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Background: The efficacy of subcutaneous immunotherapy 
for the treatment of allergic rhinitis, allergic conjunctivitis, 
allergic asthma and stinging insect hypersensitivity has been 
demonstrated in several studies. 
Objectives: To investigate the effectiveness and side effects 
of immunotherapy in Israel and the relationship between 
local and systemic side effects.
Methods: This retrospective study was based on patient re- 
cords and a computerized database for drug dispensing over 
a 5 year period. Success was rated as partial or complete. Side  
effects were classified as local or systemic. Systemic side effects  
were further classified according to severity, as mild (cutane- 
ous), moderate (respiratory symptoms), or severe (cardio- 
vascular).
Results: Of the 135 patients on aero-allergen immunotherapy 
who reached maintenance, 120 (88.9%) exhibited complete or 
partial improvement and 15 (11.1%) did not improve. All of the 
44 patients on hymenoptera immunotherapy reached effective 
maintenance doses. The mean percent side effects calculated 
per treatment (injection) were 2.49 for local and 1.58 for a 
systemic reaction during the build-up phase, and 1.13 and 1.12 
during the maintenance phase, respectively. Rates of systemic 
reactions were 1.3% for cutaneous, 1.14% for respiratory 
and 0.97% for cardiovascular reactions during the build-up 
phase, and 1.11%, 0.53%, and 0.51% during the maintenance 
phase, respectively. The odds of systemic reactions were 
significantly higher in patients with local reactions both in 
the build-up phase (P = 0.03) and in the maintenance phase 
(P = 0.0003). The number of annual medications dispensed 
per patient decreased from 31.5 to 26.0 during the first year 
after reaching maintenance, and to 22.5 in the second year. 
Pharmaceutical costs were 67% lower 1 year after the start of 
the maintenance phase, compared to the year before the start 
of immunotherapy, and 63% lower in the second year (P = NS).
Conclusions: Immunotherapy was effective and safe. Recog- 
nizing the benefits and safety of immunotherapy by physicians 
and health authorities is necessary to provide better care for 
allergic patients.
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S everal double-blind, placebo-controlled randomized clini-
cal trials have demonstrated the effectiveness of subcuta-

neous immunotherapy for the treatment of allergic rhinitis, 
allergic conjunctivitis, allergic asthma, and stinging insect 
hypersensitivity [1-6]. Based on immunotherapy practice 
parameters, allergen immunotherapy is considered for patients 
who present with sensitivities to clinically relevant allergens 
[1]. The decision to begin immunotherapy depends on factors 
such as patient preference and acceptability, expectations for 
adherence, medication requirements, response to avoidance 
measures, and adverse effects of medications. The efficacy of 
immunotherapy may vary around the world due to differences 
in climate, the nature of aero-allergens and their distribution. 
The risks of local and systemic side effects in both the build-up 
and maintenance phases remain key considerations in the deci-
sion to administer subcutaneous immunotherapy. 

The World Health Organization 1998 position paper on 
allergen immunotherapy stated that local reactions to immu-
notherapy are not predictive of systemic reactions [7]. Since 
then, retrospective studies have both supported [8,9] and 
challenged [10] this conclusion. In the present study we inves-
tigated the efficacy and safety of immunotherapy administered 
in northern Israel over a 5 year period.

PATIENTS AND METHODS

This was a retrospective cohort study covering 5 years of 
follow-up. We reviewed the medical records of all indi-
viduals insured by Clalit Health Services, the largest health 
management organization in Israel, who were treated with 
subcutaneous immunotherapy at HaEmek Medical Center 
and at allergy satellite clinics in northern Israel during the 5 
year period 2006–2011. All immunotherapy treatments, both 
aero-allergen and hymenoptera, were administered according 
to clinical guidelines using a standard schedule of 24 weeks. 
The actual schedule was modified according to side effects 
[1,11]. Our approach was immunization to clinically relevant 
allergens rather than to a single allergen [8]. Patients on aero-
allergen immunotherapy were maintained with appropriate 
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recommended doses of 1000–4000 bioequivalent allergy units 
or the recommended amount of allergen measured by weight/
volume [1]. 

