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Immunotherapy in the treatment of
allergic diseases

Allergen-specific immunotherapy and allergen
reduction are the only interventions in allergic
diseases with the potential to reduce symptoms in
the long term. The clinical value of specific
immunotherapy in the treatment of allergic dis-
eases has been questioned for the last 20 years in
spite of substantial documentation of efficacy. In
the evaluation of the relative advantages of
immunotherapy compared to exclusively pharma-
cologic treatment of allergic diseases, several
aspects such as the magnitude of efficacy (short
term and long term), practical applicability, side-
effects, and costs and durations are important
factors. The present review will focus on the magni-
tude of efficacy and side-effects.

In Hymenoptera venom allergies, immuno-
therapy represents the only curative treatment, and
the only real option for protection of patients
against life-threatening, sting-induced anaphylaxis
(1). Drug treatment in allergic rhinitis and asthma
is widely used and is clinically effective. However,
pharmacotherapy has limitations, as its long-term
efficacy in relation to preventing the development
of chronic, irreversible destruction of mucous
membranes is almost unknown.

Estimation of clinical efficacy

Allergic patients suffer from the clinical manifes-
tations of the disease; i.e., rhinitis, conjunctivitis,
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and asthma. Consequently, the only parameters
indicating efficacy of a treatment are reduction in
symptoms and/or drug intake (2). Furthermore, the
degree of reduction in symptoms and/or drug
intake should be of a magnitude that, from a
clinical point of view, significantly reduces the
morbidity of allergic disorders (3). This can be
estimated either by investigating the reduction in
symptom/medication scores in relation to a pre-
treatment observation period (a season for sea-
sonal allergies or a sufficiently long comparative
period in the case of perennial allergies), or by
comparing matched groups treated by active
immunotherapy and by placebo. Changes in
immunologic parameters and challenge tests may
be of interest in elucidating mechanisms, but can-
not replace the clinical evaluation (2). The magni-
tude of efficacy is rarely dealt with in clinical
studies. Usually, only data on the statistical signifi-
cance are provided. Of course, a statistically
significant difference between the active group
and the placebo group is critical for the documen-
tation of efficacy, but P values do not, per se,
guarantee the applicability of a specified treatment.
A 10% reduction in drug intake may be statistically
significant, but clinically irrelevant for the patient.
As most DBPC (double-blind, placebo-controlled)
immunotherapy studies provide longitudinal data
on symptom/medication scores, the percentage
reduction of symptom/medication scores in the
actively treated group as compared with the placebo
group could be used to calculate the magnitude of
clinical efficacy.

461

820



Malling

Efficacy is estimated by mean symptom/medica-
tion scores or by measuring the AUC (area under
the curve) of symptom/medication scores as com-
pared with time for the active group and the
placebo group, respectively. The magnitude of
improvement induced by active treatment is calcu-
lated as the percent reduction of disease severity
compared with placebo treatment (Fig. 1). In com-
bination with the statistical evaluation of the dif-
ference between active and placebo treatment, this
gives useful information on the degree of efficacy.
This concept represents a very conservative esti-
mate of efficacy, as only the additional effect,
compared with the possible beneficial effect of
placebo treatment (optimal care and adjustment of
drugs), is taken into consideration. In daily life, this
estimate gives a realistic depiction of the applica-
bility of the treatment.

An arbitrary grading of the magnitude of efficacy
could be as follows:

1) no efficacy (symptom/medication scores improved
by <30%)

2) low efficacy (improvement 30-44%)

3) moderate efficacy (improvement 45-59%)

4) high efficacy (improvement of 260%).

Of course, this grading is arbitrary and contro-
versial, but, in daily clinical practice, it is more
operational than statistical P values. Compared
with the efficacy of drug treatment of allergic
diseases, the grading seems sensible. A symptom/
medication score amelioration of <30% does not
seem to justify a treatment involving a potential
risk of side-effects, and will probably not be
considered worthwhile by patients. Most studies
provide data on a combined symptom/medication
score and do not involve logistic problems. The
interpretation of studies presenting separate data
on symptom scores and medication scores may be
distorted, due to the relative “weight” of these
parameters. Improvement in symptoms and no
change in drug scores, or vice versa, still represent
an improvement of the total disease severity.
Problems arise when symptoms and drug score
show discordant changes. In these cases, it must
be concluded that no significant and indisputable
clinical efficacy has been induced by the treat-
ment.

