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Are large local reactions a marker for systemic reactions to
subcutaneous immunotherapy in children?

Isil Eser Simsek, Metin Aydogan

Abstract

Background: Previous studies involving predominantly adults concluded that the patients developing frequent large lo-
cal reactions (LLRs) might be at greater risk for systemic reactions (SRs) during subcutaneous allergen immunotherapy
(SCIT).

Objective: To determine the rate of side effects to SCIT and evaluate frequency of LLR among pediatric patients with
SRs.

Methods: The retrospective study included pediatric patients receiving SCIT. Data on the demographic features, season
at onset of SCIT, the indication for treatment, additional allergic diseases, laboratory results, the allergens applied, side
effects after injection, grade of SRs, and the total number of injections for each patient were collected retrospectively
from the medical records and injection charts.

Results: A total of 19,562 injections were administered to 261 patients with conventional SCIT. The incidence LLRs
was 0.2% per injection; 1.15% of all patients (n = 3) experienced LLRs on at least two consecutive visits. Systemic side
effects were seen in 1% of all SCIT injections. No grade 3 or grade 4 SRs were observed. Logistic regression analysis
showed that having an LLR was 3.32 times (95% CI, 1.313-8. 440; P = 0.011) and initiation of SCIT in summer and
spring was 4.309 and 3.056 times than autumn (95% CI, 1.527-12.157, P = 0.006; 95% CI, 1.358-6.849, P = 0.007), re-
spectively, increased risk for an SR.

Conclusion: Having LLRs might predict the risk of SRs at any time during immunotherapy in also pediatric patients.
Knowing the risk factors is important for developing a personalized protocol in these patients.
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Introduction

Subcutaneous allergen immunotherapy (SCIT) is an effec-
tive treatment that can modify the natural course of the dis-
ease for patients with allergic rhinitis, allergic asthma and hy-
menoptera venom allergy."” Although SCIT is generally well
tolerated, local and systemic reactions (SRs) ranging from mild
to life-threatening anaphylaxis may occur.’ The rate of SRs
with a conventional schedule is reported to be 0.1% to 0.2%
per injection.*” Uncontrolled asthma is well known to predict
severe SRs, but some studies have reported mixed results for
factors including the type of allergen, the high degree of sen-
sitivity, number of injections, the phase of immunotherapy,

the type of disease and seasonal exposure."®” There have been
studies evaluating the relationship of large local reactions
(LLRs) with subsequent systemic reactions in patients who re-
ceive SCIT. Contrary to a previous study by Ramirez et al that
reported no systemic reactions with dose adjustments after a
large local reaction were observed , recent studies have con-
cluded that LLRs do not increase the likelihood of subsequent
SRs and routinely dose adjustment is not required.>®*® Routine
dose adjustments when a LLR occurs from immunotherapy
may be time consuming because of additional visits and may
be reason of the non-completed immunotherapy.
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Fear of adverse reactions for both the patient and the doc-
tor is considered to be a reason of non-adherence to SCIT.
Early identification and appropriate management of prevent-
able risk factors can reduce SCIT-related SRs that limits its
use and encourage more effective use of this treatment.

We performed a retrospective study of patients receiving
SCIT following a conventional schedule in our allergy clinic
to determine the rate of systemic reactions associated with
SCIT. We also investigated possible risk factors associated
with SRs such as frequency of LLRs.

Methods
Patient Population

This retrospective cross-sectional study was conducted at
the Department of Pediatric Allergy and Immunology at Ko-
caeli University, Turkey. All children aged 5 to 18 years who
underwent immunotherapy in our clinic between January
2011 and December 2019 were included in the study. Patients
who did not complete at least 2-year follow-up were excluded.
The local ethics committee at Kocaeli University approved the
study (2020/158)

Data on the demographic features, season and the age at
onset of SCIT, the indication for treatment, allergen sensitiv-
ity at skin prick test (SPT), additional allergic diseases (such
as atopic eczema, food allergy, urticaria, drug allergy) family
history, test results (blood eosinophil count, total IgE) the al-
lergens utilized in the immunotherapy, local and systemic side
effects after injection, symptoms and signs of SR, grade of SR,
season and phase of SCIT at time of reactions, and the num-
ber of injection visits for each patient were collected from the
medical records and injection charts.

