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ORIGINAL ARTICLE

Slowing Progression Along the Allergic Disease Continuum:
Quo Vadit Immunotherapy?

Cristina Russo, MD,! Elisa Basile, MD,' Raffaele Falsaperla, MD,? and Riccardo Polosa, MD, PhD'

There is emerging evidence that rhinitis frequently precedes the onset of asthmatic symptoms. The frequent
association of rhinitis and asthma has led to the concept that these conditions are likely manifestations of the
same disease. This hypothesis has important implications for both the diagnosis and the management of these
common conditions. Unfortunately, there is little known regarding the risk factors responsible for the progres-
sion of rhinitis to asthma. The current treatment options can control symptoms but do not prevent or cure the
disease. However, there is recent data supporting the notion that it is possible to prevent new asthma cases by
modifying the immune response and clinical outcome with allergen immunotherapy. This review article evalu-
ates the impact of rhinitis on the development of asthma, examines putative predictors for the progression of
rhinitis to asthma, and reviews recent, promising literature suggesting that early treatment of allergic individu-
als with immunotherapy may aid in asthma prevention.

Introduction

HE CLOSE ANATOMICAL, FUNCTIONAL, pathogenic, immu-

nological, and clinical relationship between the upper
and lower respiratory tract has been repeatedly confirmed
in recent years (reviewed in Ref."%). Furthermore, a strong
association between rhinitis and asthma has been well doc-
umented in epidemiological studies. There is also convinc-
ing evidence that rhinitis frequently precedes the onset of
asthmatic symptoms and may be an important risk factor
for the development of asthma (reviewed in Ref*). Thus, it
appears reasonable to consider asthma and rhinitis as differ-
ent manifestations of a common syndromic entity. Recently,
this idea has been accepted by many researchers and new
nomenclature has been introduced, such as united airways
disease, allergic rhinobronchitis, and combined allergic rhi-
nitis and asthma syndrome (CARAS).>”7

The notion that upper and lower respiratory airways
behave as a single entity supports the hypothesis that, by
modulating the immune and clinical response in high-risk
patients, it is possible to prevent new cases of asthma. This
assumption has been recently tested in a number of envi-
ronmental intervention studies, where individuals with a
strong family history of asthma strictly avoid one or more
environmental exposures (such as indoor aeroallergens
and environmental tobacco smoke) beginning early in their

life.51® Unfortunately, results from these studies indicate
that this approach, alone, is not very successful in prevent-
ing the development of asthma. Perhaps, considering the
well-known ability of allergen immunotherapy to induce
immune tolerance,' it is logical to consider early immuno-
therapy as a way to reduce the incidence of progression to
asthma in allergic individuals.*!3

The purpose of this article is to evaluate the impact of
rhinitis on the development of asthma, to examine the puta-
tive predictors for the progression of rhinitis to asthma,
and to review current research related to the use of aller-
gen immunotherapy for the prevention of asthma in allergic
individuals.

Progression to Asthma Along the Allergic
Disease Continuum

A clinical, functional, pathogenical, and immunological
association between upper and lower respiratory-airway
disorders has been repeatedly documented.!® The existence
of the so-called united airways disease was first suggested
by epidemiological studies, which indicated a close associa-
tion between rhinitis and asthma.*'> As many as 40% of the
patients studied with rhinitis also had asthma, and nasal
allergy symptoms occurred in up to 80% of patients with
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asthma.*?> Several studies have demonstrated that allergic
rhinitis usually precedes asthma and that rhinitis may be
an important risk factor for the development of asthma. In
a proportion of allergic rhinitic individuals, bronchial chal-
lenge with histamine or methacholine resulted in bronchial
hyperresponsiveness (BHR), even in the absence of any asth-
matic symptoms.’*!” This may be a reflection of subclinical
inflammatory changes in the lower airways."®* Notably,
rhinitic subjects with documented BHR are known to be
at-risk for progression to asthma.?» Additionally, a num-
ber of epidemiological studies have suggested that allergic
rhinitis may be a precursor to the airway symptoms related
to asthma.>*?® However, in a recent longitudinal popula-
tion-based study by Shaaban et al., the overall population
attributable risk of developing asthma from rhinitis was
about 30%.?® Though, this was in contrast to the magnitude
of the observed effect in previously reported epidemiolog-
ical studies*** where the risk appeared to be much higher
and more clinically relevant. For example, in the large
population-based study by Leynaert et al,? rhinitis was
highly predictive of the development of new-onset asthma
(OR = 7.03). Likewise, Huovinen et al.”” reported that, dur-
ing a 15-year follow-up period, allergic rhinitis increased the
risk of asthma development by 4-fold in men and 6-fold in
women. This may be significantly relevant given that aller-
gen immunotherapy for the treatment of allergic rhinitis has
the potential to modify the natural course of the disease by
preventing new-onset asthma.