Partial success of aero-allergen immunotherapy was defined 
as a meaningful reduction in symptoms and improved quality 
of life, as assessed by patients and physicians. Complete success 
was defined as a state in which no further allergic symptoms 
required treatment, according to patients’ medical records. For 
hymenoptera hypersensitivity, immunotherapy was defined 
as successful once a patient reached an effective therapeutic 
maintenance dose, namely 100 µg of honey bee, wasp, or yel-
low jacket protein. 

Side effects were classified as local or systemic. Local 
reactions were measured by a ruler after each injection and 
recorded in the patient’s records by the nurse. Reactions were 
classified as local when an injection was followed by red-
ness, swelling and pruritus at the site of the injection with a 
> 20 mm wheal formation. Systemic side effects were further 
classified by their severity according to a modification of the 
World Allergy Organization systemic reaction grading [13-
16]: mild for presentation in the skin (urticaria), moderate 
for respiratory symptoms (irritation sensation in the throat, 
cough, shortness of breath, wheezing, acute exacerbation of 
asthma), and severe for cardiovascular system symptoms. For a 
diagnosis of asthma, a previous diagnosis of asthma with proof 
of reversibility on pulmonary function tests and response to 
bronchodilators was acceptable. Side effects were recorded in 
the patient’s medical records at the time of their occurrence. 
For calculating frequency of systemic side effects according to 
severity, we considered the more severe presentation of each 
event. For example, if a patient suffered urticaria and shortness 
of breath, the systemic side event was considered moderate and 
not mild. To examine associations between local and systemic 
side effects we calculated the probability/odds ratio of sys-
temic side effects developing in patients who developed local 
side effects. We assessed side effect rates per patient and per 
treatment (injection) for both the build-up and maintenance 
phases. Since the effect of aero-allergen immunotherapy may 
continue to improve after reaching the maintenance phase, 
especially for seasonal allergy, we evaluated the success rates 1 
and 2 years after maintenance was reached. 

Use of medications

Data on the medications related to rhinitis and asthma treat-
ment were collected from the Clalit Health Service comput-
erized database for drug dispensing. Medications included 
oral first- and second-generation antihistamine alone or 
combined with pseudoephedrine, nasal corticosteroids, 
nasal and ocular antihistamines, bronchodilators, inhaled 
corticosteroids, and ICS1+LABA. The data were analyzed and 

ICS = inhaled corticosteroids

compared for three time periods: the year preceding initia-
tion of immunotherapy and during the first and second years 
after reaching maintenance doses.

Statistical analysis

Demographic and clinical patient characteristics were compared 
by the degree of treatment success using the Kruskal-Wallis test 
for continuous variables, and chi-square tests or Fisher exact 
tests for categorical data. Chi-square tests were also used to 
examine the dependence of side effects on type of allergy. The 
Wilcoxon two-sample test was used to analyze differences in 
type of allergy. Relations between the local and systemic side 
effects in the build-up and maintenance phases were analyzed 
using the chi-square test; odds ratio (95% confidence interval) 
was also presented. Since pharmaceutical costs did not follow 
normal distribution, the Wilcoxon signed rank test was per-
formed to assess a possible statistically significant reduction in 
medication purchases and costs between the 12 months preced-
ing immunotherapy and the first and second years after reaching 
maintenance dose. Statistical significance was set at P < 0.05. 
Statistical analysis was performed with the SAS 9.2 Software. 

This study was approved by the national Ethics Review Board 
of Clalit Health Services. The Ethics Review Board waived the 
need for informed consent because of the retrospective design 
of the study.

RESULTS

During the study period 232 patients received subcutaneous 
immunotherapy [Table 1]. The mean age of those receiving 
aero-allergen immunotherapy was 26.2 years (range 6–73) 
and 25.5 years (range 3–60) for those receiving hymenoptera 
immunotherapy. Males comprised 48.4% (88 patients) and 
74.0% (37 patients) of those receiving aero-allergen and hyme-
noptera immunotherapy respectively. A total of 179 patients 
reached maintenance doses: 135 of 182 patients (74.2%) on 
aero-allergen and 44 of 50 (88%) on hymenoptera immuno-
therapy. Of the patients who did not reach the maintenance 
phase, 28 were still in the build-up phase at the end of the study 
and 25 dropped out before reaching maintenance. Thirty-
seven patients dropped out during the maintenance phase. 