Inclusion of studies for the evaluation of
clinical efficacy

The documentation of the clinical effect of injec-
tion immunotherapy is based on 43 DBPC rhinitis
studies and 25 DBPC (16 providing symptom/
medication scores) asthma studies, published since
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1980, obtained by literature search (MEDLINE);
it includes only peer-reviewed full papers in English.
The reason for including only studies published
after 1980 is that this was the period of a more
general use of adequately standardized extracts.
Allergen extracts are provided by various allergen
producers, who apply different methods of stand-
ardization, and no attempts to validate the quality
of the extracts used have been made. It is assumed
that international guidelines for allergen standard-
ization and manufacturing have been followed in
most studies (4). Different formulations of allergen
extracts have been used. Most studies use native
aqueous or slow-release extracts, but some studies
investigate the efficacy of chemically or physically
modified allergoids. Comparing the doses of aller-
gen extracts administered is not possible, as, in
most studies, the potency is given only in arbitrary
units designed by the manufacturer, which do not
provide relevant information on potency or com-
position. As the allergen extracts and dosage regi-
mens are those recommended by the manufacturer,
the usefulness of the allergen extract is based on
presented data. In most studies, the duration of
treatment was rather short; i.e., a few months. The
treatment was rarely continued more than 1 year.
The rather short duration of treatment may be
related to some studies using preseasonal immuno-
therapy. The duration of treatment was not consid-
ered when analyzing the documentation of clinical
efficacy, although it is well known that the efficacy
of immunotherapy improves with the duration of
treatment.

Clinical efficacy of immunotherapy in
rhinitis

Some characteristics of rhinitis studies included in
this review (5-47) are summarized in Table 1. Most
immunotherapy studies investigated the efficacy of
pollen allergies. These studies can be subdivided
into 13 studies (5, 7, 9, 11, 12, 15, 17, 19, 22, 32, 35,
36, 39) investigating ragweed allergy (nine showing
clinically relevant efficacy, i.e., symptom/medica-
tion scores diminished by 230% in the actively
treated). Fifteen studies investigated the efficacy of
immunotherapy in grass-pollen allergy (8, 13, 16,
18, 20, 21, 23, 25, 30, 34, 37, 38, 40, 44, 47), of
which 14 proved efficacy. Nine studies investigated
other pollen allergens: mountain cedar (10, 27, 29),
Parietaria (42, 43, 46), Cupressus (45), Cocos (41),
and mixtures (6); efficacy was demonstrated in six.
The efficacy of house-dust-mite immunotherapy
(14, 24, 26, 28, 33) was based on five studies (three
showing efficacy). In mold allergies, efficacy was
documented in one study investigating Alternaria
(31). In the case of animal dander, no study in
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Symptom score
AUC active/placebo: 39%
Clinical efficacy: 61%

Fig. 1. Magnitude of clinical efficacy visualized by measuring
area under curve (AUC) of immunotherapy group (darkly
shadowed area) in percentage of placebo group (lightly shad-
owed area). Median symptom score and medication score of
immunotherapy group amounted to 39% and 28%, respec-
tively, of placebo-treated groups, resulting in mean total
improvement (reduction) in symptom/medication score of 67%
by active treatment. Dotted line represents grass-pollen counts.
Clinical data adapted from Varney et al. (38).

patients with exclusively rhinitis symptoms has
been done.

In the 43 DBPC rhinitis immunotherapy studies
published since 1980, no efficacy was documented
in 10 studies, low efficacy in 13 studies, moderate
efficacy in 14 studies, and high efficacy in six studies
(Fig. 2). The mean clinical improvement was a 45%
reduction in symptom/medication scores compared
with placebo. The best results were obtained in
grass-pollen immunotherapy. Immunotherapy in rag-
weed allergy is fairly well documented, although
the magnitude of efficacy is modest. The clinical
efficacy of immunotherapy, based on DBPC studies,
with other pollens, house-dust mite, animal dander,
and molds is insufficiently documented. Further-
more, it has to be noted that most of the studies
documenting efficacy have been performed in adult
patients (75%). Only eight studies have involved
children, so that the evidence of the beneficial

Clinical efficacy of immunotherapy

effect of immunotherapy in this particular age
group is limited.

