
331Immunotherapy (2016) 8(3), 331–349 ISSN 1750-743X10.2217/imt.15.121 © 2016 Future Medicine Ltd

Immunotherapy

Review 2016/02/28
8

3

2016

To modify the course of allergy, different types of specific allergen immunotherapy have 
been developed such as sublingual immunotherapy and subcutaneous immunotherapy 
with native allergens or subcutaneous immunotherapy with polymerized allergoids. 
However, the optimal specific immunotherapy, especially for cat allergy, remains 
undetermined. Few studies investigating immunotherapy in cat allergy have been 
published, and the risk of serious adverse reactions and systemic reactions has often 
been an important issue. Monomeric allergoids have lower allergenic potential while 
their immunogenicity remains constant, resulting in excellent safety with notable 
efficacy. Specific immunotherapy with monomeric allergoids could, therefore, be of 
high value, especially in cat allergy as well as other types of allergy, and bring relief to 
a great community of patients.
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Background of cat allergy
Sensitization to the major cat allergen Fel d 
1 is one of the most frequent causes of per-
sistent allergy. The prevalence of cat sen-
sitization ranges up to 15% in some areas 
of northern Europe  [1] and in many cases 
requires a multimodal therapeutic approach. 
Besides specific allergen immunotherapy 
(AIT), symptomatic treatment and avoid-
ance of the allergen are recommended  [2]. 
However, it is not always possible for patients 
to control cat allergy symptoms by removing 
the animal from the home and/or undergo-
ing symptomatic therapy. This is due to the 
fact that Fel d 1 particles are present at levels 
above the sensitization and asthma symptom 
thresholds (>1 and >8 μg/g) even in homes 
that do not have indoor cats [3]. Wood et al. 
demonstrated that the removal of cats from 
homes did not necessarily coincide with the 
prompt reduction of cat allergen; on the con-
trary, high allergen levels persisted for at least 

another 5 months [4]. Custovic et al. showed 
that even though larger allergen particles 
of Fel d 1 were reduced for the most part 
2 days after cat removal, smaller particles still 
remained after 14 days at 33% of baseline 
levels [5].

Interestingly, the prevalence of cat allergy 
in patients who had never kept cats in their 
homes before was 34%, as reported by 
Ichikawa  et al.  [6]. On these grounds, it 
is essential to raise more awareness about 
specific AIT in cat allergy.

Worth particular mention is that cat allergy 
receives much interest among researchers 
and physicians. However, not many stud-
ies providing insight into cat allergy exist, 
and the ones that can be found are mostly 
out-of-date. There is not enough practical 
information on the treatment and line of 
action, which appears contradictory since 
many people suffer from this immunological  
disorder.
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Conventional methods of allergen 
immunotherapy
Sublingual immunotherapy (SLIT) with native aller-
gens has been described to show clinical effects simi-
lar to those of subcutaneous immunotherapy (SCIT) 
[7–9]. No statistical differences between the SLIT- 
and SCIT-treated patients with respect to symptom 
and medication scores were found in a previous  
study [10].

The predominant benefit of noninvasive SLIT, 
however, is its better safety profile, which improves 
patients’ acceptance and permits home administration, 
with no fatal events ever being reported unlike SCIT 
and with a lower risk of anaphylaxis [11]. Saporta et al. 
have even recommended that SLIT be regarded as 
first-choice therapy in asthmatic and young patients, 
considering that SCIT can be a risky choice. In their 
study, all the efficacy end points improved equally 
and significantly in both the SCIT and SLIT groups. 
But, because SLIT is reported to be safer, it should be 
favored over SCIT [12].

Despite the absence of fatal adverse events in SLIT 
with native allergens, many local and systemic reac-
tions resulting in discomfort and therapy discon-
tinuation have still been described [13–16]. In order to 
guarantee improved safety and greater convenience, 
modified allergens, such as allergoids, were brought 
into focus. Specific AIT with an allergoid could 
relieve allergic patients of their symptoms without 
involving a high risk of serious adverse reactions and 
fatalities.

Polymerized allergoids from the conventional 
perspective: efficient & safe at the same time?
There is a strong need to minimize the risk of fatalities 
and serious adverse reactions in AIT, especially from 
the patients’ perspective. In order to meet this need, 
allergoids have been developed with the goal of mak-
ing a substantial turn in AIT. An allergoid is defined 
as a chemically modified and potentiated allergen mol-
ecule. Through polymerization with glutaraldehyde or 
formaldehyde, a larger molecule is created to obtain 
better immunogenicity features and to strain out the 
allergenicity fractions of the allergen [17,18].

A biochemical trial by Ibarrola  et al. reported that 
polymerized allergoids exhibited an almost 100% lower 
IgE-binding potency than that of native allergens, 
while immunogenicity capacities were comparable for 
both AIT types [19].

Polymerized allergoids are currently used in long-
term SCIT as well as short-term SCIT of a depot 
nature. Due to its large molecules, the allergoid dis-
solves more slowly, thereby maintaining its immuno-
genicity for a long period of time [20,21] (a summary of 
polymerized allergoids is provided in Table 1).

Evidence of efficacy
Many studies investigating polymerized allergoids sug-
gest the strong positive impact of this AIT’s efficacy [22–
24]. Gallego et al. reported that AIT with depigmented 
glutaraldehyde-modified allergens was very effective in 
treating allergies. After 1 year of therapy, a highly sig-
nificant improvement of the total symptom score was 
achieved [25].

In one of the most recent studies, Roger et al. dem-
onstrated that glutaraldehyde-modified allergoids for 
mite allergy significantly decreased nasal sensitivity 
and also significantly improved the symptom score [26].

Two studies have addressed the excellent efficacy 
with allergoids in children, reporting significant 
improvement of symptom and medication scores. 
These two studies have shown that this type of AIT 
is not only effective in adults, but also in younger 
patients [27,28].

Polymerized allergoids are very promising with 
respect to the improvement of clinical symptoms. 
However, there is still a downside to this form of ther-
apy that is reflected in the safety aspect of polymerized 
allergoid immunotherapy.

