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afety and efficacy of radioallergosorbent test-based
llergen immunotherapy in treatment of perennial allergic

hinitis and asthma
IAN HIAN YEOH, MD, DE YUN WANG, MD, PHD, and BRUCE R. GORDON, MD, Singapore, Cambridge, Boston,

nd Hyannis, Massachusetts
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BJECTIVE: This study was undertaken to demon-
trate the safety and efficacy of in vitro, radioaller-
osorbent test (RAST)-based inhalant allergen im-
unotherapy.

TUDY DESIGN AND SETTING: Prospective 22 year
ingle site clinical study, with outcome evaluations
f 480 perennial allergic rhinitis patients, including
6 with concomitant asthma.
ESULTS: Rhinitis symptom control after 2 years of

mmunotherapy was excellent in 32.5% of patients,
ood in 45.6%, and fair in 14.2%. There was no

mprovement in 7.7%. For patients with asthma, 81%
ad good or excellent pulmonary symptom im-
rovement, and no patient failed to improve. No
evere reactions occurred, but there were 5 limited
ystemic reactions, or 0.008% of injections, during a
.5-year mean immunotherapy treatment course.
ONCLUSION: RAST-based immunotherapy is safe
nd effective for patients with perennial allergic

hinitis, with or without concomitant asthma.
IGNIFICANCE: This is the first large, multiyear study
f safety and efficacy of RAST-based immunother-
py for treatment of perennial allergic rhinitis and
sthma. EBM rating: C. (Otolaryngol Head Neck
urg 2004;131:673-8.)

llergic rhinitis is a common worldwide disease that
ignificantly impairs a patient’s quality of life.1,2 Dur-
ng the last few years, international guidelines have
ecommended that the management of allergic rhinitis
nclude a step care approach of allergen avoidance,
harmacological treatment, and immunotherapy.3-8 Al-
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ergen immunotherapy is the administration of gradu-
lly increasing quantities of allergen extracts to an
llergic subject, ultimately reaching a dose range that is
ffective in ameliorating the symptoms associated with
ubsequent exposure to the causative allergens. In
998, a World Health Organization position paper
tated that immunotherapy was the only treatment that
ight affect the natural course of allergic diseases, and

t also might prevent the subsequent development of
sthma in allergic rhinitis patients.7 However, in many
llergic rhinitis patients, allergic asthma is already a
linical problem at the time of initial treatment. Thus,
valuation of treatments for allergic rhinitis should also
nclude assessment of the treatment effects on asthma,
hen this is present.
A major clinical decision when using immunother-

py is to identify safe initial treatment doses. In vitro
esting, using the modified radioallergosorbent test
RAST) scoring system, is a dependable method for the
etermination of initial immunotherapy doses.9 A ma-
or advantage of this technique is that it allows the
hysician to select initial immunotherapy doses that are
s concentrated as possible, but still safe, by using the
odified RAST (mR) classes as accurate indicators of

llergen-specific IgE levels in each patient. Because
AST testing quantifies specific IgE levels for each
llergen, the physician can select safe initial immuno-
herapy doses for each antigen independently. When
he degree of sensitization is low to moderate, immu-
otherapy is started at high allergen concentrations,
hereby reducing the time and number of injections
eeded until effective doses are achieved. When high
ensitivity exists, immunotherapy is started at appropri-
tely cautious low allergen concentrations. When sen-
itivity to different antigens varies significantly, mR
lass results can be used to select initial treatment doses
or each antigen in inverse proportion to the identified
egree of sensitivity. Immunotherapy can then be ad-
anced without the risk of reactions caused by high
ensitivity allergens preventing the advancement of low
ensitivity allergen treatment. This paper summarizes
ur experience with immunotherapy in a large number
f patients with RAST-determined, IgE-mediated al-

ergy.
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ATERIALS AND METHODS
atients and Testing

During 1978 to 2000, 480 patients with perennial
llergic rhinitis, with or without asthma, were treated
ith immunotherapy at the ENT and Allergy Clinic,
ingapore. Ninety-six patients had concomitant asthma
20%), and 10 had eczema (2%). There were 336 males
nd 144 females, aged from 4 years to 62 years (mean
ge, 22.9 years). Each person’s degree of reactivity to
ommon tropical inhalant allergens was measured by
R, using a Hycor PSP 5052, with Hytec CE-version

