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■ Abstract
Background and Objective: Subcutaneous allergen-specific immunotherapy (SCIT) is an effective treatment for patients with allergic asthma
and rhinitis. SCIT may be performed in many different ways and good safety profiles have been published. Other studies, however, have
reported high frequencies of severe adverse events (SAEs) but without identifying the causes. After an increase in SCIT-related SAEs in
Denmark between 2003 and 2004, strict performance regulations were imposed by the authorities. Because safety data from national
databases were not available, we implemented a surveillance system aimed at identifying the causes of SAEs.
Methods: We prospectively registered the number of injections and SAEs during SCIT. A slow up-dosing regimen was used and adherence
to international standards was optimized.
Results: No SAEs were observed with 28 992 injections. The maximal risk per injection was calculated at <1.3 per 10 000 injections.
Discussion: Our results confirm the good safety profile of SCIT. We applied a sentinel SCIT surveillance system that may offer a means
of guaranteeing safety by providing online feedback to all participating clinics when SAEs occur in order to explore their causes by root
course analyses performed by all participants. Furthermore, such quality assurance documentation may facilitate wider acceptance of SCIT
by health care administrators, clinicians, and patients.
Key words: Safety. Risk management. Allergen immunotherapy. Risk. Immunotherapies. Allergen. Sentinel surveillance.

■ Resumen
Antecedentes y objetivo: La inmunoterapia alérgeno-específica subcutánea (ITSC) es un tratamiento efectivo para pacientes con asma y
rinitis alérgica. La IAES podría realizarse de muchas maneras diferentes y se han publicado perfiles buenos de seguridad. Otros estudios,
sin embargo, han comunicado alta frecuencia de efectos adversos graves (EAGs) pero sin causas identificadas. Después de un aumento
de las EAGs relacionadas con ITSC en Dinamarca entre 2003 y 2004, las autoridades han impuesto estrictas regulaciones de actuación.
Dado que no se encontraban disponibles los datos de seguridad de las bases de datos nacionales, implementamos un sistema de vigilancia
destinado a identificar las causas de EAGs.
Métodos: Registramos prospectivamente el número de inyecciones y los EAGs durante SCIT. Se empleó un régimen de reducción de dosis
y optimizó la adherencia a los estándares internacionales.
Resultados: No se observaron EAGs con 28 992 inyecciones. Se calculó el riesgo máximo por inyección siendo <1,3 por 10 000
inyecciones.
Discusión: Nuestros resultados confirman el perfil de buena seguridad de la ITSC. Aplicamos un sistema de vigilancia centinela de ITSC
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que podría ofrecer un medio de seguridad garantizada facilitando una retroalimentación en línea a todos los participantes clínicos cuando
los EAGs ocurren para explorar sus causas mediante el análisis de la causa raíz por todos los participantes. Además, esta confirmación
de la calidad en la documentación podría facilitar una aceptación más extensa de la ITSC por los administradores del cuidado sanitario,
clínicos y pacientes.
Palabras clave: Seguridad. Manejo de riesgo. Inmunoterapia de alérgeno. Inmunoterapias. Alérgeno. Vigilancia centinela.