Clinical efficacy in asthma

The characteristics of studies evaluating immuno-
therapy in asthma (37, 48-62) by symptom/medi-
cation scores are shown in Table 2. The efficacy of
grass-pollen immunotherapy has been investigated
in six studies (37, 48, 52, 54-56) and documented
in five. Mite immunotherapy was investigated in
four studies (49, 57, 60, 62) with documented
efficacy in two of these. Among animal danders,
cat allergen is the only one showing efficacy in both
studies (58, 61), as one dog study did not document
efficacy (53). With respect to molds, one out of two
Cladosporium studies documented efficacy (50,
51). In DBPC asthma studies assessing efficacy on
bronchial challenge (BPT) or exposure tests (63,
71) (Table 3), one grass-pollen study noted a
reduction in BPT sensitivity (68), as was also the
case for one out of three mite studies (65, 70, 71).
Five studies have investigated the efficacy of cat
and/or dog immunotherapy (63, 64, 66, 67, 69), and
three documented a reduction in challenge test or
improvement in exposure tests. A recently pub-
lished study investigating the effectiveness of
immunotherapy in children (72) was excluded from
this review because mixtures of allergens were
used. The study did not document efficacy, indicat-
ing that the concept of mixing allergens may not
prove useful.

According to the 16 asthma studies providing
symptom/medication scores, the grading of efficacy
showed no efficacy in five studies, low efficacy in
three studies, moderate efficacy in four studies, and
high efficacy in four studies (Fig. 3), with a mean
efficacy of 40% reduction in disease severity of
active treatment compared with placebo. The
results indicate that immunotherapy is effective in

DBPC rhinitis studies providing symptom/medication scores

ez _A

No efficacy Low efficacy

Moderate efficacy

High efficacy

f’ig. 2. Magnitude of clinical efficacy in DBPC rhinitis immunotherapy studies published in 1980-97, graded as no efficacy (<30%
Improvement), low efficacy (30-44% improvement), moderate efficacy (45-59% improvement), and high efficacy (260%

improvement).
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DBPC asthma studies providing symptom/medication scores

No efficacy Low efficacy

Moderate efficacy

|
|
|
|
|

High efficacy

Fig. 3. Magnitude of clinical efficacy in DBPC asthma immunotherapy studies published in 1980-97, graded as no efficacy (<30%
improvement), low efficacy (30-44% improvement), moderate efficacy (45-59% improvement), and high efficacy (260%

improvement).

grass-pollen-induced asthma and in asthma caused
by cat. The efficacy of mite immunotherapy is less
convincingly documented, probably because it
included patients with irreversible disease and
there was difficulty in clearly identifying patients
with primarily mite-induced asthma. The efficacy
of mold asthma is based on a single study. No
studies have shown efficacy of immunotherapy in
dog allergy. In the case of asthma, several studies
done in children indicate that immunotherapy may
be of value in this age group.

Efficacy compared with drugs

Critical questions that arise when discussing the
clinical applicability of immunotherapy in inhalant
allergies concern efficacy in relation both to opti-
mal pharmacologic treatment (topical or inhaled
corticosteroids) and to the justification for treat-
ment implying a potential risk of inducing life-
threatening systemic reactions in patients suffering
from mostly rather harmless, but inconvenient dis-
eases. No studies using an appropriate allergen
extract have investigated efficacy in comparison to
topical steroids. The efficacy of immunotherapy in
the rhinitis study by Varney et al. (38) is of special
interest, as this study showed a reduction in symp-
toms and the use of drugs in actively treated
patients to about one-third of the level in the
placebo group in patients with severe hay fever
uncontrolled by standard pharmacotherapy, inclu-
ding antihistamines and intranasal corticosteroids.
The efficacy of immunotherapy in many studies was
higher than for results obtained by antihistamines
(73) and equivalent to the reduction in clinical
symptoms obtained by standard doses of intranasal
or inhaled corticosteroids (74-80). In asthmatic
patients (77), the total symptom score after 1 year
of treatment with inhaled corticosteroids was
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reduced by 10% (nonsignificant), and another
study (80) showed a reduction in symptoms by
25%. The dose-response curve for inhaled cortico-
steroids was extremely flat. During an 8-week
observation period, the placebo-treated group ex-
perienced a nonsignificant deterioration from the
baseline of —0.1 score points (on a scale of 0-3),
while significant improvement was observed in the
actively treated group. The group receiving a daily
dose of 50 pg fluticasone improved by 0.14 in score,
the 200-pug group by 0.21, and the 1000-pg group
by 0.22 (78).

