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INTRODUCTION
D ouble-blind, placebo-controlled studies have

clearly demonstrated that allergen injection

immunotherapy (IT) is clinically effective for
treatment of allergic rhinitis and bronchial asthma (1,
2). The clinical efficacy of IT in both conditions has
recently been confirmed by means of meta-analysis
techniques (4, 5). Moreover during the last few years
have demonstrated that allergen immunotherapy can
redirect the T lymphocyte differentiation from the Th2
towards the Th1 phenotype (5). This acquisition pro-
vides for the first time a satisfactory explanation of the
model of action of IT and support its rationale of use.

Finally the long-lasting clinical efficacy after disconti-
nuation and the preventive effect on asthma onset
have been evidenced in a number of clinical trials (4).
These considerations, taken togheter, are an encoura-
ging basis for increasing popularity of the treatment.

The thread that underlines successful immunotherapy
is the use of well characterised, standardised extra-
cts which offer some relevant advantages (table 1) in
terms of both efficacy and safety (7). However suc-
cessful immunotherapy requires besides that an ade-
quate therapeutic dose of the relevant allergen be
administered to the patient for an appropriate leng-
th of time. Aim of this review is to discuss the role of
the "optimal dose" defined as the dose of allergy
vaccine inducing a clinical relevant effect in most
patients without causing unacceptable side-effects
(6), in conditioning clinical efficacy, safety and long
lasting effect.

11 Allergy Unit, Verona General Hospital, Verona (lfaly).

(2 Allergy and Respiratory Diseases, Department of Infernal Medicine,
Genoa University, Genoa {ltaly}.

I. Less manufacturer to manufacturer and lot to lot
variation;

2.The ability to develop meaningful schedules for use of
allergy extracts for diagnostic testing and for immuno-
therapy

3.The ability to compare skin test results from patient
to patient and in the same patient over the time

4. Greater safety of immunotherapy in those patients
appropriately treated with high-dose immunotherapy
that is near the threshold for systemic reactions

5. Decreased risk of new IgE-specificities induction (?)

\ /
Table 1 : Advantages of Standardized Extracts.

CLINICAL EFFICACY

The rapid development of new biotechnologies offers
opportunities for improved standardisation. With these
new technologies, an allergen extracts can be defined
by major allergen content thus improving the possibi-
lity of objective comparisons among allergen extracts
and dosages. So the measurement of major allergens
for standardisation is now a redlistic goal which
should be carefully considered (8).

Nevertheless, it is essential to remind the major aller-
gens in allergenic products are just one of the para-
meter related to the biological potency and quality.
The allergenic extracts are very complex mixtures of
molecules characterised by various biological features
like enzymatic and immunological activity (9).
Consequently many operative procedures and analyti-
cal methods are required to assure the quality and
standardise such products, which have been the sub-
ject of specific Guidelines released by the European
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Agency for the Evaluation of Medical
Products and consequently introduced in
the European Pharmacopeia (10).

A further technical problem in the use of
the concentration of major allergens as
biological parameter of the allergenic
products is the lack of availability of inter-
nationally accepted methods and rea-
gents for their defermination, with the
unique exception of Der P _ (11). As a
consequence, every manufacturer has to
develop infernal analytical methods and
standards (in-house reference prepara-
tion, IHRP) which are poorly comparable
each other. Further problems arise from
the use of allergoids, either polymeric (by
reaction with formaldeheyde or glutaral-
dehyde) or monomeric (by carbamyla-
tion). In fact the chemical modification of
extracts almost invariably has a profound
effect on the antibody binding epitopes,
affecting their recognition by monoclonal
antibodies used in determination proce-
dure (12) (table 2).

In spite of these restrictions using the
above mentioned parameter the WHO
Position Paper (11) stated that "a mainte-
nance dose of 5-20 ug of major allergen
per injection is associated with significant
clinical improvement". This evidence
comes from :

