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Allergic rhinitis can be associated with bronchial hyperresponsive-
ness (BHR), and carries an increased risk for the development of
asthma. The aim of this study was to evaluate the ability of specific
immunotherapy (SIT) to reduce the progression of allergic rhinitis
to asthma and prevent the associated increase in BHR. Forty-four
subjects monosensitized to Dermatophagoides pteronyssinus, with
perennial rhinitis and BHR to methacholine, were randomly as-
signed to receive SIT or placebo in a double-blind study conducted
over a period of 2 yr. After 1 yr of treatment, a 2.88-fold increase
in the provocative dose of methacholine producing a 20% de-
crease in FEV, (PDyFEV,) was recorded in the SIT-treated group
(95% confidence interval [Cl]: 3.98- to 2.09-fold; p < 0.001), with
a further increase to fourfold at the end of Year 2 (95% Cl: 2.9- to
5.7-fold; p < 0.001). At the end of the study, the methacholine
PDFEV, was within the normal range in 50% of treated subjects
(p < 0.0001), and was significantly higher in this group than in the
group receiving placebo (p < 0.0001). In contrast, no changes in
methacholine PD,FEV, were found in the placebo group throughout
the study. Although 9% of subjects given placebo developed
asthma, none of those treated with SIT did. This study suggests
that SIT, when administered to carefully selected, monosensitized
patients with perennial allergic rhinitis, reduces airway responsive-
ness in subjects with rhinitis, and may be an appropriate prophy-
lactic treatment for rhinitic patients with hyperreactive airways.

Allergic rhinitis is one of the most common chronic diseases of
both children and adults, and is often associated with other
atopic diseases such as asthma and atopic dermatitis. Bron-
chial hyperresponsiveness (BHR) is considered a hallmark of
bronchial asthma. and has been shown to precede the devel-
opment of asthma in children as well as in adults (1, 2). Evi-
dence from population studies suggests that airway hyperre-
sponsiveness is associated with an accelerated decline in lung
function (3) and with respiratory symptoms (4). It is also rec-
ognized that in a proportion of allergic rhinitic individuals,
bronchial challenge with histamine or methacholine may re-
veal BHR in the absence of any lower airway symptoms (5).
Recent studies have suggested that individuals who have aller-
gic rhinitis are at increased risk for developing asthma (6), and
a long-term follow-up study of atopic individuals has shown
that about 10% of allergic rhinitic patients develop asthma, as
compared with 3.6% of those with no prior history of rhinitis,
and that a further 34 to 50% complain of airway symptoms re-
lated to asthma (7).

The increased risk for asthma developing in rhinitic pa-
tients is believed to be related to the presence of atopy, as de-
fined by skin test reactivity to common aeroallergens, such
that 32% of allergic rhinitic individuals have associated asthma,
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as compared with 14% of nonallergic rhinitic individuals (8).
In a recent 3-yr follow-up study of subjects with BHR to meth-
acholine, further risks for the development of asthma were
identified, including the presence of BHR, with the risk being
related to the degree of responsiveness, the existence of first-
degree relatives with asthma, and a history of virus infection
during the follow-up period (9). The factors that determine the
development of asymptomatic hyperresponsiveness are un-
clear, but conceivably involve genetic susceptibility and sensi-
tization to different types of allergens.

Specific immunotherapy (SIT) is a widely used form of
therapy for allergic diseases. Well-controlled clinical trials have
demonstrated its efficacy in reducing the severity of symptoms
related to allergic rhinitis and conjunctivitis (10). The evi-
dence of its effectiveness in asthma is still controversial (11),
possibly because of the multifactorial nature of chronic asthma
and development of the structural changes referred to as air-
ways remodelling (12), which may not respond favorably to
SIT. However, it is possible that when given prophylactically
to susceptible individuals, immunotherapy may be effective in
preventing the development of asthma rather than reversing
its course once the disease is established (13, 14). To test the
hypothesis that SIT can reduce BHR, we conducted a 2-yr,
double-blind, placebo-controlled trial of SIT involving atopic
rhinitic subjects sensitized to house dust mite. Although these
patients had upper airways disease only, they were deemed to
be at risk of developing asthma on the basis of existing BHR
as determined by methacholine challenge.

METHODS
Study Design

The was a double-blind. placebo-controlled trial lasting 2 yr.in which
the effects of SIT on BHR. serum IgE, and the clinical course of atopy
were investigated in a group of allergic rhinitic volunteers. Upon en-
try ol subjects into the study, a detailed history was taken and a physi-
cal examination, spirometry, and a bronchial challenge with metha-
choline were done. Subjects were then randomized to receive either
active treatment, consisting of increasing doses of allergen extract
given_subcutaneously. followed by monthly maintenance treatment.
or placebo. The clinical effects were evaluated over the entire period
of the study. and all subjects underwent methacholine challenge after
1 yr and 2 yr of treatment.

