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Subcutaneous immunotherapy for allergic rhinitis: an evidence based

review of the recent literature with recommendations
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Background: Allergic rhinitis is a common allergic dis-
ease with increasing prevalence in Western Societies.
Medical therapy is first line treatment, and is aimed at
reducing symptoms of immunoglobulin E (IgE)-mediated
inflammation of the nasal passages. In patients with
disease refractory to medical therapy, subcutaneous im-
munotherapy is an option. The aim of this study is
to update a recent Cochrane review with available
level 1 evidence for seasonal and perennial allergic
rhinitis.

Methods: A systematic review of the literature was per-
formed from 2006 to 2011 and compared with data from a
2007 Cochrane review on immunotherapy for seasonal al-
lergic rhinitis. We included all studies of level 1 evidence.
All forms of single extract immunotherapy were consid-
ered. Studies with primary asthma related end-points were
excluded. Primary end-points were instruments of clini-
cal efficacy (ie, symptom-medication scores) and adverse
events.

Results: We retrieved 12 level 1 studies for review. In to-
tal, 1512 patients were randomized into treatment groups,
alternative study groups (alternative duration of ther-
apy or sublingual immunotherapy [SLIT]), or placebo. Ef-
ficacy was evaluated based on reported symptom and/or
medication score, validated quality of life instruments,

immunological assays, challenge testing, and adverse
events.

Conclusion:  Subcutaneous immunotherapy improves
symptom and/or medication scores and validated quality of
life measures. In addition, associated changes in surrogate
markers of immunologic protection are observed. Subcuta-
neous immunotherapy is safe when administered to care-
fully selected patients and in settings capable of respond-
ing to systemic reactions. Subcutaneous immunotherapy is
recommended for patients with seasonal or perennial al-
lergic rhinitis not responsive to conservative medical ther-
apy, and whose symptoms significantly affect quality of
life. © 2013 ARS-AAOA, LLC.
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sneezing, nasal congestion, and rhinorrhea. AR is believed
to affect up to 40% of children and up to 30% of adults in
the United States.! The incidence of AR appears to be in-
creasing, especially in Western societies.” The morbidity of
this condition is significant, and affected individuals report

llergic rhinitis (AR) is a common condition character-
ized by immunoglobulin E (IgE)-mediated inflamma-
tion of the nasal passages, with subsequent symptoms of
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reduction in quality of life measures. In addition, there is a
well-documented financial burden to society.?

AR is traditionally classified into 2 different groups: sea-
sonal AR and perennial AR. Seasonal AR or “hay fever” is
an IgE-mediated allergic reaction caused by airborne pol-
lens, especially from grasses, trees, weeds, and outdoor
molds that demonstrate seasonal and geographic variation
due to the presence of environmental allergen. Perennial
AR is also an IgE-mediated allergic reaction that is usu-
ally caused by domestic allergens such as house dust mites
(HDM), animal dander, and indoor molds. Initial treat-
ment of AR is variable and traditionally involves lifestyle
changes that prevent antigen exposure, in addition to the
combination of medications such as oral antihistamines and
intranasal corticosteroids.* Other treatments used include
oral or topical decongestants, leukotriene receptor antag-
onists, cromolyn, and intranasal antihistamines, which are
used in specific clinical situations.*

Immunotherapy is reserved for patients with moderate to
severe AR who do not respond to allergen avoidance and/or
mediations and who have had significant symptoms greatly
affecting their quality of life. Not all sufferers of AR are suit-
able candidates for immunotherapy. Up to 38 % of patients
with AR also suffer from asthma,® and this group in par-
ticular, has been shown to have a high incidence of adverse
reactions related to immunotherapy administration.®” In
properly managed patients with both AR and asthma, how-
ever, immunotherapy has been shown to decrease asthma
symptoms especially during pollen seasons and to decrease
the need for rescue medication and emergency room visits.

Immunotherapy can be delivered in multiple forms: in-
jection or subcutaneous immunotherapy (SCIT), sublingual
immunotherapy (SLIT), nasal or oral administration.® SCIT
delivery strategies usually consist of an escalating series of
injections of isolated or mixed allergen extract, given every
1 to 2 weeks to a highest concentration of antigens, known
as the maintenance concentration, which is usually given
for at least 2 to 3 years.” Variations of this strategy include
rush and cluster dosing, which allow clinicians to achieve
maintenance dosing in a shorter amount of time.