Side-effects

The risk of inducing systemic side-effects is the
principal argument against immunotherapy. It is
important to distinguish between annoying, but
harmless reactions such as rhinitis, asthma, and
urticaria responding well to treatment, and severe
life-threatening anaphylactic reactions (2). Deaths
have been caused by immunotherapy (81), and
although most deaths were due to ignoring safety
instructions and, especially, inadequate early treat-
ment of anaphylactic shock, they serve as a warning
not to perform immunotherapy without strict
monitoring of safety (82). Nonspecific reactions,
such as excessive tiredness and headache, and
extremely rare symptoms consistent with immune
complex disease have been reported. It has been
shown that the risk of inducing anaphylactic sys-
temic reactions is smaller in hay fever patients than
in asthmatics (83). The rate of severe systemic
reactions in rhinitic patients treated with high
potency extracts is approximately 5% of the injec-
tions (84), primarily in the dose-escalation phase
(2). However, systemic reactions represent a
general limitation in the use of immunotherapy;
therefore, the indication and possibly also the
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Systemic side-effects
(% patients)

21%

19%

31%

AX 6%

23%

No

Clinical effect**
M 40% improvement

S 50% improvement

m?
S 60% improvement

PL 20% improvement

IT 80% improvement
No efficacy

70% improvement

Significance
<0.001

NS

NS

<0.001
$<0.001
M<0.05

PL
14
24
14
15

No. of patients

14
29
16
17

13

Maximum dose*
MD 132 ug Feld 1
ICD 170 pug Feld 1
MD 10pugAmbal
MD 1000 000 SQ
MD 15ug Feld 1
MD 7ugDerp 1

Duration
(months)
12
24
12
12
12

Type of extract

Aqueous
Aqueous
Aluminum
Aluminum
Aluminum

Allergen
Cat
Ragweed
Mite
Cat
Mite

adults,
children)
A
A

A
A

Age group

(A
c

1996
1997
1997
1997

IT immunotherapy group; PL: placebo-treated group; S: symptom score; M: medication score; A: asthma; AE: angioedema; AX: anaphylaxis; U: urticaria - stated as percentage of patients with systemic reactions.

** Estimated by AUC of symptom/medication score during allergen season; mean symptom/medication score in immunotherapy vs placebo group; improvement from pretreatment monitoring period.

Only studies providing data on indication, appropriate randomization, blinding of placebo, and statistical analysis are included.
* Allergen doses are stated as maximal dose (MD) and, if possible, as cumulative dose (CD). Different potency units make comparison impossible.

Table 2. cont. DBPC asthma immunotherapy studies 198097 providing symptom/medication scores

# More than one systemic reaction in individual patients.

Author/year of publication
Alvarez-Cuesta et al. (58) 1994
Pickler et al. (60)

Oisen et al. (62)

Creticos et al. (53)
Varney et al. (61)

g

practical treatment have to be performed by a
specialist who is aware of the risks of immuno-
therapy, and who can deal with systemic reactions
(2). ;

Analysis of the frequency of systemic side-effects
in the 68 papers included in this review (Tables 1-
3) showed that 15% of the papers failed to supply
information on this extremely important aspect of
immunotherapy. In the remaining studies, systemic
side-effects were recorded to a highly varying
degree. Fifteen papers (26%) report that no sys-
temic side-effects were elicited by injection of
allergens. Systemic side-effects of varying degree
of severity were observed in 24% (mean value) of
the patients. Most of the reactions were mild,
requiring either no treatment or only minor treat-
ment. However, a few reactions were rather severe,
including anaphylaxis necessitating the administra-
tion of epinephrine. The data on systemic side-
effects do not indicate that some allergen species,
types of extracts (aqueous, depot, or modified), or
dosage regimens result in a higher frequency of
side-effects than others.

Conclusion

Based on both the number of DBPC studies and
the number of patients included in these studies,
the clinical efficacy of immunotherapy in rhinitis
and asthma, when potent and standardized extracts
were applied in carefully selected patients, was well
documented. Although some studies demonstrated
no or a low degree of clinical efficacy, most dem-
onstrated efficacy equivalent to that obtained with
pharmacologic treatment. Immunotherapy has the
potential to reduce symptoms and the need for
drugs significantly, and, furthermore, possibly to
prevent progression into more severe disease. The
most important aspect in successful immuno-
therapy is to select those patients most likely to
respond adequately. This means identifying
patients with symptoms primarily induced by aller-
gens, patients with sensitivity to a single allergen
or a few allergens, and young patients without
chronic irreversible changes in the airways. To meet
these requirements, the indication for immuno-
therapy should be made by an allergist.

Systemic side-effects induced by immunotherapy
represent the primary argument against this type
of specific treatment of allergic diseases. Although
severe anaphylactic reactions may be induced, the
risk of life-threatening side-effects is low. Most
systemic reactions are rather mild, requiring no or
minor treatment. To minimize the risk of side-
effects, the patient should be assessed carefully, and
the appropriate dose decided before the injection
is given. Meticulous care should be taken to avoid
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mistakes involving patients, allergen extracts, aller-
gen concentration, and volume injected. Adequate
training of the staff administering immunotherapy
and instantaneous and appropriate treatment of
systemic reactions will reduce the problem of side-
effects.
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