The study was approved by the local ethics committee, and written
informed consent was obtained from each subject or. in the case of
minors, from their parents.

Subjects

Forty four subjects (23 female and 21 male; mean age: 19 yr, age

- range: 10 to 38 yr) with a documented history of atopic rhinitis were

enrolled into the study (Table 1). All of the subjects were nonsmokers
and had a history of perennial symptoms of rhinitis without seasonal
variations. None reported any symptoms compatible with asthma. and
all had normal lung function tests. All of the subjects had positive skin
prick tests to the house dust mite, Dermatophagoides preronyssinus,
but had negative tests with a series of other common aeroallergens
(trees, grass pollen, dog hair, cat. Olea europea. Parietaria officinalis
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and P. judaica, Aspergillus fumigatus, Alternaria, Candida albicans).
Sensitization to house dust mite was confirmed by the finding of in-
creased titers of specific [gE antibodies to this allergen.

Study Outcome Variables

Measurement of airway responsiveness. FEV|, FVC, and forced expi-
ratory flow from 25% to 75% of FVC (FEF,;_55) were measured with
a spirometer (MasterLab; Erich Jaeger GmbH, Hoechberg, Ger-
many), and the results were expressed as percents of predicted values.
Airway responsiveness was measured by methacholine bronchial chal-
lenge, using a method modificd of Balzano and colleagues (15). Meth-
acholine (Lofarma, Milan, Italy) was dissolved in physiologic saline to
give 0.2% and 1% solutions, and was delivered via a dosimeter (Me-
far MB3; Bovezzo [BS], Italy) that produces aerosol particles ranging
from 0.5 to 5 um in diameter. Inhalations were conducted with the
stubject in the sitting position and wearing a noseclip. After five
breaths of aerosolized phosphate buffered saline (PBS) solution, sub-
jects inhaled 1, 2, 4, and 8 breaths of the 0.2% solution of metacholine
(equivalent to 0.1 pmol, 0.2 pmol, 0.4 pwmol, and 0.8 wmol of metha-
choline), followed by 3, 6, and 12 breaths of the 1% solution (equiva-
lent to 1.5, 2, and 6 pmol of methacholine). Spirometry was per-
formed at 1 min and 3 min after each dose, and the challenge was
stopped when a decrease of > 20% in FEV, had been achieved or
when the maximum concentration of methacholine had been inhaled.
The dose of methacholine was then plotted against the percent de-
crease in FEV, on a logarithmic scale, and the provocative dose caus-
ing a 20% decline in FEV, (PDFEV,) calculated by linear interpola-
tion. PDyFEV, values = 8 umol of methacholine were accepted as
indicating normal airway responsiveness (16).

Assessment of disease activity. All subjects visited the study center
monthly. During the course of the study, the subjects were requested
not to take topical decongestants, corticosteroids. or cromolyn, but
were allowed to sclf-administer oral antihistamines for symptomatic re-
lief. The number of tablets taken was recorded on a diary card. To fol-
fow symptoms throughout the 2 yr of the study, we chose not to use the
rhinitis symptom score as an index of disease severity. Instead, subjects
were invited to seek medical attention whenever they felt it necessary
because of their clinical condition. The number of requests for medical
attention (unscheduled visits) was used as an index of disease activity.
In order to maintain the double blind protocol of the study, the physi-
cians who consulted the subjects were not involved in the study.

Measurement of serum IgE levels. Serum IgE was measured at
baseline and after Years 1 and 2 of treatment, using an cnzyme-linked
immunosorbent assay (Pharmacia, Uppsala, Sweden).

Immunotherapy. House dust mite allergen extract conjugated with
sodium alginate (Conjuvac; Bayer. Milan, ltaly)'was used as SIT; the
placebo used in the study, consisted of 10 mg/ml of histamine phos-
phate in physiologic saline. Both preparations were administered by
physicians who were not involved in the acquisition or analysis of ei-
ther the clinical or physiologic data of the study. The same physicians
were also responsible for the observation and treatment of any ad-
verse reactions. Immunotherapy was given according to the manufac-
turer’s instructions. The starting dose of allergen, of 1 biologic unit
(BU), was doubled on a weekly basis to a final dose of 800 BU or to
the maximal dose tolerated (the dose that did not cause any systemic
adverse effects, such as rhinitis or asthma, or swelling and erythema
= 10 cm in diameter). Once achieved, the maintenance dose was re-
peated monthly for the entire duration of the study. After each injec-
tion, subjects were kept under close observation for 30 min, and at
their next visit were asked about any late side effects.