> The clinical results of immuno-
therapy controlled studies using a
maintenance dose within this
range: a clinical effectiveness was
demonstrated in seasonal rhinitis due to
grass, birch and ragweed pollens (table 2)
and in perennial allergic asthma due to
dust mite (table 3) and cat dander (table 4)
(13-36); in fact 12 ug of Bet v 1 was used
as maintenance dose in all two studies sho-
wing clinical (22-23) and quadlity of life
improvement (22) in birch pollenosis. In
mite and cat allergic asthma a narrow
range of maintenance dosages (5-11 ug of
Der p 1/injection and 11-17 ug of Fel d
1/injection) proved clinically effective and
capable of reducing bronchial specific
hyperresponsiveness and skin reactivity
(24-36). In ragweed pollenosis a wider
range of maintenance dosage (4-24 ug
Amb a 1/injection) was used, being the
highest dosages clinically more effective
(17-22). In grass pollenosis high mainte-

\

The biological potency is related to major
allergens content

The measure unit is absolute (mg/mL)
reagents for the determination
procedure

Allows comparison of allergenic products
from different producers

v

In each allergenic source there
are many different allergens

Lack of internationally accepted

International standards available for
few allergenic sources

The correlation with biological
potency is complex in the case of allergoids

J/

Table 2 : Use of major allergens as parameter of biological activity of allergens products.

\.

Grass

Ragweed

Birch

Y

Phip 5
Phip 6
Phip 5
Dac q 5, Lol p 5
Phlip 5

Amb |

Betv I

v

Osterballe (13)
Osterballe (13)
Varney (14)
Dolz (15)
Walker (16)

Van Metre (17)
Van Metre (18)
Creticos (19)
Creticos (20)
Furin (21)

Bodtger (22)
Arvidsson (23)

25-41
13-20
18.6
I5
20

2-19

4-47

12-24
10
24

12
12

J

Table 3 : Doses effective for allergen immunctherapy in placebo controlled studies in pollenosis.

Dermato-

phagoides || Derp | Ewan (24) 1.9
Haugaard (25) 7
Olsen (26) 7-10
Pichler (27) 7
Whan (28) 0.5-1!
Bousquet (29) 5
Cat Fel d i Taylor (30) 16
Ohman (31) 8-16
Sundin (32) 15
Van Metre (33) 13.8
Alvarez Cuesta (34) .3
Hedlin (35) 17.3
U U Varney (36) U 5
\ J

Table 4 : Doses effective for allergen immunotherapy in placebo controlled studies in
dermatophagoides and cat allergy.
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nance doses (13-20 ug Phl p 5/injection) were gene-
rally administered (13-16), demonstrating not only a
significant reduction of drug and symptom score, but
also an increased well being (16).

> Several dose/response studies: Very low
doses (less than 1 ug of major allergen/injection)
have been shown to be no more effective than place-
bo (18, 19). Creticos et al. in a previous study
demonstrated that both symptoms and nasal response
in specific challenge significantly improved in rag-
weed allergic subjects who had been on maintenance
IT (6 mg Amb a 1/injection) when compared with
untreated patients. In another double-blind prospecti-
ve study of 27 ragweed dllergic patients suffering
from seasonal rhinitis, those patients randomized to a
conventional extract of ragweed demonstrated a dis-
tinct stepwise reduction in nasal responsivity to rag-
weed pollen challenge as the dose of immunotherapy
was increased from low dose (up to 6 mcg Amb a
1/injection) to moderate dose (12.4 ug Amb a
1/injection) to high dose (24.8 ug Amb a 1) (37).
Similar dose-related findings have been demonstrated
in patients with ragweed-induced asthma. Bruce et al.
(38) used a dose of 2 pg of Amb a 1/injection and
failed to demonstrate clinical improvement in asthma
symptoms, rhinitis symptom and upon bronchial chal-
lenge. However Creticos et al. (21) showed that
maintenance dose of 10 ug of Amb a 1/injection
resulted in a significant reduction in specific bronchial
sensitivity to ragweed and that this was paralleled by
favorable effects on clinical parameters. Haugaard et
al. (25) used bronchial provocation to study dust mite-
allergic patients. These investigators likewise demons-
trated a significant dose-dependent improvement
upon bronchial challenge to an extract of Der p 1 as
the immunizing dose was increased from 0.7 g to 7
ug to 21 ug Der p 1/injection. However in this study
the dose/effect relationship was not linear but sho-
wed a plateau after the mid-dose (in this study 7 g
Der p 1/injection).