.0 software (Tecan Group Ltd., Seestrasse 103,
aennedorf, Switzerland, CH-8708). In vitro results
ere reported as classes 0, 0/1, and 1 to 5. For this

eport, results of 0/1 and 0 were combined. The test
anel included: Dermatophagoides pteronyssinus (Der
), Dermatophagoides farinae (Der f), Bermuda grass
Cynodon dactylon), Aspergillus fumigatus, short rag-
eed (Ambrosia artemisifolia), cockroach (Blatella
ermanica), and dog and cat, if patients had these pets
t their home. All patients were educated with detailed
nformation about immunotherapy, including benefits
nd risks, and a verbal consent for treatment was ob-
ained from each.

llergen Extracts
For each patient, all antigens with a positive mR

esult of class 1 or greater were treated, provided that
t least 1 antigen was mR class 3 or greater. For
atients with a positive mR to both Der p and Der f,
oth mites were treated. Immunotherapy antigens for
ach patient were combined in a single treatment
ial, which was refrigerated, and outdated after a
aximum of 4 months. Commercial allergen ex-

racts, 1:20 weight/volume in 50% glycerin (Merid-
an/ALK-Abello, Inc., 1700 Royston Lane, Round
ock, TX), were sequentially diluted 5-fold with
henolated normal saline to prepare solutions from
hich immunotherapy treatment vials would be
ade (Table 1). For all antigens in which standard-

able 1. RAST-based initial immunotherapy doses

Modified
RAST class IgE IU/mL

Allergen
concentration

(w/v) for
initial

treatment

0 Negative No treatment
1 0.08–0.15 1:2,500
2 0.15–0.50 1:12,500
3 0.50–2.50 1:62,500
4 2.50–12.5 1:312,500
5 12.5–62.5 1:1,562,500
zed allergen extracts have replaced nonstandardized t
xtracts, standardized allergens were used at the
ighest available concentration.

mmunotherapy Treatment
The initial treatment dose for each reactive anti-

en was prepared at an antigen concentration corre-
ponding to 2 dilutions less concentrated than the
pecific mR class for each antigen (Table 1). Patients
ere routinely advised to avoid their positive aller-
ens, and especially to eliminate house dust from
heir living environments. Patients were observed at

medical office for at least 30 minutes following
very allergen injection. However, a longer waiting
eriod was required for patients who showed any
arly signs or symptoms of adverse reaction. In all
ases, before initiating treatment from a new treat-
ent vial, a 0.01-mL intradermal safety vial test

njection was performed.
One week after an acceptable sized vial test, an

nitial 0.05 mL treatment dose was given subcutane-
usly, then escalated by 0.05 mL for the second dose,
nd then by 0.1 mL at weekly intervals to reach 0.5
L. Escalation was then continued with treatment

ial 2, 5-fold more concentrated, then with vial 3,
5-fold more concentrated than the first vial, until
ymptoms were relieved, or a dose of 0.5 mL from
ial 3 was reached. Upon reaching this usual maxi-
um dose, the few patients without a treatment re-

ponse were evaluated for other possible allergies,
ncluding food allergies, and, in some instances, fur-
her dose escalation was performed until the optimal
aintenance dose was determined. In patients who

ad not yet reached the expected maximum dose, but
eveloped a large local reaction �25 mm in diame-
er, the dose was temporarily reduced to previously
olerated levels. If repeated attempts to advance the
ose further were unsuccessful, the maximum dose
roducing less than a 25-mm zone of induration was
sed as the maintenance dose. Weekly treatment was
ontinued for from 1.5 to 2 years, and then the
nterval was usually extended to 2 weeks if the
atient continued to do well. Immunotherapy was
ormally stopped after 3 to 5 years.

ymptom Response Assessment
Histories of allergic and all other medical symp-

oms were obtained from each patient at the initial
isit, and complete head and neck examination was
erformed. Diagnoses of asthma and eczema were
onfirmed by pulmonary or dermatology specialists.
resence and severity of up to 4 major allergic rhi-
itis symptoms were recorded for each patient and
ntered into a computer database. Most patients had

ypical symptoms including obstruction (76%), rhi-



n
a
u
w
m
t
t
n
u
c
t
p

D

l
u
S
t
d
s
s

R
I

fi
(
t
c
t
o
p
1
t
o
f
a

T
a
w
m

C

e
7
i
t
m
(

T

m
o
u
n
2
s
t
t
p
c
i

D

p
2
0
s
a
m
2

T
(

*

†

Otolaryngology–
Head and Neck Surgery
Volume 131 Number 5 YEOH et al 675
orrhea (66%), sneezing (45%), itchy eyes (12%),
nd cough (11%). Follow-up evaluations were sched-
led at 3-month intervals. During each visit, patients
ere asked to assess the combined percent improve-
ent in all of their major allergic symptoms. More

han 70% improvement was rated as excellent, 50%
o 70% as good, less than 50% as fair, and 0% as
one. Asthma symptoms were separately evaluated,
sing the same rating scale. Dropouts, patients who
ompleted less than 6 months of build up, or less
han 2 years of total immunotherapy with no im-
rovement, were counted as immunotherapy failures.