Safety of polymerized allergoids – is it a further 
improvement compared with conventional SLIT 
or SCIT?
Despite the noteworthy efficacy results in almost all 
the studies considered in this review, the safety aspect 
needs to be viewed critically. In general, adverse reac-
tions relating to the use of polymerized allergoids are 
not rare. A moderate number of patients often expe-

Table 1. Polymerized allergoids: registered trade names and types of chemical modification.

Chemical modification Polymerized allergoid examples

Formaldehyde and Al(OH)3  Allergovit, Acaroid

Glutaraldehyde and tyrosine Pollinex-R (Tyrosine-adsorbate) 

Glutaraldehyde and tyrosine and monophosphoryl 
lipid A (MPL)

Pollinex Quattro

Glutaraldehyde and Al(OH)3 Purethal, Depigoid (depigmented allergoid)
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rience local and systemic reactions  [29,30]. Similar to 
these studies, an early study by Drachenberg  et al. 
showed that the majority of actively treated patients 
experienced a local reaction, and many experienced a 
systemic reaction [31]. In a more recent study, Rieker-
Schwienbacher et al. reported that out of 48 patients, 
23 patients had at least one local reaction, and 16 
patients experienced at least one systemic adverse reac-
tion [32]. Although many of the adverse reactions were 
of mild origin, from the patients’ perspective, they 
could become a burden over time. Worth mentioning 
is also the study by Patel  et al.: out of 135 patients 
treated with the tested allergoid, >90% of the patients 
experienced at least one adverse reaction. Two per-
cent were systemic reactions, and seven cases of the 
local adverse reactions were of severe intensity  [33]. 
The matter of safety in allergoids should be empha-
sized, because allergoids were actually intended to be 
superior to SCIT with native allergens. For the most 
part, adverse events under SCIT with allergoids are 
not severe, yet a few studies reported serious adverse 
reactions or systemic reactions of a severe nature. 
Severe adverse reactions such as anaphylaxis were 
documented in three studies, one reaction of which 
required adrenalin rescue therapy and another one 
required prednisone therapy  [28,34–35]. Besides the 
‘usual’ local and systemic reactions to SCIT with 
allergoids, especially the impact on pulmonary func-
tion is to be considered. In general, asthmatic adverse 
reactions, wheezing and urticaria were reported in 
several studies that investigated the safety aspect [36–
41]. This ultimately led to the termination of the study 
for one of the patients due to an asthma attack follow-
ing SCIT with an allergoid  [42] (more detailed safety 
results from allergoid studies are presented in Table 2).

Therefore, it should be carefully considered 
whether polymerized allergoids offer a distinct advan-
tage over conventional SCIT or SLIT. A medication 
intended to target allergic diseases but which itself 
commonly causes allergic complaints such as asthma, 
rhinitis, wheezing or urticaria would be counterpro-
ductive. Still, the injection route is obligatory and 
unavoidable when polymerized allergoids are applied. 
Thus, it is invasive, often painful and time-demand-
ing for the patients  [32]. Moreover, a large compara-
tive study demonstrated that medication persistence 
under native SLIT was significantly higher than 
under native SCIT or allergoid SCIT, whereas no dif-
ferences between the SCIT groups were observed [43]. 
These critical aspects surrounding polymerized aller-
goids can be seen as an appeal to find a new AIT 
mediator uniting all desirable features: a safe aller-
gen that offers high immunogenicity potential and an 
easy route of application.

Mechanism of action of carbamylated 
monomeric allergoids & the benefits of 
monomeric allergoid SLIT over other AIT types
To ensure an even better safety profile than con-
ventional SLIT, conventional SCIT or SCIT with 
polymerized allergoids, SLIT with monomeric aller-
goids may be a superior alternative. Pharmacokinetic 
studies with radiolabeled extracts speak in favor of a 
monomeric allergoid, which shows a higher plasma 
peak than the native allergen. In a study conducted 
by Bagnasco  et al., the native allergen and the aller-
goid were radiolabeled with 123-Iodine to enable their 
measurements in blood plasma. The peak plasma 
concentration of the allergoid was significantly higher 
than that of the native allergen  [44]. A monomeric 
allergoid possesses the same immunogenicity features 
but less allergenic potential: the IgE-binding sites are 
inactivated through carbamylation of the lysine group. 
Consequently, fewer therapy-related adverse events 
occur. All these characteristics are attained by selective 
chemical modification, thereby engineering a smaller 
molecule (12–40 kDa) than that of conventional 
types of allergoids (e.g.,  through polymerization of 
the native allergen molecule). Hence, proper absorp-
tion of the monomeric allergoid into the oral mucosa 
is maintained. Thus, monomeric allergoid tablets are 
optimal for convenient sublingual intake in contrast 
to conventional allergoids, which always have to be 
administered subcutaneously [11,45]. The dose in which 
allergoid SLIT is administered is measured in allergic 
units (AU): the biological unit of SLIT with mono-
meric allergoids is defined as the unit that is equiva-
lent to a fortieth of the mean provocative dose of the 
native allergen, according to the Summary of Product 
Characteristics.

An introduction to the trials addressing the main 
advantages of monomeric allergoids
Looking at the subject of monomeric allergoids in its 
entirety, not enough studies have been published so far, 
unlike studies concerning SLIT with native allergens. 
Yet, the advantages of SLIT with monomeric allergoids 
have been described in many studies since this agent 
for hyposensitization was launched.

In a randomized controlled trial, Ariano et al. clini-
cally proved the reduced IgE-binding capacity through 
skin tests and specific IgE testing besides other 
improvements in symptom scores, medication scores 
and nasal provocation tests in the allergoid (from 
Arizona cypress pollen) group [46].

Another early randomized controlled trial of a 
monomeric allergoid for house dust mite allergy 
reported lower symptom scores in the active treatment 
group than in the placebo group. Also, merely one 
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local adverse event (oral itching) that remained only 
for a few minutes after tablet intake was observed in 
the active group [47].

