohol, in decreasing the threshold
dose of allergens able to elicit anaphylaxis. This may be especially relevant in
patients with wheat-dependent exercise-induced anaphylaxis (WDEIA) or in
patients with oral allergy syndrome due to acid-sensitive allergens who might
develop systemic symptoms when eating a big amount of allergen while being
on PPI [34••].

Animal and human studies have confirmed that the use of PPI and other
anti-acid increases the risk of sensitization to food allergens and the risk of
developing anaphylaxis [35–37].

Moreover, anti-acid therapy has been indicated as a possible risk factor for
drug hypersensitivity reactions. In a recent retrospective study involving hospi-
talized patients, the odds ratio of drug hypersensitivity was 4.35 in PPI-treated
patients, comparedwithmatched controls after correcting for confounders [38].
In a murine sensitization model to diclofenac, anti-diclofenac IgE and IgG1
were evidenced only in those mice receiving albumine-coupled diclofenac
under PPI-therapy. [39]. It might be speculated that a complete gastric acid
suppression, as occurs in long-term PPI-treated patients, may predispose to
allergic sensitization as a consequence of the persistence of intermediate drug
carrier complexes that allow small molecules to become immunogenic after
bounding to a protein carrier (i.e., albumine) [40].

These observations remain at a hypothesis stage and require further re-
searches to better clarify the role of hypochlorhydria and related mechanisms
in inducing drug hypersensitivity in humans.

Allergic hypersensitivity reactions
Type I, IgE-mediated hypersensitivity reactions

Several reports about hypersensitivity reactions to PPIs are available in literature.
Currently, there are 35 reports of type I reactions for a total number of 184 patients
with symptoms ranging from mild to life threatening (anaphylaxis) (Table 1).

The first case report of urticaria/angioedema and bronchospasm, which
occurred after 2 h of omeprazole intake in a 44-year-old man, was published
only 3 years after the marketing of the drug [41]. However, the author indicated
the possibility of a sensitization toward capsule shell, because the patient could
tolerate enteric coated granules without the gelatine envelope.

There is only another report of sensitization to additives, which is the case of
a cell-mediated sensitization to sodium lauryl sulfate, a preservative held in
omeprazole and lansoprazole capsules, in a patient with generalized erythema
after omeprazole and lansoprazole intake [42].

Most of case reports and small case series (Table 1) report hypersensitivity
reaction (HSR) to omeprazole (74.5 %), while pantoprazole and lansoprazole
are the culprit drugs in 12 % of cases each and rabeprazole only in one case
(1.5 %). Two recent large trials showed a different distribution of the frequency
of PPIs involvement [43••, 44••]. Bonadonna [43••] reported a more frequent
involvement of esomeprazole (30 %), followed by lansoprazole (26.4 %),
while omeprazole was the culprit drug in 18.9 % of cases; In the population of
Kepil Ozdemir study [44••], lansoprazole was responsible of 80 % of cases of
HSRs while omeprazole was responsible in 1.5 % of cases. This may reflect a
different regional distribution in PPI prescription.
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There are no reported cases of HSRs to dexlansoprazole or tenatoprazole.
An extensive review of the literature on PPIs HSRs was published in 2013.

Bose et al. evaluated all case reports and case series published, analyzing for
each case demographic, clinical, and diagnostic aspects, and they found that
86 % of cases were type I, IgE-mediated HSRs to PPIs [45].

Almost all reports involve adult patients, with the exception of a case of
anaphylaxis in a 14-year-old child that appeared 2 h after omeprazole intake [46].

The mean age of the 118 patients evaluated in the above mentioned review
was 46±13 years, according to the mean age reported in other papers ranging
from 42 to 54 years [43••, 44••, 45, 47–49]. This data obviously reflect the
more frequent chronic use of PPIs in this age group or an Bas needed^ use of
these drugs, which might favor an allergic sensitization. Female gender was
more frequently involved (61–81 %) in all these publications [43••, 44••, 45,
47–49].

Mucocutaneous symptoms (urticaria in 54 % of cases and angioedema in
38 % of cases) were reported as the most frequent manifestation, while hypo-
tension occurred in only 23 % of cases [45].

Table 1. Reports of immediate-type reactions to proton pump inhibitors, skin test results, and cross-reactivity
patterns

[41]
[88]

[41]
[69]

[13]
[70]

[89]
[84]

[81]

(type B)

[71]
[82]

[50]
[51]

[74]
[72]

[90]
[83]
[75]

[77]
[52]

[53]

[47]

[91]
[46]

[54]

,

,

,

,

,

[76]
[92]

[78]
[55]

[43]

[79]
[73]

[48]

[44]

[49]

In gray color: papers with complete evaluation of cross-reactivity among all PPIs
Type A cross-reactivity among omeprazole, pantoprazole, and esomeprazole, Type B cross-reactivity between lansoprazole and rabeprazole,
Whole group cross-reactivity among all PPIs, Om omeprazole, Pa pantoprazole, Es esomeprazole, La lansoprazole, Ra rabeprazole
aPossible allergy to the capsule shell
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Taking into account all the papers published until now (Table 1), including
the two large trials [43••, 44••], life threatening reactions appear to be frequent,
occurring in up to 41.30% of patients, while urticaria/angioedema occurs in up
to 57.6 % of cases. This is a very important point, and prescribers should be
aware of this, mainly when they have to prescribe PPIs to patients with history
of reaction to NSAIDs or antibiotics during H. pylori eradication, where it is
important to rule out allergy to PPIs.