Statistical Analyses

The PDyFEV, and IgE data collected in the study were transformed
logarithmically and presented as geometric means and ranges. The ef-
fect of treatment on BHR and serum IgE was analyzed with logarith-
mically transformed data, using two-way analysis of variance followed
by the paired Student's ¢ test. Bonferroni's correction was applied to
allow for multiple comparisons.

Changes in bronchial responsiveness at the end of the second year
were calculated as the antilogarithm of the difference between log,,
PDyFEV, at the end of the second year and log,y PD,FEV, at base-
line, and were expressed as units of fold difference in PD,FEV, with
a 95% confidence interval (Cl) (17). Correlations between levels of
serum IgE at baseline and units of fold difference in PD,,FEV, were
measured with Spearman’s correlation test. The relation between
PDyFEV, at baseline and the change in PD,FEV, over the 2-yr study
period was examined by correlating the average of the initial and final
measurements ([PDy,FEV, baseline + PDFEV, second year])/2)
with the observed change (PDFEV, second year — PD,FEV, base-
line) (18). Fisher's exact test was used to compare the frequency of
asthma in the two study groups.

RESULTS

The treatment was well tolerated, and no systemic reactions
occurred during the study.

TABLE 1
PATIENT CHARACTERISTICS

Placebo SIT

Subjects, n 22 22
Age, yr* 18 (10-38) 19 (10-35)
Sex 12F;10M MFENM
Height, cm* 161.4 (160-163) 163.67 (157-171)
FEV,, %pred’ ~107.6 291 11027 = 7.42
PD,oFEV,, ngt 245.5 89.1

(95% Cl: 213.8-281.8) (95% Cl: 77.6-102.8)
PDoFEV, first year, pgt 269.1 630.9

(95% Cl: 234.4-309) (95% Cl: 426.6-933.2)
PDFEV, second year, pg? 288.4 758.6

(95% Cl: 263-316.2) (95% Cl: 562.3-1000)
IgE baseline, Lt 336.6 * 253.9 458.95 = 357.3
IgE first year, it 328.2 * 238.4 450.91 = 290.9
IgE second year, IU/L' 328.8 = 239.4 399.82 x 333.09
Drug intake first year, tablets NR NR
Drug intake second year, tablets 120 52
No. of unscheduled visits, first year 8 (7)

10

No. of unscheduled visits, second year

Definition of abbreviations: Cl = confidence interval; PDFEV, = provocative dose of methacholine needed to reduce FEVy by 20%; SIT =

specific immunotherapy.
* Data are shown as arithmetic mean (range).
! Data are shown as arithmetic mean = SD.
* Data are shown as geometric mean (95% Cl).
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Effects on Airways Responsiveness to Methacholine

At baseline, the two groups of subjects were well matched,
with no significant differences in methacholine PDmFEV} (p =
0.15) (Table 1). After the first year of treatment, a significant
increase in methacholine PD,FEV, was found in the SIT-
treated group (mean: 2.88-fold, 95% CI: 3.98- to 2.09-fold; p <
0.001). There was a further increase in PD,oFEV, at the end of
the second year of treatment, as compared either with pre-
treatment values (mean: 4.1-fold difference; 95% CI: 2.9- to
5.7-fold; p < 0.001) or with values after the first year of treat-
ment (p = 0.001) (Figure 1; Table 1). In contrast, no differ-
ences in PD,FEV, were found in the placebo group through-
out the study (p = 0.708). '

Although there was no difference between the two groups in
methacholine responsiveness at the beginning of the study, there
was a significant difference in PDFEV), after 2 yr of treatment
(p < 0.0001). Fifty percent of the subjects receiving SIT had an
increase in PD,gFEV, to > 8 wmol of methacholine, whereas all
of the patients given placebo continued to have BHR.
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Figure 1. Measurement of BHR to methacholine (PDy,FEV,) in the SIT-
treated group at baseline and after each year of study. After the first
year of treatment there was a 2.88-fold increase in geometric mean
PDFEV, (p < 0.001), which further increased to more than fourfold
at the end of the second year of treatment (p < 0.001)
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In the subjects treated with SIT, there was a significant pos. *
itive correlation between PDyFEV, at baseline and the mag-
nitude of change in PD,FEV, at the end of the study (r =
0.75, p < 0.0001), as calculated by taking the average of the
initial and final measurements in PDoFEV, ([PD,FEV, base-
line + PD,FEV, second year]/2) and correlating it with the
observed change in PD,FEV, at the end of the second year
(PDyFEV, second year — PD,,FEV) baseline) (Figure 2).