Subcutaneous Immunotherapy

SCIT was performed using a conventional scheme with
the appropriate allergen extract on the basis of the patient’s
SPT results and symptoms. Standardized aluminium hydrox-
ide adsorbed depot allergen extracts (Alutard, ALK, Den-
mark) were used. The initial standard dose for immunother-
apy was 0.1 ml of 100 SQ/ml. Dosages were increased weekly
to reach a monthly usual maximum maintenance dose of
0.8 ml of 100,000 SQ/ml. Doses were administered week-
ly for 4 months and subsequently biweekly for 1 months in
the build-up phase and monthly for at least 3 years in the
maintenance phase. Patients were examined by a physician
before receiving immunotherapy injections for current asth-
ma symptoms and delayed local or systemic side effects had
developed after their previous treatment. The injections were
applied by the same experienced nurses in our clinic through-
out the study period. The patients were observed for at least
1 hour after each injection for possible adverse effects. Large
local reaction was defined as swelling and/or erythema larg-
er than 5 cm at the injection site. Systemic or local reac-
tions that occurred > 30 minutes after injections were con-
sidered as delayed reactions."” The rate of systemic reaction
was defined as the number of reactions per injections (the
total number of reactions/ the total number of injection).
Experienced local reactions in a row on at least two visits
during the SCIT was defined as a consecutive local reaction.

We used the 5-level grading systems of the World Allergy Or-
ganization in the assessment of systemic side effects seen post
SCIT: grade 1, symptoms involving one organ system (cuta-
neous, upper respiratory tract, conjunctival, gastrointestinal,
other symptoms, such as nausea, headache); grade 2, symp-
toms involving more than one organ system or gastrointesti-
nal symptoms or asthma symptoms/signs that respond well to
inhaled bronchodilators; grade 3, asthma symptoms/signs that
do not respond to inhaled bronchodilators or upper respira-
tory tract (laryngeal, uvula, tongue) oedema with or without
stridor; and grade 4, respiratory failure or hypotension, with
or without loss of consciousness.’” SRs were treated with an-
tihistamines, epinephrine, and/or albuterol based on reaction
severity and systems involved. Doses were changed according
to the recommendations of the manufacturer in the presence
of systemic and large local reactions with the previous dose.
Patients were not routinely given premedication before injec-
tions.

Statistical Analysis

SPSS v21.0 (SPSS Inc., Chicago, IL, USA) was used for the
statistical analysis. Normality was evaluated using the Kolm-
ogorov-Smirnov test and descriptive statistics. Continuous
variables are presented as the median (interquartile range).
Categorical variables are presented as frequency and percent-
age. The chi-squared test or the Fisher exact test was used to
analyse categorical variables. The Mann-Whitney U test was
used to analyse continuous variables. Multivariate logistic re-
gression with backward elimination was performed to assess
potential predictors of an SR. Results are presented as odds
ratios and 95% confidence intervals (95% Cls). Statistical sig-
nificance was considered as P < 0.05.

Results

A total of 19,562 injections were administered to 261 pa-
tients (101 females and 160 males) for conventional SCIT. The
indication for immunotherapy was allergic rhinitis and/or al-
lergic conjunctivitis (16%), asthma (32%), asthma plus allergic
rhinitis (52%). The patients receiving venom immunotherapy
are excluded from study. The average duration of immuno-
therapy was 42.05 months (minimum, 24 months; maximum,
64 months); 56.3% of the patients (147 of 261) received a sin-
gle allergen. SCIT was performed for house dust mites in 225
patients (86.2%), grass pollens in 123 patients (47.1%), alter-
naria in 10 patients (3.8%) and olive pollens in 5 patients (1.9
%).

Six patients could not be complete at least 2-year fol-
low-up course due to reasons not related to side effect of
SCIT (low efficacy (n = 1), having autoimmune disease during
treatment (n = 1), moving the another city (n = 2), socioeco-
nomic conditions(n = 2)).