However in contrast with these results in other control-
led studies lower dosages proved clinical efficacy. In
allergic mite-asthma a maintenance dose of 3.2 Der p
1 pg induced clinical and immunologic changes which
were sustained during a 5-year course of treatment,
even in patient able to tolerate higher dosages (39-40)
and more recently the same dosage of Der p 1 encap-
sulated in liposomes proved clinical effectiveness (41).
In seasonal allergic rhinitis a low dose of Phl p 5 (2.1
ug/injection) of an extract calcium phosphate-adsor-
bed proved a clinical improvement in seasonal rhino-
conjunctivitis (42) whilst birch-pollen allergy has been
efficiently treated with a short course of preseasonal

immunotherapy using a low maintenance dosage (1-
3 ug Bet v 2) (43).

SAFETY

The frequency and severity of systemic reactions (SR)
vary among studies and in clinical practice depending
by many factors (table 4). Some of them are related to
the extract, dosage and schedule of treatment.

B Extract: Some studies reported a lower frequency
of SR with the use of standardised aluminium extracts,
compared with aqueous extracts (44-46), with an high
proportion of late reactions (46-47). However the fre-
quency and severity of SRs might also depend on the
considered allergen. A retrospective study found that
mite and grass provoked a superimposable rate of
unwanted effects, but the occurrence of side side
effects with grass and mite was higher than with parie-
taria and mixture allergens (47). More recently a stan-
dardised grass pollen extract was associated with a
significantly higher number and greater severity of SRs
than birch pollen immunotherapy, being the different
biological potency of birch and grass-pollen extracts
the most likely explanation (48).

B Dose scheduling: The importance of the dose
increment schedule has been clearly demonstrated by
Bousquet et al. (49) and Hejjaoui et al. (50) who
found rates of SRs ranging from 4% of injections
during a rush protocol compared with 0.6% of injec-
tions during a semirush protocol in asthmatics patients
treated with the same standardised aqueous extract of
Dermatophagoides pteronyssinus. These results have
been recently confirmed by Mellerup et al., who found
higher prevalence of SRs in children treated with a
rush protocol (47). Moreover the prevalence of SRs is
generally higher during the build-up phase of the
treatment (47-50)

B Dosage: In dose titration study a correlation bet-
ween the dosage and the appearance of SRs has
been demonstrated. Haugaard et al. (25), noticed a
stepwise increase in SRs rate (0.56%, 3.30% and
7.10% respectively) as the immunizing dose was
increased from 0.7 to 7 to 21 mcg/injection.
Nevertheless in this study the higher dose regimens
(7 and 21 ug /injection) were more effective as com-
pared with 0.7 ug injection regimen. The higher
reaction rate with 21 pg injection regimen lead the
Authors to conclude that a maintenance dose of 7 pg
Der p 1/injection was the more appropriate dose.
Likewise Olaguibel et al. (39) noticed in a dose-titra-
tion study that 90% of patients tolerated a mainte-
nance dose of 3.2 ug of Der p 1, but only 18% of the
patients reached a maintenance dose of 16ug. In fact
in combination with the development of standardised
extract and more potent extracts, high dose IT has
resulted in a number of side effects (51-52).
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LONG-LASTING
CLINICAL EFFICACY

A long-term clinical effect maintained for years after
discontinuation was clearly demonstrated for grass
and three pollens IT, as well as for cat dander and mite
IT {table 5). In one follow-up study on grass-pollen
dllergic patients it was shown that patients suffering
from rhinoconijuntivits, with or without mild-to-modera-
te seasonal asthma consistently experienced signifi-
cantly decreased symptoms during seasonal exposure
5 years after SIT discontinuation {53). A similar study
with birch-pollen allergic patients showed effect after
two years of SIT on asthma as well as on nasal sensi-
tivity. This study confirms that the clinical effect persists
up to six years after termination of SIT. None of the
patients who initially suffered only from hay fever
developed asthma during the period-study (54).
Hedlin et al. (55) found that cat-allergic patients with
mild-to-moderate asthma not only reduced their speci-
fic reactivity but also non specific hyperreactivity. The
follow-up study 5 years after SIT discontinuation sho-
wed the effect was persistent with regard to exposure
to cats as well as non specific hyperresponsiveness. A
recently published double-blind placebo-controlled
randomized long term study with grass pollen IT
demonstrated that the clinical improvement achieved
after a 3- to 4 years of course persisted at least 3 years
affer termination of SIT {56). In mite allergic subjects
De Roches et al. (57) demonstrated a relapsing rate of
55% in patients who had received immunotherapy for
a period of 12-96 months and followed up for up to 3
years. Interestingly patients who did not relapse had @
decrease of skin reactivity at the end of treatment and
the duration of the efficacy of SIT after its cessation
depended upon the duration of the treatment. A pro-
longed efficacy was recently demonstrated in a long
term follow-up study also in children, who, in 1989-
91, underwent a 3-year course of preseasonal SIT with
grass pollen extract in a double-blind placebo control-
led study. On the original 28 patients Eng et al. {58)
reassessed 23 patients in the 1997 pollen season: 13
from the former SIT group and 10 from the former pla-
cebo group. There was a significant difference in
symptom score thus confirming that clinical effective-
ness of SIT was still persisting. However the most intri-
guing results were those related to the natural course
of the disease. In fact only 23% of the SIT patients sl
had asthma symptoms, whereas in the control group
the prevalence of asthma remained 70%. Moreover
the SIT group developed a signiflicantly lower number
of new sensitizations. A long-term clinical effect has
been also demonstrated in pollinosis due to Parietaria.
A 3 years course of SIT with parietaria allergoid achie-
ved a clinical improvement, which persisted after dis-
continuation at one year evaluation (59).