ata Analysis
Statistical tests were carried out 2 -tailed at the 5%

evel of significance. The calculations were performed
sing SPSS/PC for Windows, release 10. 0.5 (SPSS
cience, Chicago, IL). The �2 test was used to evaluate

he relationship between symptom improvement and
uration of immunotherapy treatment, and the relation-
hip of high mR classes for dust mites to degree of
ymptom improvement.

ESULTS
ncidence of Allergic Sensitivity

Atopy to house dust mites was the most prevalent
nding, with a positive mR class in 98% of patients
Table 2), followed by Bermuda grass, with 50% of
ests positive. Aspergillus fumigatus and German
ockroach were each positive in approximately one
hird of patients, and other allergens tested positive
nly rarely. Thirty-six percent of patients had only 1
ositive RAST test, 24% were positive to 2 allergens,
6% to 3 allergens, and 24% were sensitive to more
han 3 antigens. Most mR classes were low (class 1
r 2), except for mites, for which more than three
ourths of patients were high sensitivity (class � 4),

able 2. Percent of positive RAST test results for eac
n � 480, 100%)

Tested allergen 0 1

Der p 3 2
Der f 5 1
Bermuda grass 50 22
Aspergillus flavus 71 22
Cockroach 64 21
Short ragweed 96 2
Dog* 30 15
Cat† 26 7

n � 66 patients tested.

n � 31 patients tested.
nd the mean mR class for both mite species was 4.2. c
he sensitivity pattern for asthmatics (Table 3) was
lmost identical to that for the entire population, but
ith an even greater prevalence of high sensitivity
ite allergy.

linical Response
Table 4 shows that 78% of patients showed good or

xcellent rhinitis symptom improvement, whereas
.7% of patients, including dropouts, did not respond to
mmunotherapy treatment. Among the subset of pa-
ients with asthma, all 96 patients had improved pul-
onary symptoms, and 81% were good or excellent

Table 5).

reatment Dropouts
Twenty-six patients (5.4%) dropped out of treat-

ent. The reason for discontinuing treatment was most
ften because of inability to follow the treatment sched-
le. Treatment results, at the time of stopping immu-
otherapy, were fair in 8, good in 12, and excellent in
. Patients who stopped treatment all had antigen sen-
itivities similar to those of patients who continued with
reatment. Of these 26 patients, 4 had no apparent
herapeutic benefit before they stopped treatment, but 1
atient restarted treatment after an 8-month lapse be-
ause his asthma, but not his rhinitis, did improve on
mmunotherapy.

uration of Therapy
The duration of immunotherapy (Table 4), for all

atients, ranged from 3 months to 10 years (mean,
.49 years). There was a highly significant (P �
.0001) relationship between degree of rhinitis
ymptom improvement and duration of immunother-
py. Most patients with no, or only fair, improve-
ent stopped immunotherapy treatment in less than
years, whereas patients with more improvement

rgen in rhinitis patients, by sensitivity class

Modified RAST class

2 3 4 5

5 11 41 38
5 11 38 40

15 6 5 2
6 1 0.2 0

10 4 1 0.2
0.6 1 0.4 0.2

27 15 12 0
19 13 25 10
h alle
ontinued with immunotherapy for up to 10 years
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efore they were willing to discontinue injections. It
s known that immunotherapy results continue to
mprove for several years,10 but, it is equally likely
hat patients who were having greater benefits were

ore inclined to continue with therapy, despite it’s
nancial impact and inconvenience.

ntigen Sensitivity
Table 6 shows that patients with house dust mite

llergy of all degrees of sensitivity respond equally well
o immunotherapy treatment. There was a nonsignifi-
ant trend (P � 0.08) for patients with high dust mite
R classes � class 4 to have a higher percentage of

ood or excellent symptom improvement. The small

able 3. Percent of positive RAST test results for eac
n � 96, 100%)

Tested allergen 0 1

Der p 3 2
Der f 3 3
Bermuda grass 48 20
Aspergillus flavus 64 29
Cockroach 54 29
Short ragweed 97 1
Dog 77 6
Cat 88 0

able 4. Rhinitis symptom improvement and mean
uration of immunotherapy (n � 480, combined
ean � 2.49 years)