Introduction
There is ample evidence that subcutaneous specific allergen
immunotherapy (SCIT) is an effective treatment for allergic
rhinitis and asthma [1,2] (Cochrane reviews) and severe
hymenoptera venom allergy [3]. Evidence of the same quality,
however, is not available for the risk of severe adverse events
(SAEs) during SCIT.
Whether SCIT is over- or underutilized is difficult to
determine since the risk of SAEs seems to vary considerably,
not only between countries, but also between settings [4].
International position papers have reported SAE frequencies
ranging from less than 1% (conventional SCIT) to 36% (rush
SCIT) [5].
At present there is no consensus on what constitutes an
acceptable upper limit for the risk of SAEs during SCIT
and it probably depends on the severity of the disease being
treated and the likelihood of treatment success. Because risk
monitoring has not formed an integral part of SCIT to date,
the treatment has come under varying levels of pressure at
different points in time following the observation of clusters
of fatalities and SAEs.
Pressure from authorities has resulted in the imposition
of strict performance regulations, which seems reasonable
when there is clear evidence of substandard performance.
These regulations, however, have had unintended effects in
the United Kingdom [6] and in Denmark, where the number
of patients offered SCIT fell. In Denmark the situation also
led to a marked fall in the sales of vaccines [7].
The integration of safety monitoring into SCIT procedures
would make it possible to identify centres where treatment
has gone out of control. The expressions out of control and in
control are common terms in safety and process monitoring.
The implementation of treatment procedures, whether in SCIT
or heart surgery [8,9] permits the continuous monitoring of
quality. The most common way to do this is to establish control
limits (such as 95% tolerance limits) between which the process
has to run to be acceptable. With such a system, results (such
as the number of patient deaths per surgeon or of SAEs per
allergy vaccination clinic) can be continuously monitored. This
set-up has the advantage that in the event of anomalies, only
certain centers have to stop or correct their activities. Centers
that are in control, in contrast, can continue their activities and
even provide a benchmark for safety management procedures
as data accumulate.
This study was initiated following an outbreak of
unexplained SAEs in Denmark between 2003 and 2004 during
SCIT with timothy grass. Following an increase in the number
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of SAEs reported to the Danish Medicines Agency, this agency,
in conjunction with the Danish Society of Allergy and the
allergen extract manufacturer, ALK-Abelló, recommended
reducing the maximal dose of timothy grass and the Danish
Health Board imposed stringent regulations on the performance
of immunotherapy. It was agreed that the main problem was
the lack of data on the number of patients treated, the true
number of SAEs in Denmark, and the standard of physician
performance. In 2004 it was decided to establish a national
database for allergen-specific immunotherapy but this database
has not yet been launched. Since SCIT treatment had gone out
of statistical control in Denmark [10], we decided to implement
a sentinel event surveillance system and an alert system for
SAEs resulting from SCIT. This system is well known and is
described in a position paper by the Joint Commission [11].
In the words of the Joint Comission, a sentinel event is “an
unexpected occurrence involving death or serious physical or
psychological injury, or the risk thereof. The phrase, "or the risk
thereof" includes any process variation for which a recurrence
would carry a significant chance of a serious adverse outcome.
Such events are called "sentinel" because they signal the need
for immediate investigation and response.”
We report the set-up of this system and the results following
28 992 injections.

Methods
Five clinics participated in the study. The clinics had a
relatively high SCIT volume compared to the national average
based on figures from hospitals (National Health Board data)
and primary care centers (national health insurance data), and
all the participating physicians had at least 20 years' experience
with SCIT. Every month, the clinics reported the number of
patients that received SCIT, as well as the allergen type, number,
and dose administered. Each SAE was defined according to
the European Academy of Allergy and Clinical Immunology
(EAACI) guidelines [12] as either grade 3 (non-life-threatening
urticaria, angioedema, or asthma responding well to usual
treatment) or grade 4 (life-threatening anaphylactic shock
requiring more intensive treatment). All SAEs had to be reported
to all participating clinics within 24 hours. The participating
physicians had all declared that they were prepared to complete
a full root cause analysis [13] of all SAEs, including on-site
inspection within a week of each incident. (Because no SAEs
occurred, however, this analysis was not necessary).
Grade 1 reactions (unspecific symptoms, probably not
immunoglobulin E-mediated, such as discomfort, headache,

© 2009 Esmon Publicidad

Safety of standardized immunotherapy

and arthralgia) and grade 2 reactions (mild systemic
reactions, mild rhinitis or asthma, responding well to
antihistamines and adrenergic ß2-agonists) [12] were not
recorded because they do not constitute a health risk to
patients or signal a safety problem, unless they develop
into grade 3 reactions. The feasibility of including a safety
study as an integrated part of SCIT was also a concern and
therefore only grade 3 and 4 reactions were registered since
grade 1 and 2 reactions are not considered to represent a
health risk to the patient.
The results were e-mailed to the program coordinator
every month and entered in a Microsoft Excel spreadsheet. A
cumulative risk-adjusted mean chart analysis [9] of SAEs was
also to be reported monthly. However, as no grade 3 or 4 reactions
occurred, the statistical analysis was replaced with an estimate
of the maximal risk of an event that had not yet occurred [14].
Within a few hours of receiving the data, the maximal risk was
calculated and returned to the participating clinics. Analyses of
data were performed with the statistical software package SPSS
14.0 (SPSS Inc. Chicago, Illinois, USA).