Unfortunately, these epidemiological studies mostly
relied on written questionnaires for the diagnosis of aller-
gic rhinitis and asthma. Additionally, there is the possibility
that some medications for allergic rhinitis may prevent asth-
matic symptoms, especially regular topical corticosteroids,
thus reducing the accuracy of diagnosis. The impact of these
factors on the outcome of epidemiological studies related to
asthma and rhinitis cannot be ignored. However, in these
population-based studies, the observation that a high pro-
portion of adults with rhinitis who also develop new-onset
asthma has been substantiated by data obtained from large
clinical-based studies of children and adults with allergic
rhinitis.?%

In a prospective pediatric study of 205 children with a
clinical history of grass- or birch-induced rhinoconjunctivi-
tis, who were randomized to receive allergen immunother-
apy for 3 years or to be included in an open control group,”
diagnosis of allergic rhinitis at the start of the study was pre-
dictive of new-onset asthma by the final visit; 44.4% of the
subjects in the control group developed asthmatic symptoms
by the end of the follow-up period, while the actively treated
children developed significantly fewer asthma symptoms.
This preventive effect of immunotherapy has been con-
firmed at later follow-up visits (5 and 10 years after IT) by the
same investigators.’32 In our retrospective cohort study of
332 allergic individuals, a medical diagnosis of allergic rhi-
nitis at the start of the study was highly and independently
predictive of the development of new-onset asthma by the
10-year follow-up; 46.1% of those with rhinitis at the start of
the study developed asthmatic symptoms by the end of the
follow-up (OR = 7.8).3° It is important to note that the usage
of topical corticosteroids was similar in the allergic rhinitic
subjects with new-onset asthma (52.3%) compared to those
who had no symptoms of asthma (47.5%).
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Predictors for Progression From
Rhinitis to Asthma

Recurrent exposure to inhaled antigens with strong
allergenic properties may eventually dictate progression of
the “allergic march” toward asthma in individuals with an
atopic predisposition.* Of all known common allergens, the
house dust mite is strongly implicated as a potential cause
of asthma.?** In the multicenter study by Moller et al,*
where 205 children allergic to either grass- or birch-pollen
were evaluated, specific information regarding the most
prevalent type of inhaled allergen associated with patients
from each center was unavailable. This would have been
important for understanding the substantial variation in
clinical outcomes observed between centers. In our study,*
linear regression analyses demonstrated that house dust
mite sensitization was not significantly predictive of new-
onset asthma. Instead, a positive sensitization to Parietaria
judaica was markedly associated with an increased risk of
developing asthma. The reasons for this discrepancy are not
known, but may reflect the peculiar characteristics of the
type of inhaled allergen, which is strongly allergenic and
often reaches very high levels in Sicily,*** where the study
was conducted. As one would expect, the presence of pets in
the home and a positive family history of allergic diseases
were all predictive of new-onset asthma in our study popu-
lation.*® However, their overall population attributable risk
was substantially lower than the diagnosis of allergic rhini-
tis. Surprisingly, the duration of rhinitis was not predictive
of asthma development in this cohort. Rhinitic subjects with
documented BHR are known to be at-risk for the develop-
ment of new-onset asthma,”~>* but this was not adequately
addressed in the previously mentioned studies.