Several other studies have verified that SLIT with 
monomeric allergoid tablets shows significant improve-

ment of clinical efficacy and safety in patients allergic to 
grass pollen, birch pollen and house dust mites. These 
improvements, along with the advantageous immu-
nological changes, minimize the risk of side effects 
and fatalities, notably all with the absolute absence of 

Table 2. Safety of allergoid subcutaneous immunotherapy: listing of studies addressing the safety aspect.

Study (year) Polymerized allergoid type 
modification

Safety and tolerability results Ref.

Klimek et al. (1999) Formaldehyde + Al(OH)3 79% local reactions; 12% systemic reactions (including 
rhinitis and asthma development)

[36]

Negro et al. (1999) Glutaraldehyde + tyrosine 15.5% local reactions in 404 total injections; one patient 
had asthma attack

[42]

Drachenberg et al. 
(2001)

Glutaraldehyde + tyrosine 65 of the 81 patients had at least one local reaction; 14 had 
at least one systemic AE

[31]

Gietkiewicz et al. 
(2001)

Glutaraldehyde + tyrosine + 
monophosphoryl lipid A (MPL)

‘Few’ local reactions; 1 systemic reaction out of 27 patients [23]

Drachenberg et al. 
(2003)

Glutaraldehyde + tyrosine 4.36% AEs; six severe systemic reactions, of which one was 
an anaphylactic reaction (prednisone required)

[34]

Drachenberg et al. 
(2003)†

Glutaraldehyde + tyrosine 25.9% local reactions, 2.2% systemic reactions [27]

Hansen et al. (2003) Glutaraldehyde + Al(OH)3 15.2% local reactions; 4.3% systemic reactions [39]

Corrigan et al. (2005) Formaldehyde + Al(OH)3 19.5% local reactions; 6.5% systemic reactions [37]

Dokic et al. (2005) Formaldehyde + Al(OH)3 4.6% local reactions, no systemic reactions [22]

Keskin et al. (2006)† Formaldehyde + Al(OH)3 ‘Generally’ local reactions; however, one patient had 
anaphylaxis with adrenalin rescue, one had urticaria, one 
had rhinoconjunctivitis

[28]

Bussmann et al., pilot 
(2007)

Glutaraldehyde + Al(OH)3 Two adverse reactions including eczema and asthma [38]

Williams et al. (2007) Formaldehyde + Al(OH)3 5.5% local reactions; 5 of 61 patients (82%) had systemic 
AEs including urticaria, wheezing and itching of eyes

[40]

Gallego et al. (2010) Glutaraldehyde + Al(OH)3 Two local reactions in 27 patients (7.4%) [25]

Riechelmann et al. 
(2010)

Glutaraldehyde + Al(OH)3 20 of 66 patients had at least one local reaction; 6 of 
66 patients had at least one systemic reaction, one patient 
developed rhinitis

[29]

Rosewich et al. (2010) Glutaraldehyde + tyrosine + 
monophosphoryl lipid A (MPL)

30% local reaction with two patients with local urticaria, 
one patient had anaphylaxis + asthma + urticarial 
(prednisone required)

[35]

Gokmen et al. (2012) Formaldehyde + Al(OH)3 Two systemic reactions: one had generalized urticaria 
+ coughing + dyspnea, the other one only generalized 
urticaria

[41]

Pfaar et al. (2013) Glutaraldehyde + Al(OH)3 81 out of 144 patients had a local reaction; 14 were 
systemic reactions

[30]

Rieker-
Schwienbacher et al. 
(2013)

Glutaraldehyde + Al(OH)3 12% local reaction and 7% systemic AE in 440 injections, 
meaning 59% of patients had local AEs and 41% of the 
patients had systemic AEs

[32]

Patel et al. (2014) Glutaraldehyde + tyrosine + 
monophosphoryl lipid A (MPL)

More than 90% had at least one adverse reaction; >2% 
had a systemic reaction; of the local reactions, seven were 
severe

[33]

†Study with pediatric patients.
Severe adverse reactions are written in bold to highlight the risk of allergoid SCIT to develop severe adverse reactions.
AE: Adverse event; SCIT: Subcutaneous immunotherapy.
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severe adverse reactions [48–55]. A recent dose-response 
study demonstrated the safety of the tested monomeric 
allergoid, even at doses of 3000 AU over the course of 
1 year. In this trial, no serious adverse reactions were 
observed; only two patients had mild itchiness of the 
sublingual mucosa, and no dropouts were reported [56].

In a randomized controlled trial conducted by La 
Grutta  et al., a monomeric allergoid for house dust 
mite allergy was compared with pharmacotherapy. 
A significant advantage of the allergoid over phar-
macotherapy was observed, with greater reduction of 
the symptom score and of medication usage in the 
allergoid group [57].

In another comparative study, the visual analog 
scale results were significantly better in the two aller-
goid SLIT groups. The reduction in rescue medica-
tion use was also significantly greater in the 3000 AU 
allergoid group than in the pharmacotherapy group. 
Furthermore, a significant decrease in bronchial reac-
tivity (measured in a methacholine bronchial provo-
cation test) was only observed in the allergoid SLIT 
groups [58].

Although monomeric allergoid tablets to treat cat 
allergy were introduced a long time ago, data exist 
almost only for pollen or house dust mite allergy. It is 
very important to mention this circumstance, because 
cat allergy can be highly critical due to the widespread 
presence of cat allergens, even in homes without cats. 
Thus, an observational study on the effectiveness and 
safety of cat monomeric allergoids opportunely pro-
vides notable results to add to the knowledge gained in 
the studies on cat allergy.

Monomeric allergoid SLIT in cat-allergic 
patients: a viable solution in future 
treatments?
Until now, it has been difficult to treat cat-allergic 
patients due to the risk of adverse reactions. How-
ever, SLIT with a monomeric allergoid may constitute 
a breakthrough. The Institute of Medical Statistics, 
Informatics and Epidemiology (IMSIE) conducted 
a retrospective, multicenter, observational survey of 
70 cat-allergic patients who had undergone SLIT with 
carbamylated monomeric allergoid tablets. The survey 
was conducted from September 2013 to March 2014 
and took into account a retrospective observation 
period from November 2006 to December 2013.