The mechanism of immunotherapy has been postulated
to be related to an effect on T lymphocytes that modu-
late production of IgE in the presence of antigen, causing a
switch from a T helper 2 (Th2) response to a Th1 response.
This change results in higher levels of IgG antibodies and
reduction of IgE antibodies—the latter responsible for ini-
tiating local inflammation and producing the symptoms of
allergic disease.

The efficacy and safety of SCIT in sufferers of AR was
studied in a 2007 Cochrane Review by Calderon et al.,!’
and was found to significantly reduce symptom and medi-
cation scores in suitably selected candidates with minimal
adverse events. The purpose of this study will be to up-
date all available level 1 evidence for SCIT in the treatment
of AR, summarize the available literature from 2006 to
2011 related to clinical efficacy and safety, and provide
up to date information regarding practice of subcutaneous

immunotherapy for the otolaryngologist in the United
States.

Methods

As in prior evidence based reviews and recommenda-
tions published in the International Forum of Allergy &
Rhinology,'>'> we followed The Clinical Practice Guide-
line Manual'® Conference on Guideline Standardization
(COGS),'* and the Appraisal of Guidelines and Research
Evaluation (AGREE) instrument'’ recommendations to im-
prove quality, transparency, and efficient reporting of re-
sults in this review. We required studies in this review to
have documented objective evidence of AR by positive skin
test or elevated levels of allergen-specific IgE on in vitro
testing, in addition to clinically significant AR symptoms.

The primary focus of our review was on SCIT for the
treatment of AR. We excluded studies whose primary end-
points were asthma-related outcomes. We considered all
randomized, double-blind, controlled studies (Level 1b ev-
idence). All forms of single extract immunotherapy were
considered, where multiple high doses were administered
with no exclusion criteria for rush or cluster induction
dosing.

A systematic review of the literature was performed us-
ing Medline, and EMBASE from January 2006 to Decem-
ber 2011. A screening literature search was performed to
identify randomized studies using the following indepen-
dent search criteria: (1) MeSH terms: rhinitis, allergic, sea-
sonal/therapy, immunotherapy, immunomodulation, aller-
gens [ad] [im][tu], desensitization, immunologic; and (2)
general search phrases: SCIT, allergic, rhinitis, seasonal,
hay fever, pollen, SAR, allerg*, season, spring, summer,
grass®, birch, ragweed, tree*, and weed”. Included studies
were screened against available literature references.

Studies were evaluated and level of evidence was applied
based on reported research methodology.'® After quality
evaluation for each study was performed, a summary was
produced which includes the aggregate grade of evidence
and recommendations based on the American Academy of
Pediatrics guidelines.!” Two authors reviewed the literature
(M.T.P. and E.T) and produced the initial manuscript fol-
lowing previously published iterative review guidelines.!!
Data was reviewed and debated until a consensus was
achieved for validity of evidence related to efficacy and
safety. The five remaining authors were responsible for re-
viewing subsequent iterations of the manuscript, analyzing
outcome data, and providing clinical recommendations. Fi-
nally, implications of these data and recommendations for
clinical use were debated and formulated with consider-
ation of the quality of evidence in addition to the com-
parison of benefit vs harm. When the level of evidence
allowed, clinical recommendations were suggested. Level
of bias was assessed and all studies demonstrated a “low
risk of bias,” as determined by adequate reporting with

respect to concealment allocation, attrition, and detection
bias.!?
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Primary outcome data for most studies were continu-
ous variables related to symptom or medication use scores.
These scales were variable and most frequently employed
a system of subject quantification of nasal, ocular, and/or
chest symptoms recorded on a daily basis and averaged over
a study period. The use of rescue medications (oral antihis-
tamines, nasal sprays, or topical ocular agents) was used
frequently. Quality of life measures were used as a primary
or secondary end-point in some studies and reviewed as
available. Adverse reactions were divided between local and
systemic, severity quantified as data permitted, and comor-
bidities identified when available in an attempt to determine
risk factors for severe reactions. Data from 2006 through
2011 was analyzed to supplement the 2007 Cochrane Re-
view of SCIT.!°

Results

There were 12 studies that met inclusion criteria for re-
view (Table 1). Primary outcome evaluations were mostly
in the form of symptom scores, medication scores, or a
combined symptom medication score. One study used the
Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ)
instrument'® as a primary end-point. Multiple secondary
end-points were reported and those included in this analy-
sis were RQLQ evaluations, immunoglobulin assays, chal-
lenge tests, and adverse events.