The well-known gender-dependent reduction in asthma
prevalence that occurs around the onset of puberty, which is
due to hormonal modifications,®® may have had important
effects on the measured outcomes reported in the multicen-
ter study by Moller et al.® Although specific information
regarding the gender and age distribution of the children
from each participating center was not specified in their arti-
cle,” the proportion of the preventive effect of immunother-
apy remained unchanged at later follow-up visits (5 and 10
years after IT).%32

In our study of adults, being female was a predictive fac-
tor for new-onset asthma.*® Exposure to cigarette smoke has
also been shown to be a powerful determinant of asthma
development. In particular, an increased risk of child-
hood asthma and wheezing in association with maternal
and household smoking has been widely reported.*-** In
a cohort of clinical-referred non-asthmatic subjects with
established allergic rhinitis, we found a sound positive asso-
ciation between cigarette smoking and the development of
new-onset asthma (OR = 2.98).#* There was a clear dose—
response effect of smoking exposure, assessed as pack-years,
and the intensity of smoking appears to be associated with
the strength of the association in our study population.*®
Multivariate analyses demonstrated that, compared to never
smokers, those with 1-10 pack-years had an OR of 2.14, those
with 11-20 pack-years had an OR of 3.81, and those with >20
pack-years had an OR of 5.87. This underscores the notion
that the number of cigarettes smoked may be important in
dictating the evolution of distinct disease phenotypes.



IMMUNOTHERAPY AND ASTHMA PREVENTION

It is unclear why a large proportion of individuals with
atopy and rhinitis eventually progress to bronchial asthma.
Irrespective of the putative role of smoking, inflammatory
changes are known to be present in the lower airways of
subjects with allergic rhinitis, even in the absence of asthma
symptoms,® and these may ultimately lead to the develop-
ment of asthma. It is likely that persistent exposure of the
airway to airborne allergens in combination with cigarette
smoke may have an additive or synergistic effect on the pro-
gression of the inflammatory responses. Tobacco smoke is
a complex mixture of gases and vapors and the particulate
phase promotes an adjuvant effect that may favor the devel-
opment of allergen-specific IgE antibodies and IgE-mediated
allergic airway diseases. Laboratory studies in humans and
animals have shown that the polyaromatic hydrocarbons
(eg, anthracene, fluoranthene, pyrene, phenanthrene) pre-
sent in the particulate phase of cigarette smoke and diesel
fumes have the ability to induce T helper 2 (Th2) immune
responses and enhance allergic inflammation.*** The for-
mation of allergen-specific IgE antibodies is a key event in
the development of allergic airway responses. In sensitized
individuals, IgE increases the risk of developing allergic
rhinitis and asthma.** Therefore, in individuals with aller-
gic rhinitis, progression to bronchial asthma may be more
common in those who smoke regularly. Given that BHR is
a well-described determinant of the incidence of asthma
in rhinitic subjects,?* another possible explanation for a
higher incidence of new-onset asthma among rhinitics who
smoke is that smoking is strongly associated with more
severe BHR.#

Preventive Role of Allergen-Specific
Immunotherapy

To date, little progress has been made in the development
of therapies that prevent the progression of rhinitis to asthma
in at-risk individuals. For smokers with allergic rhinitis, one
straightforward strategy for preventing the progression to
asthma would be to counsel the patients to stop smoking
and offer assistance in quitting.*® Although cessation of
smoking confers clear health benefits beyond long-term pre-
vention of asthma, large prospective trials examining the
impact of quitting smoking on the risk of incident asthma
are needed to establish the true influence of cigarette use on
disease progression.