Patients who had been in therapy with monomeric 
allergoid tablets for at least 3 months were recruited 
anonymously from the physicians’ practice popula-
tions. All patient data, also based on patients’ records 
and information documentation, were collected 
anonymously from 21 practices across Germany. A 
questionnaire was designed to standardize the patient 

interviews that were performed by the investigators in 
their practices.

This observational survey was carried out to assess 
clinical effectiveness (disease severity improvement), 
safety and tolerability.

A current excerpt of results from an observational 
analysis showing improvement of clinical end 
points
Out of the 70 patients diagnosed with cat allergy 
(through specific IgE testing), only 13 (18.6%) 
were able to completely avoid contact with cats. The 
majority still had moderate to intense and sporadic 
to continuous exposure to cats. Among those who 
could not avoid the allergen, 29 (41.4%) patients had 
daily to continuous exposure. Sixteen (22.8%) out 
of 70  patients were allergic to other animal dander 
besides cat allergen.

All in all, significant clinical effectiveness, perceived 
as a shift of disease severity from one disease classifi-
cation to a lower one, could be observed in all three 
allergic complaint groups (rhinitis, conjunctivitis and 
asthma) throughout the treatment years.

In the first year, almost a third (29.1%) of the 55 
rhinitis patients were symptom-free. Of the 36 rhinitis 
patients who remained in therapy in the second year, 
52.8% had no symptoms. Of the ten remaining rhinitis 
patients in the third year, the majority (80%) no longer 
had symptoms.

With respect to conjunctivitis in the first year, 
35.6% of the 45 patients were symptom-free. In the 
second year, 55.2% of the remaining 29 conjunctivitis 
patients who were still in treatment had no symptoms, 
and 72.7% of 11 patients in the third year became 
symptom-free.

Of the 37 asthma patients in the first year, 35.1% 
patients became symptom-free. Of the 24 patients 
remaining in the second year, 58.3% had no asthma 
complaints. Finally, the majority (70%) of the ten 
remaining patients who were in the third year of 
treatment had no complaints.

More than half (54.3%) of the patients noticed 
the beginning of general symptom reduction during 
the first year, followed by symptom reduction onsets 
during initial therapy in 18.6% of patients. One indi-
vidual reported an onset of symptom reduction dur-
ing the second year, and five patients had not seen any 
responses (more details on clinical effectiveness are 
presented in Figures 1–3).

A subgroup analysis demonstrated the significant 
improvement of symptom severity classification in all 
three classified dosage regimens (regimen A: 2000 AU/
week, regimen B: 3000–6000 AU/week and regimen 
C: 7000 AU/week) throughout the therapy phase. 
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Regimen C was thereby significantly better than regi-
men A in the second year (p = 0.015). A strong statisti-
cal tendency toward significance (p = 0.051) was found 
in the second-year rhinitis patients for regimen C ver-
sus regimen B, here also in favor of regimen C. No 
statistical significance could be found among the rhini-
tis patients in the first year, conjunctivitis patients and 
asthma patients within these dosage regimen groups. 
An analysis for the third year is not meaningful due to 
the small number of patients.

Along with the excellent results on clinical effective-
ness, compliance was found to be considerable as well. 
Out of 70 patients, 84.3% took their medication regu-
larly, and 82.9% of the patients were always or mostly 
adherent with respect to check-ups and appointments, 
thereby showing considerable compliance.

Furthermore, a general decrease in medication 
usage was observed, with a significant reduction in the 
use of asthma medication (p < 0.05) and antiallergic 
medication (p ≤ 0.001) after allergoid immunotherapy.

The survey showed that not only was the treatment 
effective, but it also illustrated the treatment’s excellent 
safety: under therapy with carbamylated monomeric 
allergoid tablets, no cases of death, anaphylactic reac-
tions, epinephrine use, serious adverse events or sys-
temic adverse reactions were documented. Based on 
the World Allergy Organization (WAO) grading sys-
tem for SLIT [61], only 10% of the patients experienced 
one local reaction each.

Nearly all patients rated the tolerability as ‘excellent’ 
or ‘good’ throughout the whole treatment period.

Finally, 51 out of 70 (72.9%) individuals expressed 
great confidence and trust in the therapy with aller-
goid tablets. Fifty-two patients (74.3%) indicated that 
they were highly motivated to continue allergoid ther-
apy. Regarding practicality, out of 70 individuals, 48 
patients (68.5%) rated SLIT with monomeric allergoid 
tablets as ‘very practical’ or ‘practical’. None of these 
individuals indicated that it was ‘time-demanding’ or 
‘very time-demanding’.

The analysis with sublingual monomeric allergoid 
tablets presented here was not intended to be a ran-
domized controlled trial; thus, no control group was 
integrated. Also, it was not designed to make assump-
tions about the extent of efficacy of treatment with 
monomeric allergoid tablets. However, the analysis was 
meant to provide insight into how allergoid SLIT works 
within a practice routine environment. Furthermore, 
the transition of a majority of patients from persistent 
to intermittent allergic symptoms and from moderate/
severe to mild symptoms clearly marks a positive thera-
peutic effect, which is mirrored in the motivation rate, 
the numbers of satisfied patients and thus the therapeu-
tic success as a whole. On these grounds, this survey is 

scientifically credible and provides substantial real-life 
evidence, which can aid clinical decision-making at 
the present or in the future.

Role & importance of carbamylated 
monomeric allergoids
The surprising fact about monomeric allergoids, as 
gained from the current analysis, is that although a 
relevant number of patients with moderate-persistent 
asthma and a small number of patients with severe per-
sistent asthma prior to SLIT were included, no seri-
ous adverse reactions were reported. Most studies share 
the view that concomitant, poorly controlled asthma 
is a high-risk factor for serious adverse reactions dur-
ing SLIT  [62]: this patient population is at a specific 
risk of developing pronounced adverse events, such as 
anaphylactic reactions and/or acute asthma attacks in 
extreme cases. This correlation was demonstrated in 
two case reports  [63,64]. In another study, less severe 
adverse reactions such as wheezing were reported for 
asthmatic patients [65]. In our survey, however, none of 
these reactions occurred, demonstrating the very good 
safety profile of allergoid SLIT.