Immunotherapy Protocols and Technique
Only biologically standardized depot allergen formulations
with a high content of relevant major allergens were used
(Alutard; ALK-Abelló, Hørsholm, Denmark). SCIT was
performed according to the recommendations of the allergen
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extract manufacturer and the Danish Medicines Agency specified
in the corresponding summaries of product characteristics [15],
with the following exceptions and clarifications. A slow updosing phase with 1-weekly injections and increments from
10 standardized quality units (SQ-U) to 100 000 SQ-U over
15 weeks was used, and a maintenance dose was to be given
every 6 to 8 weeks for 3 to 5 years. Before the first injection,
the patients were asked if they had experienced any symptoms
(particularly rhinitis and asthma symptoms) since the previous
visit and also if they had started any new medications. During
the pollen season, 2 clinics (clinics 2 and 3) routinely reduced
the allergen dose as recommended by EAACI [3,12]; the
other clinics only reduced the dose if the patient showed
symptoms during the pollen season. Ventilatory capacity was
routinely measured in all patients prior to injections in order to
exclude uncontrolled asthma, which is the main risk factor for
death. The interval between injections of 2 or more allergens
per patient on the same day was lower than the 30-minute
interval recommended by the EAACI [3,12]. In our case, it
was approximately 5 to 7 minutes, which is the time needed
to check the patient–allergen match, prepare the dose, fill the
syringe, and perform the injection(s). Doses were not divided
when a new vial of allergen was used. The injections were
performed subcutaneously at an angle of 10º to 25º (and not
at 40º as recommended by the EAACI [3,12]), with a flow
of 1 mL/min, a 1-mL syringe, and aspiration every 0.2 mL. If
blood was aspirated, the injection was stopped and the patient was
observed closely for the following 30 minutes. If no symptoms

Table 1. Number of Patients, Injections, Doses, and Allergens by Clinic
2004-2006
Clinic
Patients, No.
Injections, No.
Single allergen
<10 000, SQ-U
10 000-<100 000, SQ-U
100 000, SQ-U
≥2 allergens
< 10 000, SQ-U
10 000-<100 000, SQ-U
100 000, SQ-U
Total injections 2004-2006, No.
2007-2008
Patients, No.
Injections, No.
2004-2008
Total injections 2004-2008, No.
Total patients 2004-2008, No.

Clinic 1

Clinic 2

Clinic 3

Clinic 4

Clinic 5

Total

487

120

102

244

170

1123

660
1373
3067

187
532
208

240
631
292

598
490
930

410
521
1547

2095
3547
6044

681
741
117
7639

402
1251
323
2903

501
902
235
2801

436
445
924
3823

92
208
556
3334

2112
3547
3155
20 500

293
2485

85
1152

118
1475

170
1715

175
1665

548
8492

10 124
780

4055
205

4276
220

5538
414

4999
345

28 992
1964

Abbreviations: SQ-U, standardized quality unit.
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Figure 1. Distribution of allergens per clinic (20 500 injections per clinic, % of total).
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Figure 2. Number of allergens per clinic (20 500 injections per clinic, % of total).
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Table 2. Absolute Risk of Severe Adverse Eventsa (SAEs) per 10 000 Injections

Tinkelman et al [23]
Lin et al [19]
Ragusa et al [22]
Mellerup et al [24]
Nettis et al [21]
Moreno et al [20]
Dursun et al [25]
Winther et al [18]b
Madsen et al (current study)

No. of
Patients

No. of
Injections

No. of
Injections
per Patient

No. of
SAEs

Risk
(95% CI)

4578
4810
2206
657
555
488
126
1038
1671

346 251
513 368
192 505
10 369
36 359
17 368
4705
30 728
28 992

76
107
87
16
66
41
37
30
17

98
139
115
31
14
21
38
124
0

2.8 (2.3-3.4)
2.7 (2.3-3.2)
6.0 (4.9-7.2)
29.9 (20.3-42-4)
3.9 (2.3-6.5)
12.1 (7.5-18.5)
81 (59-111)
40.4 (33.7-47.9)
0c (0.0-1.3)

a

Grade 3 or 4 event according to the European Academy of Allergy and Clinical Immunology guidelines [12].
According to an e-mail from the authors, the exact number of injections in the study could not be calculated. Based on data extrapolated
from the yearly number of injections, the total number of injections may have been 30 728 at most.
c
Maximal risk of an event that has not yet happened.
b