Disease Severity Score

Subjects treated with SIT visited the study center less frequently
because of worsening of symptoms than did those given pla-
cebo. During the first year, control subjects made an average of
eight unscheduled visits, as compared with seven visits for the
SIT group, whereas during the second year the SIT group made
no additional visits, compared with 10 visits for the control sub-.
jects. The average number of antihistamine tablets taken during
the second year of the study was 52 in the SIT group versus 120
in the placebo group (Table 1). At the end of the second year,
none of the SIT-freated subjects had developed asthma,
whereas 9% of subjects in the placebo group reported symp-
toms compatible with mild asthma (p = 0.49).

Serum IgE Levels

Serum IgE concentrations did not differ in the SIT and pla-
cebo groups at baseline (p = 0.50), and did not change signifi-
cantly during the study in either the SIT-treated subjects or
those receiving placebo (Table 1). Within the group of SIT-
trcated subjects, serum IgE levels did not correlate with the
change in methacholine PDFEV, (expressed in units of fold
difference in PDy,FEV,) from baseline to the the end of the
second year of the study (r = —0.25; p = 0.267).
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Figure 2. Correlation between PD,FEV, at baseline and the magni-
tude of change in PD,FEV; at the end of the study. The correlation
was calculated by taking the average of the initial and final measure-
ments of PDyFEV, ([PDyFEV, baseline + PD,FEV, second year]/2)
and correlating it with the observed change in PDyFEV, at the end of
the second year (PDFEV, second year ~ PDyFEV, baseline). The broken
line represents the line of identity, and the distance between any single
observation and the identity line represents the change in PDyoFEV,.

e — ——— e~



DISCUSSION

Our study suggests that SIT can reduce BHR in hyperrespon-
sive patients with perennial allergic rhinitis who do not have any
symptoms of asthma.. This pilot study, although not designed
to detect differences in the incidence of asthma between the
SIT and placebo study groups, suggests that individuals with
allergic rhinitis should undergo testing of their bronchial reac-
tivity in order to identify those with BHR and to provide a
window of opportunity in which SIT may be effective at pre-
venting progression to asthma. The finding of a positive corre-
lation between the methacholine PD,FEV, before the com-
mencement of SIT and the magnitude of improvement in
bronchial reactivity suggests that early intervention, when
bronchial reactivity is relatively mild, is likely to be of greater
benefit, possibly because of less advanced airways remodel-
ling. These findings, in an adult population of allergic rhinitic
individuals sensitized to house dust mite, a perennial and
strong determinant of asthma, support the finding in the pre-
ventive allergen treatment study, which involved children with
allergic rhinitis who were sensitized to birch and/or timothy
pollen, that SIT can reduce the occurrence of asthma (14).

The treatment of allergic diseases involves either the use of
drugs (anti-histamines or corsticosteroids) that block the pro-
duction or action of pro-inflammatory mediators, and/or aller-
gen-specific treatments, such as allergen avoidance and immu-
notherapy. The benefits of SIT in the treatment of respiratory
allergic disease have been studied for both rhinitis (19) and
asthma (20). That most individuals with atopic diseases are
sensitized to more than one allergen, in addition to the risk of
anaphylactic reactions occurring during SIT and the availabil-
ity of effective topical antiinflammatory drugs, has been used
as an argument against using SIT in asthma (11) and in all but
the most severe forms of rhinitis, in which antihistamines and
topical medications insufficiently control symptoms (21). In
the present study we chose to focus on BHR in the absence of
lower respiratory tract symptoms as a target for prophylactic
immunotherapy. Our hypothesis was based on convincing evi-
dence that allergic rhinitis may be a prelude to overt asthma
(1,2). Furthermore, we restricted the inclusion criteria for the
study to subjects who were sensitized to only one allergen:
house dust mite. This choice was based on the broadly held
view that early sensitization to this perennial allergen poses a
greater risk for asthma (22).

The slow onset of action, the expenses involved, and the in-
convenience to the patient are additional drawbacks of SIT. In
this study, we noted a significant improvement in BHR by 1 yr
after initiating SIT. Further improvement was observed at the
end of the second year, when 50% of SIT-treated patients
showed an increase in PDFEV, to levels within the normal
range, whereas all of the control subjects continued to have
BHR. Our primary aim was not to evaluate the clinical efficacy
of SIT in rhinitis, since this issue had already been addressed in
well-conducted controlled trials. Nevertheless, in keeping with
these earlier studies (10), we noted a positive effect of SIT on
symptoms of rhinitis as well as on the need for relief medica-
tion, as reflected in fewer unscheduled consultations.