Another important point of PPIs HSR is the latency time between the last
drug intake and symptom appearance. Looking at the literature, it is clear that
type I HSRs to PPIs usually occur within 1 h, also in case of severe anaphylaxis,
but there are reports of anaphylactic reactions beginning up to 3 h after PPI
intake [46, 47, 50–55]. This observation was also confirmed in one large study
where 16 patients (24.6 %) had reactions in 1–24 h.

A possible explanation might be found in the formulation of oral PPIs
that are available as delayed release, enteric-coated tablets or capsules that
protect PPIs from premature acid degradation in the stomach so that
absorption can occur in the proximal small intestine, and this may delay
the onset of symptoms.

In a case of recurrent delayed anaphylaxis to pantoprazole, it was hypothe-
sized that the unusual timing of reactions might be explained by variations in
the metabolic pathways of cytochrome P450 enzyme, so poor metabolizers
could suffer an accumulation of drug as a result of a decreased oral clearance
and prolonged plasma half-life [50].

Delayed hypersensitivity reactions
Delayed HSRs to PPIs are less frequently reported in literature (Table 2). The
first report of a delayed HSR, published in 1992, was a toxic epidermal
necrolysis in a 72-year-old woman after 2 weeks of therapy with omeprazole
[8]. Afterward, other case reports of epidermal necrolysis and severe exfoliative
dermatitis caused by omeprazole, lansoprazole, and esomeprazole have been
published [10, 48, 56–58].

One case of DRESS after 20 days of treatment with esomeprazole was published
in 2007 [9]. In this paper, a cross-reactivity among esomeprazole, omeprazole, and
pantoprazole, but not rabeprazole, was documented by patch test.

There is only one case of Steven-Johnson syndrome and toxic hepatitis
published in Spanish language on 2009 [59]. PPIs may also cause
photoallergic dermatitis and fixed drug eruption (FED) [12, 60, 61].

Five cases of occupational airborne contact dermatitis caused by
lansoprazole, pantoprazole, and omeprazole in pharmaceutical industry
workers have been reported so far [11, 62–65].

Ghatam et al. have recently published a large study involving 96 workers
who reported possible allergic symptoms resulting from occupational exposure
to omeprazole during the manufacturing process. Part of the patients
underwent patch test and lymphocyte transformation test (LTT) which associ-
ated and confirmed allergy in 40% of patients [65]. The authors also confirmed
the relevant sensitizing capacity of omeprazole by performing a predictive test
on guinea pigs as previously demonstrated by Hausen et al. [66]. Indeed, PPIs,
among the numerous azole derivatives, are considered to be strong sensitizers
via topical exposure [66]. In contrast, oral or systemic exposure is less frequently
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associated to the development of eczematous symptoms. Therefore, direct
contact of PPI formulation with the skin should be avoided.

Diagnostic procedures

In patients with suspected drug allergy, the diagnosis is usually based on skin
testing and, when indicated, oral provocation test (OPT) [67, 68].

Nevertheless, skin tests are often not carried out due to the paucity of
information on the adequate and nonirritant concentration to be used. Thus,
a diagnosis is made only on the basis of clinical history or of the positivity of
oral provocation test, which could not discriminate between immuno-
mediated or non immuno-mediated reactions. This is the case of the first
reports on PPIs HSRs [69–73].

The first diagnostic protocol for immediate reactions to omeprazole and
lansoprazole was published in 1999 [13]. Afterward, many other case reports with
diagnostic procedures limited to some PPI have been published [52, 53, 74–76].

In 11 of the papers, the authors performed skin test with all the PPIs
available, with the exception of dexlansoprazole and tenatoprazole, to assess
the pattern of cross-reactivity. Among these reports, skin prick test (ST) and
intradermal test (ID) protocols differ subtly in the considered nonirritant
concentration used [43••, 44••, 49, 52–54, 74, 76, 77, 79].

Some authors also performed IDwith lansoprazole and rabeprazole that are
available only for oral administration. Oral preparations for cutaneous tests are
usually crushed and diluted in saline solution, but this procedure could have
produced false positive results [49, 52, 54, 74].

Bonadonna et al. reported a clinical study on the diagnostic accuracy of
skin test (ST and ID) vs OPTs including 40 patients with mild to moderate
immediate reactions. The authors reported a specificity and a positive pre-
dictive value (PPV) of 100 %, whereas the sensitivity and the negative
predictive value (NPV) were 61.3 and 91.9 % respectively. The positive and
negative likelihood ratios were 61.3 and 0.39 [43••]. The recommended
nonirritant concentration for ST was 40 mg/mL for omeprazole,
esomeprazole, pantoprazole, and rabeprazole and 30 mg/mL for
lansoprazole, while the maximum concentration used for ID was 0.4 mg/mL
for omeprazole, esomeprazole, and pantoprazole [43••, 80]. It is not rec-
ommended to perform IDs with solutions obtained from oral preparations
due to the risk of false positive results.