developed during this observation period, a new injection was
performed. During the study, the syringes and injection sites
were changed according to EAACI and the American College
of Allergy Asthma and Immunology (ACAAI) guidelines:
syringes with fixed needles were used instead of syringes with
removable needles and the injection site was moved from the
forearm and upper arm to the posterior part of the middle third
of the upper arm at the junction of the deltoid and the triceps
muscles exclusively.
Treatment with systemic antihistamines was recommended
from 2007 onwards, but some patients preferred not to take
any medication. Special attention was paid when questioning
patients on allergy symptoms and changes in medication
before injections.
From May 2004 to December 2006 detailed data were
collected, as described above, and from January 2007 to
January 2008 the total number of injections and patients were
reported. All SAEs were still to be reported within 24 hours.
This study did not require approval from the Danish ethics
committee system.

Results
The number of patients, injections, and doses per clinic
from May 2004 to January 2008 are reported in Table 1. Figure 1
shows the distribution of allergens per clinic. When more than
2 allergens were injected during a single visit, allergens number
3 and 4 were registered as “other combinations”. Timothy and
birch alone or in combination accounted for approximately
two thirds of all injections (Figure 2). The distribution of
allergens was comparable between clinics except for the
number of wasp allergen injections, which was higher in the
more rural clinics 4 and 5 (Figure 1). The number of “other
combinations” was relatively higher in clinics 2 and 3 as they
had a greater frequency of multiple (>2) allergen injections
per patient (Figure 2).
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No SAEs (grade 3 or 4 reactions) were observed (Table 2).
Based on 28 992 injections, the maximal risk of a grade 3 or
4 reaction was estimated at 0.013%, which is the equivalent
of fewer than 1.3 SAEs per 10 000 injections or 1 SAE per
7860 injections.