Incidence of Side Effects
Local Reactions

A total of 132 local reactions were seen in 19.2% of pa-
tients for a rate of 0.67% per injection. Of these local reac-
tions, 70.5% were small local reaction [SLR] that defined as
smaller than 5 cm. The large local reaction rate was 0.2%




Reactions to immunotherapy in children / =N
APJAI

per injection (8.4% of patients) and 51.2% of these reactions
were delayed. A total of 4.6% of patients (n = 12) experienced
SLRs on at least two consecutive visits. The rate of large local
reactions (LLRs) and SRs in patients with consecutive SLRs
was 2.06% and 1.31% per injection. A total of 1.15% of pa-
tients (n = 3) experienced LLRs on at least two consecutive
visits. No SRs were observed in patients with consecutive
LLRs.

Systemic Reactions
Systemic side effects were seen in 1% of all SCIT injections

and in 24% of patients. Eighty-one percent of systemic reac-
tions occurred in the maintenance phase of the immunother-
apy and 32.5% in the winter; 10.7% of all patients (n = 28)
experienced SRs on at least two visit.

Grade 1 SRs occurred in 39% (25 of 64) of the patients
who had SRs. Of the patients who had grade 1 reactions, 72%
had only one reaction, 24% had two and only one patient had
nine reactions. Grade 2 reactions were observed in 76.5% (49
of 64), 34% had only one grade 2 reaction, 18% had two SRs,
16% had three SRs and 32% had 4 to 20 reactions. No grade 3
or grade 4 SRs were observed.

Grade 1 reactions were treated with antihistamines (combined
with systemic corticosteroids in % 10 of treatment). Intramus-
cular epinephrine were used 63.2% of Grade 2 SRs (combined
with antihistamines and/or short-acting beta-2 agonists), con-
stituting 50.7% of all SRs. Short-acting beta-2 agonists were
given in 36.8% of Grade 2 reactions.

Risk Factors for Systemic Reactions

There were no significant differences for the prevalence
of SRs in terms of gender, the mean age at initiation of SCIT,
time interval between diagnosis of the initial allergic disease
and start of SCIT, initial diagnosis, additional allergic dis-
eases, the presence of atopy in the family, the degree of skin
test reactions (for patients receiving HDM and grass pollens
SCIT), number of sensitizations in the skin test, allergen ex-
tracts administered, SCIT with multiple or single allergen, pe-
ripheral eosinophilia and serum total IgE measures (Table 1).
Both small and large consecutive local reactions had no effect
on the occurrence of SRs on the next injection. SRs developed
in 54.5% (12 of 22) of patients who had a large local reaction
and 21.8% (52 of 239) of those without an LLR (P = 0.001).

Table 1. Characteristics of the patients with and without systemic reactions

Age at start of immunotherapy (years), median (IQR)

The time interval between diagnosis and the SCIT initiation, median (IQR)

Sex (male), n (%)
Diagnosis (%)
Asthma
Allergic rhinitis
Asthma and allergic rhinitis
Other allergic disease (food and drug allergy, AD), n (%)
Allergen extracts, n (%)
House dust mites (HDM)
Pollens
HDM plus pollens
Mould
Season at the start of SCIT, n (%)
Spring
Summer
Autumn
Winter
Family history of allergic diseases, n (%)
SLR, n (%)

Consecutive SLR, n (%)

Alllpatients Syster‘nic No syst.emic
(n=261) reaction reaction
(n=64) (n =197)
9.80 (5.30) 9.60 (3.93) 10.05 (5.60) 0.678
2.50 (3.90) 2.80 (3.88) 2.30 (3.95) 0.216
160 (61.30) 34 (53.12) 126 (64) 0.162
0.090
83 (32) 30 (46.87) 106 (53.80)
42 (16) 7(10.93) 35 (17.76)
136 (52) 27 (42.20) 56 (28.42)
43 (16.50) 6(9.37) 37 (18.80) 0.137
0.218
123 (47.12) 37 (57.81) 86 (43.60)
26 (10) 5(7.81) 21 (10.65)
102 (39.08) 21 (32.80) 81 (41.11)
10 (3.83) 1(1.56) 9 (4.56)
0.002
59 (22.60) 21 (32.81) 38 (19.30)
22 (8.42) 9 (14.06) 13 (6.60)
105 (40.21) 14 (21.90) 91 (46.10)
75 (28.82) 20 (31.25) 55 (27.91)
97 (37.16) 18 (28.12) 79 (40.10) 0.134
40 (15.32) 14 (21.87) 26 (13.20) 0.090
12 (4.63) 4 (6.25) 8 (4.06) 0.468
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Table 1. (Continued)