Table 1. Demographics of the study population (232 on immunotherapy)

Aero-allergen Hymenoptera Total

Gender
Male
Female
Total

88
94
182

37
13
50

125
107
232

Ethnicity
Jewish
Arab/Non Jewish

150
32

30
20

180
52

Mean age (yr) (range) 26.2 (6–73) 25.5 (3–60) 26.1 (6–73)
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were significantly more likely to have systemic side effects in 
the maintenance phase (P < 0.0001). Local side effects were 
significantly more common in patients who had such side 
effects in the build-up phase (P = 0.0063). There was no cor-
relation between the occurrence of local side effects during the 
build-up phase and systemic effects in the maintenance phase. 

The number of medications dispensed per patient per year 
decreased from 31.5 before immunotherapy to 26.0 (by 17.5%) 
during the first year after reaching maintenance, and to 22.5 (by 
28.6%) in the second year (P = NS). Similarly, pharmaceutical 
costs were 67% lower 1 year after the start of the maintenance 
phase, compared to the year before the start of immunotherapy, 
and 63% lower in the second year (P = NS) [Figure 1]. There 
was no statistically significant difference in pharmaceutical 
costs between the year before the start of immunotherapy and 
either the first or second year after reaching maintenance for 
any class of medication. 

DISCUSSION

This 5 year historical study demonstrated the efficacy and safety 
of subcutaneous aero-allergen and hymenoptera immuno-

The main reason for drop-out was inconvenience attending 
the clinic to receive treatment (80% during the build-up phase 
and 65% during the maintenance phase), followed by reloca-
tion, pregnancy, and other diseases. The mean time to reach 
maintenance was 261.57 ± 193.7 days (8.72 ± 6.46 months), 
median 203 days (6.77 months). The mean time that patients 
received aero-allergen immunotherapy was 5.54 ± 2.39 years 
(median 4.55) as compared to 5.57 ± 2.59 years (median 4.53) 
for hymenoptera immunotherapy.

Of the 135 patients on aero-allergen immunotherapy who 
reached maintenance, 120 (88.9%) exhibited complete or par-
tial improvement, and only 15 (11.1%) did not improve [Table 
2]. Of the 58 who completed 3 years of therapy, 55 (94.8%) 
reached complete or partial improvement. Complete resolu-
tion was reported in 86.1% of patients (31/36) treated for more 
than 5 years, compared to 60.5% (23/38) treated for 3–5 years 
(P = 0.0132, OR2 4.04, 95%CI3 1.2843–12.7303).

No correlation was found between success rate and age at 
the start of therapy, gender, or ethnic origin. Treatment success 
did not correlate with patients’ primary allergic conditions, i.e., 
allergic rhinitis with or without conjunctivitis, asthma, or any 
combination of these. None of the allergens used for immuno-
therapy exhibited any correlation with the success rate. 

The mean percentage of side effects calculated per treat-
ment (injection) was 2.4% for local and 1.58% for systemic 
reactions during the build-up phase, and 1.13% and 1.12% 
during the maintenance phase, respectively. For systemic reac-
tions the rates were 1.3% for cutaneous, 1.14% for respiratory 
and 0.97% during the build-up phase, and 1.11%, 0.53% and 
0.51% during the maintenance phase, respectively

Table 3 presents the association of local and systemic side 
effects during the build-up and maintenance phases. Patients 
with local side effects either in the build-up phase or mainte-
nance phase were significantly more likely to have systemic 
side effects during these phases (P = 0.03 and 0.0003, respec-
tively). Patients with systemic side effects in the build-up phase 

OR = odds ratio
CI = confidence interval

Table 3. Odds ratio for the development of side effects in the build-up and 
maintenance phases, with associations between local and systemic side effects

Effect investigated OR 95%CI P value

Build-up phase
Systemic side effects in patients with local side effects (n=232) 1.87 1.06–3.31 0.03