The study by Kepil Ozdemir confirmed the satisfactory specificity (100%) and
PPV (100%), with lower values of sensitivity (58.8 %) and NPV (70.8 %) [44••].

Skin tests are overall safe; no adverse reaction during skin test performance
with PPI has been reported so far. A single study suggests that the probability of
confirming an IgE-mediated mechanism with cutaneous test decreases over
time as happens with beta-lactams and highlights the importance of studying
drug allergy as early as possible [54].

Serum specific IgE to PPIs cannot be assayed by ELISA or radioallergosorbet
tests [13, 81].

It has been proposed that basophil activation test (BAT) might help
in the diagnosis of IgE-mediated allergic reactions to PPIs in two case
reports [77, 82].
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Patch tests have been performed by using different drug concentration (from
0.1 to 50 %) and vehicles (petrolatum, saline and, in one case report, alcohol),
and nonirritant reactions were reported in healthy controls by all authors [9, 11,
48, 62–65, 86, 87].

In a case report of DRESS following treatment with esomeprazole, a mild
flare-up of skin symptoms appeared 60 h after patch test, which lasted for 4 days,
and suggest to be careful in testing patients with severe delayed reactions [9].

A suggestive clinical history and the temporal relationship is critical in the
diagnosis of HSRs to PPIs, in fact, IgE-mediated HSRs may appear also later
than 1 h from the drug exposure. Skin tests (ST and ID) are safe and highly
specific for the diagnosis of IgE-mediated HSRs and should be always per-
formed; OPTs should be performed under close medical control in case of skin
test negative results.

In the case of possible cell-mediated HSRs, a delayed reading of IDs, at least
after 24 and 48 h, and patch test should be performed [67].

Studies on diagnostic accuracy of skin test and patch test on the diagnosis of
cell-mediated HSRs to PPIs are still missing.

Treatment options
Desensitization treatment

There is a single case report describing a successful oral desensitization treatment
in a 44-year-oldmanwith recurrent anaphylaxis after omeprazole exposure [83].

Intradermal tests performed with omeprazole and pantoprazole were pos-
itive. Because the treatment with a PPI was mandatory for the patient, an oral
desensitization treatment was performed.

Granules of omeprazole capsules were dissolved in bicarbonate to create
serial tenfold dilutions (the lowest was 0.002 mg/ml).

The treatment was started with 0.001 mg and in 18 escalating doses, admin-
istered every 20 min, the final dose of 32.665 mg was reached in 5.6 h. After-
ward, patient could continue the treatment with omeprazole 20 mg twice daily.

IDs with omeprazole and pantoprazole repeated after the treatment resulted
to be reduced.

Cross-reactivity among PPIs
Since the first studies on immediate HSRs published in 1999, the possible cross-
reactivity among PPIs has been described and confirmed by skin test
results. Only 11 authors have performed a complete evaluation of all PPIs for
studying cross-reactivity [45, 46, 49, 52–54, 74, 76–79].

According to the published articles, it is possible to identify four different
patterns of cross-reactivity among PPIs:

& Whole group hypersensitivity: patients with allergy to all PPIs [49, 52,
54, 77].

& Pattern A: patients with allergy to omeprazole, esomeprazole and
pantoprazole but tolerating lansoprazole and rabeprazole [45, 47, 48,
82].

& Pattern B: patients with allergy to lansoprazole and rabeprazole but
tolerating omeprazole, esomeprazole, and pantoprazole [45, 74, 75].
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& Pattern C: patients with selective sensitization to a single PPI and who
tolerate other PPIs [53, 76, 77, 79, 84].

These patterns could be explained by the chemical structure of PPIs that are
modified benzimidazoles with a pyridine ring that differs in substitutions on
both rings, as suggested by some authors [54, 47, 75].

Omeprazole, esomeprazole, and pantoprazole have changes in their benz-
imidazole rings, whereas lansoprazole and rabeprazole have their modification
in the pyridine ring. Isolated cases of concomitant sensitization to theoretically
non cross-reacting PPIs have been described [43••, 47], and this was also
observed in one large study where the most common pattern of cross-reactivity
was between lansoprazole and pantoprazole [46].

A possible cross-reactivity between PPIs and other benzimidazoles deriva-
tives (mebendazole, domperidone, andmizolastine) have been postulated, but
the only two studies performed so far have excluded this possibility bymeans of
skin tests and OPTs [48, 85].

Considering the good accuracy of skin test, mainly in immediate-type HSRs,
a complete evaluation of all PPIs is a useful tool to identify possible safe
alternatives in patients that need therapy with a PPI. In case of negative skin
tests, an OPT is mandatory.
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