Immunotherapy with monomeric allergoids – 
no trade-off in terms of safety
First and foremost, it is necessary to emphasize that 
in all monomeric allergoid studies, no serious adverse 
events have ever occurred. Due to the advantageous 
characteristics of monomeric allergoids and their 
low-binding affinity to the IgE-binding site, local 
reactions of the mucosa have rarely been reported for 
tablets containing birch pollen or grass pollen aller-
goid [66,67]. In four other trials, monomeric allergoids 
were once more demonstrated to be particularly safe. 
In a dose-comparing study, extremely high doses of 
up to 14,000 AU per week did not cause any severe 
adverse reactions. Only low-grade local and systemic 
reactions occurred  [68]. In a very recent comparative 
dose-finding study (comparing weekly maintenance 
doses of 2100, 7000, 14,000 and 21,000 AU), sig-
nificant results were observed for efficacy and safety. 
Importantly, enormous cumulative doses of up to 
21,000 AU/week resulted in only very few local and 
systemic adverse reactions. There were no fatalities, 
no serious adverse reactions and no need for epineph-
rine. Moreover, more patients in the 14,000 AU group 
than in the groups taking the lower doses experienced 
improvements during conjunctival provocation. This 
observation denotes the excellent safety and toler-
ability of monomeric allergoid tablets, even at an 
uncommonly high maintenance dose [69].

Gammeri  et al. performed ultra-rush allergoid 
therapy with pediatric and adult patients. Only one 
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out of 105 (0.9%) patients experienced a local adverse 
reaction. This study demonstrated the excellent safety 
profile of monomeric allergoid even applied as an ultra-
fast up-dosing regimen [70]. In another study, only two 
adverse reactions and no other complications were 
assessed during a shortened build-up induction phase. 
Once again, safety was maintained, and no adverse 
events were registered during maintenance therapy 
either [71].

This safety aspect was also confirmed in our cat-
allergoid survey with as little as 10% total incidence of 
only local adverse reactions. This rate stands in stark 
contrast to that observed for conventional native-aller-
gen SLIT (with almost 70% incidence of local reac-
tions in actively treated patients) [72] or to the 90% rate 
of adverse reactions reported in polymerized allergoid-
treated patients [33]. The results from our recent obser-
vational survey mark a parallel to the findings from 
another study: in a postmarketing surveillance study 
previously mentioned in this paper, Lombardi  et al. 
evaluated the safety of SLIT with monomeric allergoid 
tablets. Only 17 adverse events were reported in 198 
patients total; no events were severe or fatal [54].

Safety is, besides symptom improvement and reduc-
tion of rescue medication use, the main argument 
needed to maintain the patient’s trust throughout the 
whole therapy process. Only if safety is good, can com-
pliance be ensured as well. Thus, as mentioned earlier 
in this paper, it is not only important to attain a safe 
treatment option for adult patients, but for pediat-
ric patients even more so. Parents are often skeptical 
when it comes to medical treatments and do not want 
to compromise their children’s safety. However, these 
worries are unjustified with regard to allergoid SLIT: 
among 36 pediatric patients, all under 5 years of age, 
only two adverse reactions occurred over a treatment 
course of 1–3 years  [52]. This observation was con-
firmed in a subsequent trial: over 2 consecutive years, 
12-week preseasonal or coseasonal administration of 
a monomeric allergoid was shown to be safe with no 
adverse reactions reported [53].

Evidence of clinical efficacy & the carry-over 
effect of carbamylated monomeric allergoids
Another advantage of chemically modifying the respec-
tive allergen is the enhanced bioavailability, which in 
turn leads to improved clinical effects. Burastero et al. 
have proven that preseasonal and coseasonal SLIT 
regimens with birch monomeric allergoid tablets lead 
to greater efficacy. This trial reported that the symp-
tom score improved by 30% and the use of antiallergic 
medication decreased by 40%. For both end points, 
the improvements were significant when compared 
with the control group [73].

Very recently, Eichel et al. conducted a dose-finding 
trial with 154 patients who received one of four dif-
ferent weekly cumulative doses of birch pollen aller-
goid (2100, 4200, 7000 and 14,000 AU). Taking effi-
cacy and safety together, the group with the 7000 AU 
weekly cumulative dose had the best outcome, with a 
70% improvement in the conjunctival provocation test 
and the most favorable safety outcome [74].

In a real-life setting, the analysis of cat-allergic 
patients has proven that not only the disease severity 
classification made a significant shift toward improve-
ment, but also the medication score improved signifi-
cantly. Altogether, a significant reduction of antialler-
gic medication could be achieved. Not only was the 
total number of intakes lower, but also the frequency 
of medication intake decreased. These results are sup-
ported by another study that showed significant reduc-
tions in medication use and allergic symptoms: in a 
placebo-controlled, randomized trial with grass pol-
len allergoid tablets, the symptom–medication score 
in the actively treated group was significantly lower 

Figure 1. Rhinitis severity classification improvement. 
The improvement of disease severity and hence the 
shift from one disease severity classification to another 
was one of the primary end points. Rhinitis severity 
was classified according to the ARIA document as 
mild, moderate or severe, and as intermittent or 
persistent [59]. For rhinitis, ‘no complaints’ is defined 
as 0, ‘intermittent mild’ as 1, ‘intermittent moderate/
severe’ as 2, ‘persistent mild’ as 3 and ‘persistent 
moderate/severe’ as 4. Significant improvement of 
clinical effects: shifting of rhinitis severity classification 
(according to the ARIA document) from a mean of 
2.93–1.22 (p < 0.001) from baseline to first year, to 
0.72 (p < 0.001) from baseline to second year, to 0.3 
(p < 0.005) from baseline to third year. Although the 
p-values seem to increase in the third year of therapy, 
it is important to note that the number of patients 
remaining in the third year decreased, thus resulting in 
rising p-values. Nevertheless, all p-values are significant. 
ARIA: Allergic rhinitis and its impact on asthma
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than in the placebo group. Beyond that, all the chil-
dren who underwent allergoid therapy experienced no 
adverse reactions at all  [75]. Not only could the gen-
eral decrease in the symptom or medication score be 
validated in several allergoid studies, but also skin test 
reactivity and nasal reactivity decreased during active 
testing [28,76]. Significantly, greater reduction of global 
symptom scores and skin test reactivity in the active 
treatment group (compared with pharmacotherapy) 
could also be demonstrated: compared with the phar-
macotherapy group, there was only a nearly significant 
decrease in drug consumption in the allergoid group, 
but overall, the allergoid group showed better results in 
general and an excellent safety outcome [77].