Maintenance phase
Systemic side effects in patients with local side effects (n=179) 3.40 1.71–6.74 0.0003

Mixed (build-up and maintenance phases)

Systemic side effects during the maintenance phase in patients 
with systemic side effects during the build-up phase on (n=179)

Local side effects during the maintenance phase in patients with 
local side effects during the build-up phase (n=179)

Systemic side effects during the maintenance phase in patients 
with local side effects during the build-up phase (n=179)

6.38

2.49

NS

3.17–12.81

1.28–4.84

< 0.0001

0.0063

0.18

Table 2. Outcome and success rate of immunotherapy 

Aero-allergen
n (%)

Hymenoptera
n (%)

Total
n (%)

Started 182 50 282

Completed build-up 135 44 179

Completely or partially 
improved 

120 (88.9) 44 (100) 164 (91.6)

Not improved 15 (11.1) 0 (0) 15 (8.4)

Partial success of aero-allergen immunotherapy was defined as a meaningful 
reduction in symptoms and improved quality of life, as assessed by patients 
and physicians. Complete success was defined as a state in which no further 
allergic symptoms required treatment, according to patients’ medical records. 
For hymenoptera hypersensitivity, immunotherapy was defined as successful 
once a patient reached an effective therapeutic maintenance dose of 100 µg 
honey bee, wasp, or yellow jacket protein 

Figure 1. Mean cost per patient per year for allergy and asthma 
medications in the year before start of immunotherapy, and during 
the 1st and 2nd year after reaching maintenance (currency in Israeli 
shekels (US$).
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considering health care costs for a population of patients with 
allergies. This finding concurs with those reported by a previ-
ous retrospective study [20]. Controlled clinical studies have 
shown that clinical symptoms and the quantity of medication 
required to control symptoms are valid measures of efficacy 
[1]. Furthermore, guidelines for allergen immunotherapy clini-
cal trials recommend that a combined symptom-medication 
score be used as a primary outcome measure [1,13].

The rates of systemic reactions observed in the current 
study were similar to those reported in the literature [21-25]. 
Nevertheless, the development of systemic and potentially 
life-threatening side effects among some patients, albeit few, 
supports recommendations that immunotherapy be adminis-
tered under the supervision of trained medical staff proficient 
in recognizing and treating anaphylactic reactions. 

This study demonstrated statistically significant associa-
tions between the appearance of local side effects and the later 
emergence of both local and systemic side effects. Local side 
effects may predict systemic side effects in both the build-up 
and maintenance phases. It follows that patients with local 
reactions should be monitored particularly carefully, and that 
modification of doses be considered. It is well established that 
local reactions to hymenoptera may indicate an increased risk 
that systemic reactions will develop [1]. Our findings support a 
similar tendency regarding local reactions to aero-allergens. On 
the other hand, patients can be counseled that local reactions 
will be less frequent when maintenance is achieved. Most of the 
existing data on associations between local and systemic reac-
tions are based on retrospective cross-sectional studies [8-10]. 
In contrast, this is a historical cohort study of patients treated 
with immunotherapy over a 5 year period, with separate con-
sideration of the build-up and maintenance periods as well as 
the 2 year period after achieving maintenance. The limitations 
of this study are that it was retrospective and not controlled.

Conclusions 

This study showed that immunotherapy is effective and safe 
and is associated with a trend of reduced medication use and 
costs for rhinitis and asthma. Local side effects presenting in 
the build-up and maintenance phases may predict systemic 
side effects. Recognizing the benefits and safety of immuno-
therapy in allergic patients is necessary for physicians and 
health authorities in providing better care and treatment.
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therapy. All patients receiving hymenoptera immunotherapy 
were tolerant to the maintenance dose of 100 µg. Of patients 
treated by aero-allergen immunotherapy, 89% showed signifi-
cant improvement. These findings concur with previous data on 
the efficacy of immunotherapy [1,2,7]. Moreover, the improve-
ment reached shortly after reaching the maintenance dose, as 
described here, concurs with previous documentation [17]. 
Nevertheless, comparisons among studies are limited since the 
success rate of immunotherapy depends on the appropriate 
selection of patients with acceptable levels of compliance and 
on the administration of effective doses of clinically relevant 
allergens. Most studies on this subject have compared symp-
tom scores between patients who are and are not treated with 
immunotherapy. However, little data are available regarding the 
proportion of patients actually reporting a meaningful benefit 
from immunotherapy, as reported in this study.