Symptom score or medication score

Three randomized studies assessed primary intervention
response with a symptom or medication score alone
(Table 2).

Charpin et al.'"” (2007) published a study of 40 patients
comparing SCIT using an aluminum adsorbed Juniperus
ashei extract in patients with allergic rhinoconjunctivitis
due to European cypress pollens with placebo to investigate
the concept of SCIT treatment with major allergen chal-
lenge. A statistically significant improvement in conjunc-
tivitis symptoms (41%, p < 0.02) was observed in the first
pollen season following therapy. A significant improvement
in rhinitis symptoms was also observed in the second season
after SCIT (63%, p < 0.01). This study also independently
analyzed medication scores. Patients were given the same
rescue medications and scores were calculated based on the
following formula: medication score = 2 x number of ce-
tirizine (10 mg) tablets + 4.5 x number of prednisolone
(5 mg) tablets + 1 x number of drops of levocarastine per
eye. The total medication score was decreased in the treat-
ment group when compared with placebo. Median values
were reduced 49% and 25% in the first and second pollen
season, respectively, after initiation of treatment. These re-
sults, however, did not reach statistical significance.

Francis et al.?? (2008) studied 18 patients with severe
seasonal AR utilizing grass pollen immunotherapy and ob-
served a significant decrease in symptom scores. Mean

scores were 2.42 + 0.22 for the treatment group and
1.50 £ 0.34 for placebo (p < 0.05).

Tahamiler et al.?! (2008) performed a study in 193 pa-
tients randomized to SCIT (n x 96) or SLIT (n x 97) for
treatment of HDM allergy.

Combined symptom-medication score

Seven studies met criteria for inclusion of use of Symptom-
Medication Score (SMS) as a primary endpoint for efficacy
evaluation (Table 3).

Ceuppens et al.?> (2009) analyzed results from
58 patients receiving gluteraldehyde-modified aluminum
hydroxide-adsorbed birch pollen extract to examine the
efficacy and safety of these newly available compounds. A
combined score was calculated based on a previously pub-
lished index.?? There was no difference in SMS between
treatment and placebo groups in the first pollen season. In
the second season, however, the treatment group experi-
enced a 23% reduction in SMS that approached statistical
significance (p = 0.055). Further, when the lower airway
data was removed and analysis was of only nasal/eye symp-
toms there was a 32% reduction in SMS that did reach
significance (p < 0.04).

Riechelmann et al.?* (2010) similarly used the SMS
proposed by Bufe et al.?® to analyze the efficacy of
SCIT using glutaraldehyde-modified aluminum hydroxide—
adsorbed extract of HDM antigen. Results in this study of
140 patients demonstrated reduced SMS (mean + SD) in
the treatment group when compared to controls (1.046 +
0.93, 0.785 £ 0.69, p = 0.048). Again, the lower airway
score was excluded and data from nasal and ocular symp-
toms also showed improvement in the treatment group that
met significance (1.06 &+ 0.68, 0.79 £+ 0.70, p = 0.039).

Tabar et al.>* (2011) performed a study in 2011 examin-
ing the efficacy of SCIT to HDM allergen in patients treated
for 3 or 5 years to examine effect of duration of therapy.
Efficacy was analyzed by using a rhinitis severity score pro-
posed by Meltzer. Patients receiving SCIT for HDM allergy
for 3 years had reduced rhinitis scores at 3- and 5- year time
points (44% and 48%, p < 0.001). Patients receiving SCIT
for 5 years had reduced rhinitis scores at 3 years and a fur-
ther reduction in scores at 5 years that reached statistical
significance (50%, 69%, p < 0.001).

Mauro et al.?® (2007) performed a randomized study
comparing SMS for patients receiving SCIT and SLIT for
treatment of birch pollinosis. A total of 34 patients (19
SCIT, 14 SLIT) completed the study and there was no dif-
ference between SMS between the groups.