Furthermore, another comparative study investi-
gated the efficacy of preseasonal and coseasonal aller-
goid SLIT in contrast to pharmacotherapy. An eleva-
tion in the visual analog scale results was observed in 
both allergoid SLIT groups, but significant improve-

ment could only be found in the coseasonal treatment 
group. With respect to rescue medication intake, sig-
nificant improvement was recorded in the coseasonal 
allergoid group as well [78].

Through clinical studies, the efficacy of monomeric 
allergoid in comparison to placebo or pharmacother-
apy could be evaluated for different therapy regimens 
and doses. However, what is even more interesting is 
the long-term potency of monomeric allergoids. Mar-
ogna et al. demonstrated in a long-term trial that under 
monomeric allergoid immunotherapy, major com-
plaints such as allergic rhinitis and asthma decreased 
significantly among the SLIT allergoid patients when 
compared with the control group [79]. A few years later, 
Marogna et al. conducted another long-term study in 
which observations were made for up to 7–8 years after 
a 4-year monomeric allergoid immunotherapy had 
been completed. The goal was to evaluate the posi-
tive carryover and preventive effects of the monomeric 
allergoid sublingual immunotherapy within different 
therapy duration groups. The study demonstrated 
that patients who were treated the longest (4 years 
of allergoid SLIT) experienced the longest carryover 
effects until 8 years after the allergoid immunother-
apy had ended. For all allergoid SLIT groups, signifi-
cant clinical symptom reduction could be observed at 
least until the fourth to fifth year after completion of 
treatment [80].

The findings in these trials point out the potential 
of monomeric allergoids for modifying the course of 
many kinds of allergy. In these cases, monomeric aller-
goids have been proven to be a good choice to imme-
diately treat allergic symptoms, to provide long-term 
treatment, to prevent the recurrence of allergies and 
also to work as a preventive agent.

Highlights of studies involving monomeric 
allergoid-specific immunotherapy
The major highlight is that treatment with carba-
mylated monomeric allergoids is safe and effective.

No fatalities and no serious adverse reactions have 
ever occurred during any of the studies that have been 
conducted by various researchers. Therapy-related 
adverse reactions were sporadically systemic and local, 
mostly of mild or local nature, even at maximum 
weekly cumulative doses of up to 21,000 AU. Even at 
this dose, monomeric allergoids have been proven to 
be safe. In very few trials, however, more adverse reac-
tions occurred, although mostly of mild severity. This 
observation is most probably related to the fact that 
maintenance doses in these studies reached as high as 
14,000 and 21,000 AU. However, these findings still 
certify the excellent safety of monomeric allergoids 
when compared with SCIT or SLIT with native aller-

Figure 2. Conjunctivitis severity classification 
improvement. The improvement of disease severity 
and hence the shift from one disease severity 
classification to another was one of the primary end 
points. Conjunctivitis severity was classified according 
to the ARIA document as mild, moderate or severe, 
and as intermittent or persistent [59]. For conjunctivitis, 
‘no complaints’ is defined as 0, ‘intermittent mild’ 
as 1, ‘intermittent moderate/severe’ as 2, ‘persistent 
mild’ as 3 and ‘persistent moderate/severe’ as 4. 
Significant improvement of clinical effects: shifting of 
conjunctivitis severity classification (according to the 
ARIA document) from a mean of 2.77–0.98 (p < 0.001) 
from baseline to first year, to 0.63 (p < 0.001) from 
baseline to second year, to 0.4 (p < 0.005) from baseline 
to third year. Elevation of p-value due to a decrease 
of patient numbers in the third year. Although the 
p-values seem to increase in the third year of therapy, 
it is important to note that the number of patients 
remaining in the third year decreased, thus resulting 
in rising p-values. Nevertheless, all p-values are 
significant.

Therapy years

Im
p

ro
ve

m
en

t 
o

f 
sy

m
p

to
m

 c
la

ss
if

ic
at

io
n

Year 1 Year 2Before therapy Year 3
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

p < 0.001
p < 0.001

p < 0.005

SD ± 1.108
2.77

SD ± 1.035
0.98 SD ± 0.926

0.63 SD ± 0.699
0.40



www.futuremedicine.com 339future science group

A review of allergoid immunotherapy: is cat allergy a suitable target?    Review

gens, or SCIT with polymerized allergoids. Supporting 
the safety aspect of monomeric allergoids, the trial by 
Lombardi et al. [54] reported only 17 adverse reactions 
in 198 patients. With respect to monomeric allergoids, 
not only were there fewer adverse reactions, but their 
intensity was weaker. It is noteworthy that not only 
do adults tolerate the different therapy regimens well, 
but also children and very young infants are not at risk 
when receiving allergoid SLIT.

The aspects of compliance and adherence have been 
slightly overlooked in these previous studies. Good 
compliance leads to therapy persistence and thus to 
therapy success. The issue of compliance with SLIT has 
already been pointed out in a paper emphasizing that 
only 7% of the patients treated with SLIT reached the 
minimal treatment duration time of 3 years, although 
SCIT adherence was not clearly higher  [81]. This 
aspect needs to be investigated much more extensively 
in future allergoid studies and should be given more 
attention among prescribing physicians. More focus 
should be put on patient education and patient moni-
toring in order to reduce patients’ anxiousness and thus 
to obtain better compliance results in allergoid SLIT.