Finally an open multicenter study recently demonstra-
ted that a 3 year course of SIT with birch (12 ug Bet v
1/injection as maintenance dosage) or grass (20 pg
Phl p 5/injection) standardized extracts can reduce the
development of asthma in children whit seasonal aller-
gic rhino-conjuntivitis (60).

4 N
) Related to the patient
Time of onset
Asthma
- uncontrolled asthma
-FEV | <70%
Drug interaction
- _-blocker therapy
- ACE-inhibitor therapy

D Related to the extract and its administration
Aqueous extract

High dose therapy

Rush immunotherapy

Methods

- incorrect technique

- errors in dosage
\ y

Table 5 : Follow-up studies with characterized, standardized
allergen extracts.

Mosbech grass 20 35 28
Jacobsen birch 12 32 36
Hedlin Cat 15 32 36
Durham grass 20 36 36-48
De Roches || D.pter 40 12-96
kAriano U Parietaria U U U

U

J/

Table 6 : Follow-up studies with characterized, standardized allergen extracts.

DISCUSSION

In spite some before mentioned drawbacks the range
suggested by the WHO Position Paper is a good refe-
rence in terms of effectiveness and long lasting effects,
though in most of the studies the rate of SR was higher
than in normal practice (table 7). Moreover in these
studies to an increase of the dosages corresponds a
linear increase of systemic reactions, but not of the cli-
nical efficacy. It has to be outlined that in these studies
optimal doses of SIT have been identified with the
maximal tolerated doses, just below the dose causing
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local or SRs. In contrast other studies in which a clini-
cal efficacy was demonstrated at lower dosages (39-
43), suggest to think of optimal doses as those capable
of modifying the clinical picture of the patients while
giving a clear margin of good tolerance (61). The use

of new adjuvants could increase the effect of lower
dosages (41-43).

9.5-33 0.38 - 0.81

16.6-23.5 0.65 - 1.31
0-37 1.97 - 7.1
18 —40 0.14-17

Besides there is the problem of the non-injective routes
of immunotherapy, sublingual and local nasal, whose
use in Europe is constantly growing. It is evident that we
cannot tranfer on these immunotherapy routes the
dosing experiences aquired for injective routes, consi-
dering that the absorption and kinetics as well as bio-
availability are undoubtely different. This concept is
supportd by a recent immunological study where in
course of grass local nasal immunotherapy a highly
significant decrease of the allergen-driven proliferative
response of periferal blood T-lymphocytes, in compari-
son to a control group of untreated grass-allergic
patients, was observed. Inferestingly, the same study
showed that a similar decrease of T-lymphocyte res-
ponse was obtained in a third group of patients given
subcutaneous immunotherapy, even tough the cumula-
tive dosage in the LNIT group was between 10 and 50
times less than in subcutaneous group (62). One pos-
sible explanation may be that the majority of allergen-
specific T cells accumulate in lymph nodes draining the
respiratory tract of allergic patients, so a locally intro-
duced allergen can modify them more easily than a
subcutaneous one. In fact this immunological effect has
been aftributed to the induction of T-cell tolerance,
which may reflect the generation of allergen specific
suppressor T-cells, clonal anergy, extrathymic deletion
of allergen reactive Th cells and/or Th2 to Th1 switch.
However long lasting clinical and immunological effects
have been demonstrated only using high dosages.