Symptom
improvement

Patients
(%)

Immunotherapy
mean

duration (y)

None 37 (7.7) 1.40
Fair 68 (14.2) 1.63
Good 219 (45.6) 2.18
Excellent 156 (32.5) 3.57

able 5. Asthma symptom improvement and
ean duration of immunotherapy (n � 96,

ombined mean � 2.86 years)

Symptom
improvement

Patients
(%)

Immunotherapy
mean

duration (y)

None 0 (0) –
Fair 18 (19) 1.4
Good 41 (43) 2.5
Excellent 37 (38) 3.9
inority of patients reacting to only non-mite allergens i
ad similar improvement to those with dust mite al-
ergy. Three of 14 were nonresponders, 1 had a fair
esponse, and 10 (71%) had good or excellent thera-
eutic results.

reatment Side Effects
Immunotherapy side effects were infrequent. Less

han 5% of patients developed large local reactions
xceeding 2.5 cm at the injection site. These all re-
ponded to dose reduction. Limited systemic reactions
ccurred in 5 patients (1%) between 20 and 60 minutes
fter injection (Table 7), 1 during the build-up phase,
nd 4 at the beginning of maintenance dose treatment.
hree of the 5 patients were asthmatic. There were no
ther risk factors identified. All patients recovered after
ffice medical treatment. Three patients were each
reated with 1 injection of subcutaneous epinephrine
nd 1 injection of intramuscular hydrocortisone. The
ther 2 patients received only an oral antihistamine.
his is a rate of systemic reactions per injection of 1 in
2,400, or 0.008%, which is a low rate, substantially
etter than most other reports, and comparable with
eports in which immunotherapy is based on quantita-
ive testing methods.11 These 5 patients all continued
heir immunotherapy after a decrease in their treatment
oses, and had no further reactions.

ISCUSSION
Immunotherapy is one of the main treatment options

or IgE-mediated inhalant allergy. Allergens for which
mmunotherapy has proven to be effective include tree,
rass, and weed pollens; house dust mites; cat, and
olds.8 There have been over 43 double-blind, place-

o-controlled studies of immunotherapy for allergic
hinitis, with a mean reduction of symptom or medica-
ion scores of 45% above the level of placebo effects.12

mmunotherapy has also proven effective in treatment
f asthma.13

We have previously reported that perennial rhinitis

rgen in asthma patients, by sensitivity class

Modified RAST class

2 3 4 5

3 5 28 58
3 6 28 56

22 5 2 3
6 1 0 0

11 5 1 0
1 0 0 1
9 5 3 0
0 6 6 0
h alle
s the most prevalent type of rhinitis in Singapore,14
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here, because of the tropical climate, house dust mites
re the most common aeroallergen.15 Because patients
ith perennial allergies must be treated during the

ntire year, data from this current study are important,
earing on choice of treatment decisions, and the sub-
equent effects on both patient outcomes and costs of
herapy. Immunotherapy has been considered by some
o be more likely to be effective for patients who are
llergic to seasonal allergens than for those who have
hronic nasal disease as a result of perennial allergens.7

ut, there is scant data on the efficacy of immunother-
py in patients with perennial allergic rhinitis, espe-
ially that as a result of persistent house dust mite
xposure. In 1 of the few publications, Ohashi et al16

ave shown that long-term mite immunotherapy is su-
erior to pharmacologic treatment, especially for
hronic nasal congestion relief. Perennial mite allergies
ave also been strongly incriminated in causation of
ropical asthma attacks.17

The current immunotherapy study included 480 pa-
ients, 384 with only perennial allergic rhinitis, and 96
ith both perennial rhinitis and asthma. House dust
ite sensitivity was present in 98% of these patients,

nd was the primary allergic problem for most. At 2
ears into their immunotherapy treatment, 78% of these
atients showed greater than 50% rhinitis symptom
eduction, and patients with all degrees of mite sensi-
ivity benefited from treatment. Also, 81% of patients
ith concomitant asthma had a similarly high degree of

able 6. Symptom improvement by specific IgE leve

Modified
RAST class Patients None

1 8 2
2 15 2
3 35 5
4 159 12
5 249 13

able 7. Symptoms observed during systemic
eactions occurring in 5 of 480 immunotherapy
atients

Symptoms

Number
of

patients
(n � 5)

Time after
injection

(min)