Monomeric allergoids are relatively new in the field 
of sublingual-specific AIT; however, more randomized 
controlled trials and observational studies are needed 
to emphasize the strength and clinical benefits of 
monomeric allergoids. One of the main points worth 
exploring in the future should also be the long-term 
impact of allergoid SLIT, especially in larger patient 
collectives. It would also be interesting to analyze clini-
cal end points of allergoid SLIT and compare them to 
conventional SLIT or SCIT in terms of efficacy. The 
superiority of monomeric allergoids to pharmacother-
apy or placebo has already been highlighted in many 
studies [46–51,53,55,57–58,66–67,69,75,77–80]. What is needed 
is proof that allergoids are able to scientifically and 
medically replace conventional SLIT or SCIT in order 
to enable a safer, and hence, improved method for the 
patient’s state of health and quality of life.

Last but not least, most of the trials focused on 
mites, grass pollen and birch pollen allergic patients. 
Only one trial  [71] included one cat-allergic patient. 
This matter is critical since cat allergy is very com-
mon but often remains unnoticed. Hence, our analysis 
serves to fill the gap in this list of trials.

A collective listing of the trials and studies included 
in this review is found in Tables 3–5.

The issue with cat allergy studies
A further aspect that needs to be considered is whether 
specific AIT for cat allergy is effective in general.

So far, no observational study is available that evalu-
ates the clinical effects, safety and tolerability of aller-

goid SLIT exclusively in cat-allergic patients except the 
analysis with 70 cat-allergic patients.

However, several studies are available on SLIT 
with standardized native cat allergen extracts or syn-
thetic peptides that provide evidence of its effective-
ness. Sánchez Palacios  et al. reported clinical effects 
and overall good tolerability in 20 patients who had 
received SLIT with natural cat dander extracts for 
1 year [82]. In a randomized, placebo-controlled trial, 
Alvarez-Cuesta  et al. reported a significant symp-
tom reduction of 62% during the natural exposure 
challenge test and significant improvement of the 
peak expiratory flow in the actively treated group 
when compared with the placebo group, in which no 
changes occurred  [83]. Addressing the need to cure 
cat allergy, several studies on synthetic cat peptide 
antigen have been conducted in recent years to dem-
onstrate the clinical effects with this new method of 
hyposensitization  [84]. Hafner et al. proved that syn-
thetic cat peptides were significantly more effective 
than placebo [85].

Figure 3. Asthma severity classification improvement. 
The improvement of disease severity and hence the 
shift from one disease severity classification to another 
was one of the primary end points. Asthma severity 
was rated according to the GINA guidelines [60]. For 
asthmatic patients, classification is labeled as 0 for ‘no 
complaints’, 1 for ‘intermittent’, 2 for ‘mild persistent’, 
3 for ‘moderate persistent’ and 4 for ‘severe persistent’. 
Significant improvement of clinical effects: shifting of 
asthma severity classification (according to the GINA 
guidelines) from a mean of 2.37–1.00 (p < 0.001) from 
baseline to first year, to 0.58 (p <0.001) from baseline 
to second year, to 0.3 (p < 0.005) from baseline to third 
year. Elevation of p-value due to a decrease of patient 
numbers in the third year. Although the p-values seem 
to increase in the third year of therapy, it is important 
to note that the number of patients remaining in the 
third year decreased, thus resulting in rising p-values. 
Nevertheless, all p-values are significant.  
GINA: Global Initiative for Asthma.
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As a result, our retrospective survey on SLIT with a 
monomeric allergoid for cat-allergic patients may sup-
port the clinical evidence on efficacy gained in these 
previous studies. Taking into account the often pro-
nounced impact that cat allergy can have on a patient’s 
quality of life and general well-being  [86,87] as well as 
the potential of serious adverse reactions under treat-
ment with nonmodified allergen extracts in cat allergy 
and other allergy types  [88], SLIT with carbamylated 
monomeric allergoid tablets may be a viable alternative 
for the causal treatment of this chronic immunological 
disorder.

To specifically underline the risk factor of unmodi-
fied cat allergen extract for adverse events, a random-
ized placebo-controlled trial by Oppenheimer  et al. 

should be mentioned at this point. This study, besides 
mentioning other adverse reactions, reported systemic 
adverse reactions such as pulmonary edema, persistent 
asthma and urticaria in the cat allergen group  [89]. 
Even with synthetic cat allergen peptides, risks for 
serious and systemic adverse events exist. A placebo-
controlled study, besides describing other adverse 
reactions, reported that three patients had experi-
enced borderline serious adverse reactions and had 
undergone systemic epinephrine rescue therapy  [90]. 
Additionally, a very recent trial addressing significant 
improvements of long-term effects with synthetic pep-
tides reported systemic reactions such as bronchial 
spasm and a reduction of FEV

1
 (forced expiratory 

volume in 1 s) [91].

Table 4. Safety of monomeric allergoids: display of numbers of serious, systemic or local adverse 
reactions reported in studies with monomeric allergoids; the chronological order of the studies 
corresponds to the order in Table 3.

Number Number of serious adverse 
events in the treatment group

Number of systemic adverse 
events in the treatment group

Number of local adverse 
events in the treatment group

1 0 0 1

2 0 0 0

3 0 14 3

4 0 0 2

5 0 0 0

6 0 0 2

7 0 0 1

8 0 0 3

9 0 0 2

10  

11 0 0 2

12

13

14 0 0 0

15 0 0 0

16 0 0 2

17 0 0 4

18 0 0 6

19 0 0 1

20 0 0 0

21 0 0 2

22 0 0 2

23 0 0 2

24 0 22 1

25 0 0 9

26 0 44 20

27 0 6 8
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Last but not least, it is important to stress the fact 
that it is usually difficult for the owner to remove a 
beloved pet from the home, an issue that can possibly 

be avoided if the allergic household member undergoes 
allergoid SLIT. On that account, SLIT with carba-
mylated monomeric allergoid tablets often does not 

Table 5. Efficacy of monomeric allergoids: information on symptom improvement and decrease of medication use in 
monomeric allergoids; the chronological order of the studies corresponds to the order in Table 3.