LLR, n (%)

Consecutive LLR, n (%)

Total IgE (IU/mL), median (IQR)

Serum eosinophilia/mm? median (IQR)

The number of positive skin test results, median (IQR)

The diameter of skin test reactions, mean (SD), mm
Dermatophagoides pteronyssinus (Dp)
Dermatophagoides farina (Df)

Grass pollens

All patients Syster'nic No syst'emic

(n = 261) reaction reaction

(n=64) (n =197)
22 (8.42) 12 (18.75) 10 (5.07) 0.002
3 (1.15) 0 (0) 3(1.52) 0.750
410 (694) 378 (704) 437 (681) 0.793
289 (362) 280 (444) 289 (357) 0.676
2(1) 1(1) 2(1) 0.556
8.50 (3.73) 9.21 (3.87) 8.20 (3.65) 0.168
8.73 (3.70) 9.56 (3.65) 8.38 (3.69) 0.107
10.53 (5.21) 10.60 (3.50) 10.52 (5.61) 0.977

Abbreviations: HDM, house dust mite; LLR, large local reaction; SCIT, subcutaneous allergen immunotherapy; SLR, small local reaction.

Table 2. Risk factors for systemic reactions

Odds 95% Confidence

Risk factor ratio Interval P value
Sex 1.716 0.940 3.132 0.079
Large local reaction 3.329 1.313 8.440 0.011
Season at start of SCIT 0.014
Summer 4.309 1.527 12.157 0.006
Spring 3.056 1.358 6.849 0.007
Winter 2.113 0.971 4.594 0.060

P values < 0.05 are significant. Diagnosis, family history of allergic diseases,
and small local reaction were excluded in backward elimination.

Table 3. The incidence of reactions according to the onset
time and phase of immunotherapy

Moo G phasen ()

Small local reactions

Immediate 89 (95.69) 17 (18.27) 72 (77.41)

Delayed 4 (4.30) 1(1.07) 3(3.22)
Large local reactions

Immediate 19 (48.71) 1(2.56) 18 (46.15)

(< 30 minute)

2 e;j)yfjmute) 20 (51.28) 16 (41) 4(10.25)
Systemic reactions

Immediate 161 (79.31) 27 (13.30) 134 (66)

Delayed 42 (20.70) 11 (5.41) 31 (15.27)

Logistic regression analysis showed that having an LLR was
3.58 times (95% CI, 1.402-9.133; P = 0.008) and initiation of
SCIT in summer and spring was 4.579 and 2.856 times than
autumn (95% CI, 1.692-12.363, P = 0.003; 95% CI, 1.269-
6.429, P = 0.011), respectively, increased risk for an SR (Table
2).

Of the local side effects, 81.5% were immediate and 79.3%
of systemic side effects were immediate reactions. The inci-
dence of local and SRs according to the onset time after injec-
tion and the phase of immunotherapy are presented in Table
3.