Currently, allergen-specific immunotherapy (IT) is the
only immune-modifying treatment for allergic disease. It
has been suggested that IT should be administered early
to at-risk individuals to prevent the progression to a more
advanced and irreversible type of allergic disease, such
as asthma.* Although our understanding of the immune-
modifying properties of effective IT has greatly increased
over the past century, the exact mechanism(s) responsible for
the clinical efficacy of IT are still unclear. Several modifica-
tions of the cellular and humoral immune responses to the
allergen occur throughout the course of IT (reviewed in Ref.
11) (Fig. 1). The ratio of T helper 1 (Thl) cytokines to Th2
cytokines is increased after IT, and functional regulatory
T (TReg) cells are induced. Additionally, the production of
interleukin-10 (IL-10) by monocytes, macrophages, B cells,
and T cells is increased. The production of transforming
growth factor beta (TGF-B) is also increased and, together
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with IL-10, TGF-B might contribute to TReg cell function
and immunoglobulin class-switching to IgGl, IgG4, and
IgA. These immunoglobulins compete with IgE for allergen
binding, thereby decreasing the allergen capture and pre-
sentation facilitated by IgE in complex with the high-affin-
ity receptor (FceRI) or low-affinity receptor for IgE (FceRII,
CD23). In addition, IT decreases the number of mast cells
and their ability to release mediators. The recruitment of
eosinophils and neutrophils to sites of allergen exposure is
also decreased.

Given these characteristics, it is not unrealistic to believe
that IT may hinder the progression of allergic diseases. The
recent observation that IT prevents the development of new
allergen sensitization and lowers the risk of incident asthma
cases in adults and children suffering from rhinitis is, per-
haps, one of the most exciting findings in the study of IT.
Indeed, it can be hypothesized that, in susceptible individu-
als, this form of treatment could interfere with the immune
responses mediating asthmatic evolution rather than
reversing the immune response once the disease has been
established.”

Initial studies have demonstrated a significantly lower
rate of new allergen sensitizations in monosensitized indi-
viduals who received IT compared with untreated controls.
Specifically, 45.5%-75.4% of subjects on IT did not develop a
new allergen sensitization during the study period, in con-
trast with only 0%-33.3% of untreated controls.5’-52

A few studies have also suggested that IT prevents the
progression of rhinoconjunctivitis to more advanced and
irreversible types of allergic disease, such as asthma (Table 1).
In our clinical-based study of 332 subjects with allergic
rhinitis, those who were treated with IT had a significant
reduction in the prevalence of physician-diagnosed asthma
compared to untreated patients.** In our population, 53.1% of
the subjects with allergic rhinitis who were not treated with
IT developed asthma, whereas only 41.6% of those treated
with IT were diagnosed with asthma by the end of the study
(OR = 0.53) (Fig. 2). The observed IT-mediated reduction in
the number of new asthma cases is of clinical importance
with a number needed to treat (NNT) of 8.7. To the our
knowledge, no other published study on asthma prevention
has reported a greater protective effect. Furthermore, we
have also previously shown that IT for allergic rhinitis can
even decrease the risk of asthma among smokers.*

The observed effect of IT in reducing the onset of asthma
is in agreement with the results of an open prospective mul-
ticenter study of 205 children with a clinical history of grass-
or birch-induced rhinoconjunctivitis randomized to receive
IT for 3 years.” This study found a statistically significant
reduction in the risk for developing incident asthma in the
participants that received IT (OR = 2.52) compared to the
untreated control group. At the 5-year follow-up, 2 years
after IT was discontinued, the preventive effect of IT was
still evident. Among 142 children without asthma before the
start of the study, those receiving IT had significantly less
asthma than those in the control group: 16/48 with asthma
in the IT group compared with 24/29 in the untreated control
group (OR = 2.68).%! A similar preventive effect of IT (OR =
2.5) was also confirmed at the 10-year follow-up.*? Evidence
of the effect of IT in reducing the onset of asthma from pla-
cebo-controlled trials is limited. In a small randomized, pla-
cebo-controlled 3-year study of allergen immunotherapy in
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FIG.1. Specific immunotherapy modifies cellular and humoral immune responses to allergen.

non-asthmatic, rhinitic subjects monosensitized to Parietaria
pollen, we found that 47% of patients in the placebo group
compared to 14% of the IT group developed asthma symp-
toms by the end of the study.>®