Number Symptom improvement Medication improvement

1 Symptom score: p < 0.0002, 48.4%  

2 Symptom score: p < 0.05 p < 0.03, after 8 weeks

3

4 p < 0.001, 84% p < 0.001, 85.8%

5 p < 0.01 after 1 year p < 0.01 after 1 year; and significant improvement 
toward placebo (p < 0.001)

6

7

8 Symptom score: p < 0.027, after 1st year p < 0.036, after 1st year

9 After 2 years: p < 0.02 (NPT), p < 0.02 (conjunctivitis), p < 0.03 
(rhinorrhea), p < 0.03 (sneezing)

p < 0.02

10 p < 0.05 p < 0.05

11 VAS: 52.7% Mites: p < 0.001

    Pollen: p < 0.01

12 p < 0.01 p < 0.001

13 Symptom monthly score improvement in all four 
groups: p < 0.001, p < 0.027, p < 0.001 and p < 0.001

14 VAS: p < 0.05 for both active groups after 6 months p < 0.05 between 3 and 6 months for both groups

15 Symptom score: p = 0.05, VAS: p < 0.05 after 1st and 2nd year

16 p < 0.0001, 30% p < 0.0001, 40%

17 Symptom score: p < 0.0004, 52% VAS: p < 0.001, 45% Nearly significant reduction of drug consumption 
compared with control group, p < 0.059

18 p < 0.02 p < 0.02

19 Symptom score: p < 0.05 (1000 AU), p < 0.01 (2000 AU) and 
p < 0.001 (3000 AU)

p < 0.05 (1000 AU), p < 0.01 (2000 AU) and 
p < 0.001 (3000 AU)

20 VAS for both: p < 0.05; specific VAS improvement for 
5000 AU: p < 0.01

5000 AU regimen: p < 0.05

21 VAS in both groups: p < 0.05, symptom score for both 
groups: p < 0.05

p < 0.05 for both groups

22 Rhinitis: p < 0.05 (3000 AU) p < 0.05 for both groups

  VAS: p < 0.05 (1000 AU), p < 0.007 (3000 AU)  

23 p < 0.01 (87%) p < 0.001

24 NPT: in 100% of group 1, and in 93% of group 2

25 p < 0.0187, (statistical significance between 300 and 2000 AU 
regimens)

26 Symptom improvement in all groups in the conjunctival 
provocation test after 12 weeks: 78.9% (2100 AU), 86.8% 
(4200 AU), 71.8% (7000 AU) and 76.9% (14,000 AU)

27 p = 0.358, 76.0% (21,000 AU), p < 0.05, 88.5% (14,000 AU), 
p = 0.358, 76.0% (7000 AU) and p = 0.465, 73.9% (2100 AU)

AU: Allergic units; NPT: Nasal provocation test; VAS: Visual analog scale.
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demand compromises in safety. Instead, it could pro-
vide long-term advantages and be a very safe way to 
cure cat allergy.

Conclusion & future perspective
Very often clinicians are confronted with the ques-
tion as to which therapy is best for their patients. One 
thing that needs to be emphasized is that SLIT is safe 
and shows high tolerability rates, especially in real-life 
settings [92].

Since 2010, the WAO has officially recommended 
SLIT as an effective treatment form for allergic rhi-
nitis. More importantly, SLIT is recommended as a 
good alternative to SCIT based on its higher safety and 
adherence properties [93].

However, patients are the ones who will play an 
important role in choosing their therapy in the long 
run. From the psychological point of view, more and 
more patients will tend toward the method that is 
noninvasive, less time-consuming, more comfortable 
and safe. That realization inevitably turns our atten-
tion especially to allergoid SLIT. It is not only very safe 
with a much lower risk of fatalities; it also rarely causes 
systemic reactions in comparison to conventional 
SLIT.

The popularity of SCIT among prescribing physi-
cians will likely decrease, because it requires too much 
time and effort from the patient with regard to the long 
therapy duration (at least 3 years). This was shown in a 
study by Huang et al.: reasons for discontinuation were 
the complex treatment process, adverse reactions, the 
long distance from the hospital and having no time for 
the treatment [94]. Although the duration factor could 
be minimized through the possibility of short-term 
SCIT regimens  [95], the geographical inconvenience 
and the discomfort of invasive procedures remain the 
same. Nonetheless, SCIT is still prescribed more fre-
quently than SLIT, although the development of AIT 
in the last decade indicates that the SLIT proportion 
among the prescribed AIT types is growing. The per-
centage of SLIT users increased from 2006 to 2012 
from 8 to 29%. On the contrary, the trend for SCIT 
decreased from 87 to 67% during the same time  [96]. 
Because of the increase in the number of patients 
applying SLIT with native allergens, SLIT with an 
allergoid may also gain more acceptance and popular-
ity among patients and prescribing doctors in the com-
ing years, especially since it has far better safety and 
tolerability profiles. The use of a needle, serious adverse 
events, higher chances of systemic adverse reactions in 
SCIT and obligatory visits at the physician’s practice 
could signify a major drawback for this patient collec-
tive. This is precisely the reason why allergoid SLIT 
is highly attractive for these individuals. Due to the 

excellent safety and tolerability of monomeric aller-
goids, the trend could increase toward allergoid SLIT 
for the difficult-to-treat cat allergy or other allergies 
that have previously received less attention.

Although SLIT has gained comprehensive accep-
tance and shows widespread usage among European 
physicians, the situation for SLIT in the USA is still 
difficult: because of many pending US FDA approvals 
for SLIT medications; SCIT remains the predominant 
AIT treatment form. Additionally, the financial aspect 
of SLIT and the little experience among American cli-
nicians make it very difficult for SLIT to become more 
readily accepted  [97]. Hence, the FDA first approved 
SLIT in the USA in 2014  [98]. Based on some of the 
existing FDA approvals of conventional SLIT medica-
tions, allergoid SLIT – exhibiting excellent safety and 
biochemical advantages – is likely to experience a com-
paratively faster breakthrough into the American field 
of AIT than conventional SLIT. However, more stud-
ies, particularly randomized controlled trials and long-
term studies on allergoid SLIT, are needed in order to 
make this type of AIT more convincing, not only in 
Europe, but also in the USA and the rest of the world.

Based on the many notable results on efficacy and 
safety as well as a convenient user experience with 
allergoid SLIT, carbamylated monomeric allergoids 
could possibly become a main strategic pillar in the 
field of specific AIT.
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