Urticaria or rash 5 20–60
Chest tightness 3 30–60
Throat tightness 1 20
Periocular edema 1 30
ulmonary symptom improvement. There was a trend w
P � 0.08) for patients with mite mR classes greater
han class 4 to have a higher percentage of good or
xcellent symptom improvement. This is an expected
esult, because more than three fourths of patients had
mite mR class of greater than class 4, and therefore
ere receiving maintenance immunotherapy doses
ithin the range known to be both clinically and im-
unologically effective.10 However, immunotherapy

ontinues to show further symptom improvement with
ime and total cumulative antigen dose. At 2 years into
mmunotherapy, when these patients were evaluated,
hey had not yet reached their maximum potential im-
rovement, so that some trend of greater efficacy at
igher doses could be anticipated. Also as expected,
here was a highly significant (P � 0.0001) relationship
etween degree of symptom improvement and duration
f immunotherapy. In fact, we found that most patients
ith poor responses to immunotherapy stopped their

reatment within 1.5 years. A significant therapeutic
esponse to immunotherapy was observed in most pa-
ients who received immunotherapy for at least 2 years
r more, thus we agree with Ohashi et al,16 that at least
his duration of treatment is essential to immunotherapy
fficacy.

In a pilot study of mite immunotherapy on allergic
hinitis patients, Ewan et al18 showed both reduced
asal symptoms and increased resistance to nasal chal-
enge after 3 months of immunotherapy. Subsequently,
heir group showed efficacy of mite immunotherapy in
0 patients, with both decreased symptoms and in-
reased resistance to conjunctival challenge, but these
atients had 13 systemic reactions, a rate per injection
f 2.5 %.19 Ohashi et al20 also found a significant
.12% systemic reaction rate per injection in 386 pa-
ients treated for up to 5 years with mite immunother-
py. Since the technique of allergen immunotherapy
as introduced in early twentieth century, anaphylaxis
as always been the major risk. Besredka and Stein-
ardt21 concluded that the problem was not that immu-
otherapy was inherently dangerous, but rather, immu-
izing too rapidly or with too large a dose of allergen

atients with dust mite allergy (n � 466)

Degree of Symptom Improvement

Fair Good Excellent

0 5 1
3 4 6
2 19 9

22 73 52
40 109 87
l in p
as risky. Therefore, strict attention must be paid to
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isk factors and management techniques to minimize
erious reactions.7,10,11,20

In this study, by use of RAST testing, a moderate
scalation schedule, and an optimum maintenance treat-
ent dose, injection site large local reactions occurred in

ess than 5% of patients. True systemic reactions to im-
unotherapy were very rare, occurring in only 5 (1%) of

atients, during a mean immunotherapy treatment course
f 2.5 years. All reactions were successfully treated in the
ffice, and all patients continued with therapy following
ose adjustment. The risk of systemic reaction per injec-
ion was calculated to be 0.008%, essentially identical to
he rate reported for immunotherapy based on intradermal
ilutional skin testing, another quantitative testing meth-
d..11 The very low frequency of systemic reactions ob-
erved in the current study is likely a result of 4 factors.
irst is the use of RAST testing, which utilizes the mR
lass to independently select a safe and effective initial
mmunotherapy dose for each antigen. This minimizes
eactions due to beginning immunotherapy at an exces-
ively high dose. Second, a moderate dose escalation
chedule was used, so that even co-seasonal antigen ad-
inistration was gradual enough to minimize the risk of

xacerbating existing allergy symptoms. Third, RAST
esting also identifies when allergens differ greatly in their
egree of sensitivity, so that these can be treated with
ifferent allergen doses in the preparation of immunother-
py treatment vials.22 Less sensitive allergens are dosed at
high antigen concentration, whereas highly sensitive

llergens are given at a dilute concentration, and this
bility to tailor the antigen mix for multi-antigen treatment
ials helps to reduce reactions caused by unanticipated
igh sensitivity antigens. Finally, use of the optimum
ose, rather than the maximum tolerated dose, for main-
enance immunotherapy significantly reduces the risk of
aintenance dose reactions, since there is less chance of
uctuating environmental antigen levels adding to the
lightly lower immunotherapy dose to exceed the symp-
om-producing threshold.

ONCLUSIONS
This large prospective clinical study of modified

AST-based immunotherapy demonstrates both an excel-
ent safety profile and good clinical efficacy in patients
ith perennial allergic rhinitis with or without asthma.
se of a quantitative testing technique can be helpful to

linicians and patients by predicting the potential for
trong reactions to immunotherapy, and by allowing indi-
idualized treatment doses tailored to each patient’s spe-
ific levels of allergen sensitivities. The result is an effec-

ive and safe immunotherapy treatment program.

2
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