Discussion
The primary outcome of this study was the documentation
of sentinel event surveillance as a simple measure to bring SCIT
safety under control after a national outbreak of SAEs in Denmark.
Such a surveillance system should be considered for routine
inclusion in future immunotherapy standards. Existing national
drug safety surveillance systems are considered inappropriate.
Indeed, in response to criticism of its drug and medical device
safety monitoring systems, the United States Food and Drug
Administration is launching a new electronic system for identifying
safety problems once a drug is on the market [16,17]. Such a system
might solve many problems but until proven efficient we will have
to rely on simpler but already proven systems.
The secondary outcome of this study might seem trivial
but it is satisfactory. No SAEs occurred during the first 28 992
allergen injections performed and the calculated maximal risk
of SAEs was 1.3 per 10 000 injections. The main strength of our
study was its simplicity, fast feedback to participants, and rapid
achievement of clinically useful data. Although international
standards were largely followed, it is impossible to transcribe
the sum of varying clinical judgements and subprocedures
underlying our results. These medical subcultures are neither
identical to the EAACI guidelines nor to the recommendations
of the ACAAI; they rather follow more local traditions
and recommendations, a fact which should be taken into
consideration when extrapolating results. It is likely that these
medical subcultures hold the key to further improvements in
safety. In the present study, SCIT was the sole responsibility
of specialists, and this is the case in many countries.
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We expected a higher frequency of SAEs as, with the
exception of our slower up-dosing schedule, our methods
and patients were comparable to those described in previous
Danish studies [18]. To compare the prevalence of SAEs
between studies calls for some hesitation as details of methods
used and definitions of SAEs may vary or be obscured. Table 2
summarizes the results from studies using different dosing
schemes, allergen preparations, and techniques. Most SCIT
studies performed have observed a SAE frequency of 6 per
10 000 injections [19-23]. Our results are broadly consistent
with this figure, which is derived from large prospective
and retrospective studies. In contrast, a large safety study
by Winther et al [18] and a smaller one by Mellerup et al [24]
observed a relatively high frequency of SAEs. In the second
study, 3 clustered SCIT regimens were used. In 1 group,
aqueous allergen extracts produced a high rate of side
effects, but even in the largest group, treated with depot
extracts, the number of SAEs was high. The use of aqueous
extracts is generally believed to carry a high risk of systemic
reactions, but this is not necessarily so [23]. Dursun et al [25]
reported results for patients treated with rush, clustered, and
conventional SCIT protocols. The frequency of SAEs was
relatively high in all groups (Table 2) but grade 4 reactions
were only seen during rush up-dosing. The study by Winther et al
reported SAE data from 4 allergy clinics in Copenhagen,
Denmark: 3 hospital-based clinics, which used different types
of clustered SCIT, and 1 private allergy clinic, which used the
same slow up-dosing protocol as we did. In the private clinic,
the use of 3 to 4 allergens in a single patient during a visit was
not unusual, and most of the data is derived from this clinic.
Exact information on the frequency of SAEs is not reported;
the majority of SAEs were classified as grade 3, but there were
8 grade 4 reactions. The findings reported do not support the
theory that the number of allergens applied per patient is a
major risk factor for SAEs in SCIT. The patients, allergens,
and clinic set-ups are largely similar to those in our study,
possibly suggesting that a fast up-dosing protocol may be a
risk factor for SAE. This would be consistent with previous
findings, such as those reported by Mosbech et al [26] in 2000.
When dealing with SCIT, however, it is important to avoid
violation of international standards concerning preinjection
patient status, especially negligence of lack of asthma control [3-5]
and obvious human failures, such as failures relating to the
identification and matching of allergens and patients, dosing,
injection technique, patient observation, and rapid action on
observation of symptoms [27]. It is not easy to validate the
impact of factors such as injection site (upper or lower arm),
technique (subcutaneous or deep subcutaneous), size and
type of syringe (with or without a removable needle), and
the use of a 30-minute interval between injections (2-hour
observation for 4 injections). These factors are described in
guidelines and may influence results, but most studies on
SCIT safety do not describe the methods in sufficient detail
to evaluate their significance. There would certainly seem to
be room for improvement in this area.
Our results show that the combination of sentinel surveillance,
a slow up-dosing protocol, and adherence to standard medical
practice and professional recommendations [28] can result in
safe SCIT. In treatments such as SCIT, where SAEs are rare,
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root cause analyses provide a means of identifying problems
and instituting correctional procedures. Lockey et al [29,30]
produced invaluable information from large-scale root cause
analyses, but some details may have been lost as the data were
collected retrospectively. We believe that all SAEs should be
explored and a root cause analysis performed immediately.
It is important to understand that SCIT on the whole is very
complex and involves multiple procedures. It is not yet possible
to deal with all aspects in an operational fashion, and guidelines
should be considered general recommendations as they may
not be applicable to certain patients with unique clinical
characteristics. Instead, we should focus on the cause of each
SAE. Could it have been prevented had standard procedures
been followed? A root course analysis must be done to gain
information that will be of use for future patients.
The European recommendation of a 30-minute interval
between injections of 2 or more allergens in a patient in
a single visit [3,12] would make sense if SAEs were a
common complication in SCIT. It is not based on scientific
evidence, however, and will oblige clinicians to handle
several procedures twice (eg, patients need to be identified
and extracts performed before both the first injection and the
second one 30 minutes later). This interval could possibly
even increase risk by increasing the rate of mistaken patient
identity, which is one of the major risk factors together with
dosing failures [31]. We therefore suggest using a modified
sentinel surveillance system, at least in cases where SCIT
is out of control or, in settings such as the UK, where
debates about the efficacy of immunotherapy have been
overshadowed by concerns about safety [6]. In our opinion,
the issue of the 30-minute demand is unresolved and more
data are needed to substantiate this recommendation, at least
when slow up-dosing schemes are used. Slow up-dosing
protocols might be a problem for both patients and clinics.
The time needed for multiple appointments should be
weighed against safety. At present a slow up-dosing protocol
can be considered very safe. The high safety level identified
in our study (<1.3 SAEs per 10 000 injections) may serve
as a reference limit for clinics exploring faster protocols
with higher risk [18,24]. Future SCIT standards for quality
assurance should include measurements of outcome as part
of good practice [8] so that it can be determined where
those outcomes lie with respect to others [8]. Publication
of national and international results is considered right
and proper [8]. The practical solution is likely to be a new
electronic system for identifying safety problems once a
drug is on the market [16], but until this is running, our
simple model might suffice.
In conclusion, we applied a sentinel surveillance system
to monitor SAEs related to SCIT in 5 clinics using a slow
up-dosing protocol. We did not observe any SAEs during the
first 28 992 allergen injections and the calculated maximal
risk of SAEs was 1.3 per 10 000 injections. Our system of
providing online feedback to participating clinics when
SAEs occur in order to investigate their causes may secure
the safety of patients even further. Finally, such quality
assurance documentation may facilitate wider acceptance
of SCIT by health care administrators, clinicians, and
patients.
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