Discussion

In our study, we evaluated several parameters as predictors
of SRs and the incidence of local and systemic side effects due
to SCIT in children. In multivariate logistic regression anal-
ysis, only having LLRs and the initial season of SCIT were
identified as significant risk factors for SCIT-related SRs in
our study. In the present study, we found that the possibility
of SRs at any time during immunotherapy was 3.5 times high-
er in patients experiencing an LLR. Previous studies suggest-
ed that LLRs are insensitive predictors of subsequent SRs and
reducing the dose at the next injection after an LLR is un-
necessary.>'""" In a retrospective study, Roy et al." concluded
that there is a statistical difference in the frequency of LLRs
between patients who experienced an SR and those who did
not, and the authors suggested that LLRs were not predictive
of subsequent SRs but the patients developing frequent LLRs
might be at greater risk for SRs during SCIT. Since this find-
ing that reported in patients with routine dose adjustment af-
ter LLRs, in other studies that followed a no-dose adjustment
policy have supported with similar findings.'®!” There are wide
variations between studies in the definition of LLRs and dose
adjustment protocols. As a conclusion of these evaluations, we
think that prospective multicentre studies investigating the ef-
fect of LLRs on SRs are necessary.
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The rate of local reactions in our patients was lower than
those reported in the literature; similarly wide local reactions
were observed in 8.5% of patients and 0.23% of all injections.
In our center, before leaving the clinic, the injection sites of all
patients are examined by an experienced nurse, even if the pa-
tient has no complaint. We believe that local reaction rates are
not underestimated even though they were documented ret-
rospectively. This lower local reaction rate may be explained
by the use of a cold compress in our clinic when patients feel
subjective symptoms such as fullness, tingling sensation and
pain. Coop et al.'® evaluated SCIT-related local reactions, and
they concluded that most local reactions are not bothersome
to patients and are an uncommon reason for discontinuation.
Previous studies showed that local reactions did not predict
a repeat local reaction at the subsequent injection, and dose
adjustment for local reactions may delay therapy and require
additional visits.”'® In our clinic, we do not routinely adjust
the dose for local reactions, and we did not observe discontin-
uation of immunotherapy due to these reactions.

In our study, the frequency of systemic reactions was 1%
per injections. Previous studies have reported approximately
0.2% SRs per injection.’”® The incidence of SRs in our study
was higher than those reported in these studies but similar to
the values reported for other adult studies and a study per-
formed in children by Tophof et al.”>***' The higher SR rates
may be related to our strict follow-up policy after each injec-
tion. In our centre, we observed patients for at least 1 hour
after injection, and if they have a complaint after leaving the
clinic, we instruct them return to the injection room or call
us. Previous studies demonstrated that approximately half of
the SRs to allergen immunotherapy were delayed and not se-
vere.>”* Another explanation for this finding may be an un-
derestimated rate relative to failure to report minor delayed
reactions in patients who wait the recommended 30 minutes
because families ignore this if they use self-treatment or were
treated in an another centre for symptoms occurred out of the
office. In addition, there are variations in study designs. For
example, Mustafa et al.”® concluded that it is possible to miss
reactions when only antihistamines are used for treatment be-
cause patients using epinephrine were included in the study as
systemic reactors. In the light of these findings, we emphasize
that physicians should question and document appropriately
the presence of delayed reactions; a longer observation time
should be applied especially for patients with a greater risk
for an SR. Developing a standardized form for recording re-
actions at the start of immunotherapy for each patient could
help with the documentation of SRs.

Studies have reported that patients with asthma develop
higher SCIT-related systemic side effects."”>? In our study,
there was no correlation between SCIT-related side effects and
the presence of asthma. In our centre, in addition to routine
evaluation for the presence of current asthma symptoms be-
fore injection on the SCIT administration day, follow-up visits
every 3 months are arranged for each patients receiving SCIT
and asthma control is evaluated. We think that this finding is
related to the good asthma control among our patients as a
result of this practice, reported to be important for safe ad-
ministration of immunotherapy.>*2°
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The possibility of SRs with start of SCIT in summer was
4.5 times higher and approximately 2.8 times higher in spring
than autumn in our study. We have not found any similar
findings about this issue in the literature. Patients who started
immunotherapy in the spring and summer will be on main-
tenance therapy in autumn and winter. Although we do not
have enough knowledge to explain this finding, we think that
the higher allergen content in the maintenance phase, in addi-
tion to the frequency of environmental triggers, such as viral
infection allergens, could induce SRs in autumn and winter.

In conclusion; having LLRs might be a important factor
that increasing the possibility of SRs at any time during im-
munotherapy. Knowing the risk factors may be an opportu-
nity to develop a personalized treatment for SCIT. Previous
studies have shown that dose adjustments after LLR do not
affect SRs on the next injections.Further studies focusing on
whether starting at a lower dose, slower dose increases during
build-up, pre-medication, repeating a dose may affect the rate
of reactions in these population at risk for systemic reactions
are needed.
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