The finding that IT resulted in a significant reduction
of number of new asthma cases was confirmed in studies

evaluating sublingual immunotherapy (SLIT). Two large
studies have demonstrated a statistically significantly lower
rate of new-onset asthma in children with allergic rhini-
tis randomized to a study group treated with SLIT for 3
years compared to the control population.* In the study
by Marogna et al., it was also reported that a substantially

TABLE 1. STUDIES SHOWING PREVENTION OF NEW ASTHMA CASES BY ALLERGEN IMMUNOTHERAPY
Number of  Immunotherapy Control (% of
Follow-up  patients in (% of patients with patients with new-

Study Age range (years) (years)  each group new-onset asthma) onset asthma) P value

Moller et al® 6-15 (mean 10.7) 3 SCIT: 97 24 44 <0.05
CTRL: 94

Polosa et al*® 18-40 9-10 SCIT: 202 42 53 <0.05
CTRL: 130

Niggemann et al* 6-15 5 SCIT: 95 20 43 <0.01
CTRL: 88

Jacobsen et al*? 6-14 10 SCIT: 64 25 45 <0.01
CTRL: 53

Polosa et al® 20-54 (mean 33.1) 3 SCIT: 15 14 47 0.056

PLA: 15

Novembre et al>* 4-16 (mean 8.4) 3 SLIT: 54 18 41 <0.05
CTRL: 59

Marogna et al*® 5-17 (mean 10.4) 3 SLIT: 130 2 29 <0.001
CTRL: 66

Milani et al®® (mean 22.5) 2 SLIT: 154 9 20 <0.01
CTRL:151

Abbreviations: CTRL, control; PLA, placebo; SCIT, subcutaneous immunotherapy; SLIT, sublingual immunotherapy.
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10-year follow-up in immunotherapy (IT)-treated (closed
bar) and untreated (open bar) subjects with allergic rhinitis.

lower percent of new allergen sensitizations developed in
patients who received SLIT compared to untreated matched
controls, 3.1% versus 34.8%, respectively (OR = 16.85). These
findings with SLIT have also been confirmed in a “real-life”
setting.% In a recent efficacia nella rinite allergica di SlitOne
(EFESO) trial, a multicenter case—control observational
study to evaluate the effectiveness of SLIT in a mixed adult-
pediatric population with allergic rhinitis, asthma-related
symptoms were present in 8.5% of SLIT-treated subjects ver-
sus 20% of the control participants.>®

Closing Remarks: Quo Vadit Inmunotherapy?

Allergen immunotherapy was first utilized in the treat-
ment of allergic diseases nearly 100 years ago. Although
there have been great advances in our understanding of
immunotherapy mechanisms, there has been little change
in the clinical application of immunotherapy. Now, there is
considerable optimism regarding the use of this therapy for
controlling the allergy epidemic due to improvements in
systemic and mucosal allergen-specific immunotherapy.”
The decisive evidence that in preschool children at high risk
for asthma, early anti-inflammatory therapy with inhaled
corticosteroids (ICS) fails to modify the natural course of the
disease, - together with the notion that early treatment of
allergic individuals with allergen IT may prevent the devel-
opment of allergic manifestations, indicates that treatment
of at-risk individuals could be an innovative and valuable
application for IT. Considering that the studies described
in the above section are observational in nature, or used an
uncontrolled design, large randomized, double-blind, con-
trolled trials are needed to confirm the beneficial effects of
treating allergic subjects with IT and to define the charac-
teristics of patients who would benefit most from this type
of therapy.

The Global Prevention of Asthma in Children (GPAC)
study is a Phase II multicenter, placebo-controlled, double-
blind study using immunoprophylaxis for the primary pre-
vention of allergic disease.®® The purpose of this study is to
determine whether early treatment with SLIT for 1 year can
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prevent the development of asthma and decrease the rate
of allergic sensitization in high-risk children. The GPAC
study has enrolled 200 children between the ages of 18 and
30 months from 5 international study sites. Children will be
assessed for allergy/asthma symptoms over the next 3 years.
The results of the GPAC study are expected by 2013 and are
eagerly awaited.
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