In conclusion the "optimal dose" remain an unresolved
question. More dose/response studies are needed to
assure the clinical efficacy and above all the long las-
ting effect of dosages lower then those suggested by
WHO Position paper. This research is particularly
mandatory in "at risk" conditions, such as in children
and in asthmatic patients. Finally it is advisable to
overcome the lack of internationally accepted reagents
and methods for the determination procedure of major

allergens in order to correctly compare extracts and
treatments.

Moreover it is important to be certain that the results
obtained in the controlled studies can be anticipated in
the clinical application of allergen immunotherapy.
One significant difference between the controlled stu-
dies and clinical practice is that the former are usually
conducted with a single allergen extract, whereas,
particularly in North America, clinical practice is to
usually use a mixture of allergens. There is probably
no harm in administering allergen extracts to which
the patient is not allergic. However it has repeatedly
demonstrated that allergen immunotherapy is immu-
nologically specific (60-61). Therefore administering
allergen to which the patient is not allergic is equiva-
lent to administering additional diluent, so reducing
the maintenance dose. In fact some allergen extracts
contain proteases which are capable of degrading the
allergenic proteins of other extracts (62).
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v B HORMONES MAY IMPROVE

ARLINGTON HEIGHTS, lll. (March 19, 2003) - Evidence
indicates that progesterone and estrogen may improve
lung function and asthma, according to a report publi-
shed in this month’s Annals of Allergy, Asthma &
Immunology, the scientific journal of the American
College of Allergy, Asthma and Immunology (ACAAI).

"Positive effects of estrogen and progesterone on lung
function and asthma have been observed across the life
span in women," said Catherine L. Haggerty, PhD, MPH,
University of Pittsburgh, Graduate School of Public Health,
Pittsburgh, Pa. "Studies suggest that the hormones play a
role in strengthening respiratory muscle and increasing
relaxation of bronchial smootﬁ muscle, reducing the
contractile response. Estrogen and progesterone also have
been shown to exhibit anti-inflammatory properties."

During the premenstrual and menstrual phase when hor-
monal levels are low, asthmatic patients have been found
to experience increased asthma episodes, increased hos-
pitalizations for asthma and decreased pulmonary func-
tion. While taking oral contraceptives ancf hormone repla-
cement therapy, some women experience improved pul-
monary function and a decrease in asthma exacerbation.

"Estrogen and progesterone are highly elevated during
pregnancy, reaching their greatest concentrations during
the ?inol trimester. In some women, improvements in asth-
ma symptoms from preconception to pregnancy parallel
these changes in hormonal levels, wiﬂ? the lowest rate of
symptoms occurring during the last four weeks," Dr.
Haggerty said.

According to the authors, certain subgroups of women
may be more susceptible to hormone cycles.
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Testosterone, estrogen and progesterone may each inde-
pendently affect pulmonary function to varying degrees.

"A further understanding of the role of hormones in asth-
ma may better predict exacerbations and direct thera-
peutic strategies. Such an understanding may help fo
improve the quality of life in women who suffer from this
often debilitating disease," Dr. Haggerty said.

Women should tell their doctors if they notice a pattern of
change in their asthma related to their periods, or as they
approach menopause according to Joan C. Gluck, M.D.,
Miami, chair of ACAAl's Women's Health Committee.

"An increase in allergic symptoms can be the first sign of
impending increase in asthma in pregnancy, as was
recently iown. Likewise, an increase in cﬁler y and
asthma symptoms may also be an early sign of meno-
pause. Doctors shoulg be aware of these patterns and
suggest variations in treatment relevant to hormonal
changes, as well as consultation with an obstetrician-
gynecologist," Dr. Gluck said.

Additional information on allergic diseases including
asthma is available by calling the ACAAI toll free num-

ber at (800) 842-7777 or visiting its Web site at
www.allergy.mcg.edu.

The ACAAI is a professional medical organization com-
prised of 4,200 qualified allergists-immunologists and
related health care professionals. The College is dedica-
ted to the clinical practice of allergy, asthma and immu-
nology through education and research to promote the
highest quality of patient care.

* From the American Academy of Allergy, Asthma and Immunology.