In this study, treatment efficacy was not associated with 
patients’ primary allergic conditions, i.e., allergic rhinitis with 
or without conjunctivitis or asthma. While immunotherapy is 
known to prevent the development of asthma in patients with 
allergic rhinitis [18,19], these findings support the notion that 
the condition of asthma, once controlled in a patient with aller-
gic rhinitis, should not be a factor in determining whether or 
not to initiate immunotherapy. 

The lack of association between reported clinical improve-
ment and age, gender, ethnic background, and treatment against 
a particular allergen, supports the notion of a universal patho-
physiology of allergic disease, with similar courses in popula-
tions in different environments The duration of immunotherapy 
is determined by the physician and patient after considering the 
benefits and risks associated with discontinuing or continuing 
treatment [1]. There are presently no specific tests or clinical 
markers for identifying which patients will relapse and which 
will remain in long-term clinical remission after stopping 
immunotherapy. Nevertheless, we found significantly greater 
success rates in patients treated for 5 years or more compared 
to those treated for 3 years, suggesting that reaching efficacy 
with immunotherapy may take longer than generally thought 
and that efficacy may increase with time. Our findings sup-
port the benefit of continuing immunotherapy beyond 3 years, 
preferably 5 years. Longer duration requires particularly good 
patient adherence. This highlights the importance of careful 
patient selection and ensuring that the patient understands the 
treatment and its requirements. In addition, prolonged immu-
notherapy may require greater support by health care providers. 

In this study, the cost of asthma medication decreased 
markedly from the point that maintenance was reached, con-
tinuing for another 2 years. This trend supports the efficacy of 
immunotherapy by demonstrating that the reported improve-
ment in symptoms was not due to an increased use of medica-
tions. Although reductions in medication costs per patient did 
not reach statistical significance, they may be meaningful when 
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Rheumatoid arthritis is a chronic autoinflammatory dis- 
ease that affects 1–2% of the world’s population and is 
characterized by widespread joint inflammation. Interleukin-1 
is an important mediator of cartilage destruction in rheumatic 
diseases, but our understanding of the upstream mechanisms 
leading to production of interleukin-1β in rheumatoid arthritis 
is limited by the absence of suitable mouse models of the 
disease in which inflammasomes contribute to pathology. 
Myeloid cell-specific deletion of the rheumatoid arthritis 
susceptibility gene A20/Tnfaip3 in mice (A20myel-KOmice) 
triggers a spontaneous erosive polyarthritis that resembles 
rheumatoid arthritis in patients. Rheumatoid arthritis in 
A20myel-KO mice is not rescued by deletion of tumur necrosis 
factor receptor. Vande Walle and team show, however, that it 
crucially relies on the Nlrp3 inflammasome and interleukin-1 
receptor signaling. Macrophages lacking A20 have increased 
basal and lipopolysaccharide-induced expression levels of 

the inflammasome adaptor Nlrp3 and proIL-1β. As a result, 
A20-deficiency in macrophages significantly enhances Nlrp3 
inflammasome-mediated caspase-1 activation, pyroptosis 
and interleukin-1β secretion by soluble and crystalline 
Nlrp3 stimuli. In contrast, activation of the Nlrc4 and AIM2 
inflammasomes is not altered. Importantly, increased Nlrp3 
inflammasome activation contributes to the pathology of 
rheumatoid arthritis in vivo, because deletion of Nlrp3, 
caspase-1 and the interleukin-1 receptor markedly protects 
against rheumatoid arthritis-associated inflammation and 
cartilage destruction in A20myel-KO mice. These results reveal 
A20 as a novel negative regulator of Nlrp3 inflammasome 
activation, and describe A20myel-KO mice as the first exper- 
imental model for studying the role of inflammasomes in the 
pathology of rheumatoid arthritis. 
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Negative regulation of the NLRP3 inflammasome by A20 protects against arthritis