Our study also shows that rhinitic patients can have persis-
tent BHR even in the absence of clear symptoms of asthma or
other lower respiratory symptoms. The full clinical relevance
of asymptomatic BHR remains unclear. In accord with other
open studies (6), we found that by the end of our study, nearly
10% of patients receiving placebo developed asthma. Longitu-
dinal population studies have shown a faster decline of pulmo-
nary function in individuals with BHR than in those with nor-
mal bronchial responsiveness (23), with the severity of BHR
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cgrrelating positively with the degree of decline (24). In a pre-
v1§)usly reported 2-yr follow-up study, about 20% of subjects
with asymptomatic BHR developed asthma, as compared with
2% of subjects without BHR (25). In another longitudinal
study, lasting 6 yr, the percentage of subjects with BHR devel-
oping asthma was as high as 58%, but the prevalence of
asthma in subjects without BHR also increased, to 13% (26).

It is unclear why a proportion of individuals with atopy and
rhinitis eventually develop asthma, or what determines the rate
of conversion. Although atopy per se carries an increased risk
for asthma developing in rhinitic individuals, chronic exposure
to perennial allergens, and particularly indoor allergens, is
more important than seasonal exposure to such allergens as
pollens. The presence of asthma among first-degree relatives
of patients whose rhinitis is complicated by asthma (27) sug-
gests possible inheritance of factors that determine BHR, in-
dependent of atopy. Persons with asthma often develop first
symptoms after a respiratory infection, and this also appears
to be a risk factor for asthma in patients with BHR (27).

One reason for the poor understanding of the natural his-
tory of respiratory allergic disorders is the lack of sufficient in-
sight into the lower airway pathology of individuals who have
rhinitis only. Limited studies of bronchial biopsy specimens
from such patients have shown increased numbers of mucosal
eosinophils and an increased thickness of subepithelial col-
lagen, although both are generally present to a lesser degress
than is observed in asthma (28). However, it is unclear how
this relates to BHR and the subsequent development of
asthma, although some studies have shown a correlation be-
tween the degree of airway eosinophilia and subepithelial fi-
brosis and BHR (29).

In the absence of information about any cellular changes
in the airways of patients participating in the present study.
we are unable to offer an explanation for the protective effect
of SIT observed in the study. Even though SIT has long been
used, its mechanisms of action are far from clear. Among the
different hypotheses for its effects, earlier studies have focused
on its effect on circulating antibodies. such as a reduction in
IgE levels or an increased production of allergen-blocking IgG
antibodies. The protective effect of the increased levels of al-
lergen-specific IgG found after SIT (the “blocking antibody™
theory) is still debated, and is viewed by some authors as a
“bystander™ event (21). Our study failed to show a relevant ef-
fect of SIT on IgE levels. Furthermore, neither total nor spe-
cific serum IgE levels were correlated with methacholine
PD-FEV,. These findings are in accord with those in previous
studies (30). Reccnt evidence suggests that SIT alters T-cell
responses to allergen stimulation, increasing the proportion of
T cells expressing a T-helper type 1 phenotype (31).0orof T-
cells expressing messenger RNA for interferon (IFN)-y in
association with an increased production of interleukin (IL)-
12-positive cells (32). This effect might provide a basis for in-
hibition of both the early and late responses seen after immu-
notherapy (33). In accord with this explanation is that other
studies have reported a reduced production of IL-4 (34) and
IL-5 (35) with SIT, whereas conflicting data are available for
IFN-y production (35, 36). One hypothesis, therefore, is that
SIT might target the mild but persistent bronchial inflamma-

“tion in rhinitic individuals with BHR.

As with other diseases, prevention of asthma offers great
benefits. Any progress in this respect is hampered by a lack of
better understanding of the early pathogenesis of clinical
asthma. There is little or no evidence that early treatment with
corticosteroids might be appropriate in this setting. One ad-
vantage of SIT as compared with other forms of treatment
might be its ability to modify airway sensitivity to environmen-
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tal stimuli in an allergen-specific manner, despite greater cost
and potential risk. Our study provides encouraging evidence
that SIT is an effective prophylactic treatment for rhinitic indi-
viduals in whom BHR can be demonstrated. However, further
and larger studies are needed to confirm our observations and
to define the characteristics of the patients who would benefit
most from such therapy. Only then would it be appropriate to
recommend what should be done.
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