Williams et al.?” (2007) performed a follow-up of a 2005
study (Corrigan) examining clinical efficacy of a third year
of treatment with aluminum-adsorbed grass pollen SCIT.
Findings of the original study demonstrated improved SMS
between active and treatment groups at 1 year (26.6%,
p < 0.026) and 2 years (48.4%, p < 0.018). Findings from
the 2007 demonstrated further reduction in SMS with a
third year of treatment.
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TABLE 1. Study summary of the reviewed articles (primary and secondary end-points)
Study Subjects Primary Secondary
Study Year design LOE (n) Study groups end-point end-point
Charpin et al."® 2007 RCT 1b 40 1) J. ashei extract AIOH Symptoms score; Adverse events;
adsorbed IT; medication NPT; S-lgG and
2) placebo score IgE
Mauro et al.? 2007 RCT 1b 47 1) Birch pollen SCIT: not Combined SMS Adverse events;
placebo controlled; S-lgG and IgE
2) birch pollen SLIT
Powell et al.® 2007 RCT 1b 410 1) Grass pollen Alutard SQ RQLQ None
maintenance: 100,000
SQ-U;
2) Alutard SQ
maintenance: 10,000
SQ-U;
3) Placebo
Williams et al.?’ 2007 RCT 1b 61 1) Grass pollen allergoid Combined SMS RQLQ; S-IgG
adsorbed to AIOH;
2) placebo
Tahamiler et al.?! 2008 RCT 1b 193 1) House dust mite Symptom score SPT; NPT
sublingual IT;
2) House dust mite
subcutaneous IT
Francis et al.? 2008 RCT 1b 18 1) Grass pollen extract Symptom score Adverse events;
AIOH adsorbed IT; SPT; IL
2) placebo production;
S-lgG and IgA;
IgE response
assay
Ceuppens et al.?2 2009 RCT 1b 62 1) Gluteraldehyde modified Combined SMS Adverse events;
birch pollen extract SPT; S-1gG and
AIOH adsorbed; IgE; Bet v1
2) placebo basophil
activation
Martinez-Cdcera 2010 RCT 1b 46 1) P, preatense extract IT, S-lgG and IgE Intradermal skin
etal.®! 2) placebo testing
Hoiby et al.? 2010 RCT 1b 61 1) Depigmented Combined SMS Adverse events;
polymerized birch S-lgG and IgE;
pollen IT; IL production
2) placebo
Riechelmann 2010 RCT 1b 140 1) Gluteraldehyde modified Combined SMS Adverse events;
etal.® house dust mite IT; CPT; RALQ;
2) placebo S-lgG and IgE
Tabar et al.?® 2011 RCT 1b 239 1) House dust mite extract Symptom score; Adverse events;
IT x5 years; medication RQLQ; SPT;
2) house dust mite extract score S-1gG
IT x3 years
Pfaar et al.?8 2011 RCT 1b 195 1) Depigmented Combined SMS Adverse events;

polymerized grass
pollen IT-preseasonal
ruch schedule;

2) placebo

RQLQ; S-1gG
and IgE

Bet v 1 = major birch allergen; CPT = conjunctival provocation test; IgE = immunoglobulin E; IL = interleukin; IT = immunotherapy; LOE = level of evidence; NPT = nasal
provocation test; RCT = randomized controlled trial; RQLQ = Rhinoconjunctivitis Quality of Life Questionnaire; SCIT = subcutaneous immunotherapy; S-IgG = serum
immunoglobulin G; SLIT = sublingual immunotherapy; SMS = symptom-medication score; SPT = skin prick test; SQ = subcutaneous; SQ-U = standardized quality units.
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TABLE 2. Summary of symptom or medication score
studies

Study Treatment Conclusion

TABLE 4. Summary of RQLQ studies

Charpin et al."® | Aluminum hydroxide Aluminum adsorbed J. ashei

(2007)

adsorbed J. ashei
extract in patients
with European
cypress allergy

SCIT in patients with
allergies to European
cypress pollens successfully
reduces symptoms scores.

Francis et al.20

Aluminum adsorbed

Grass pollen SCIT reduces

Study Treatment Conclusion
Powell et al.®% | Grass pollen SCIT High-dose grass pollen SCIT is
(2007) (100,000 and 10,000 more effective in improving
SQ-U) vs placebo RQLQ
Riechelmann | Gluteraldehyde-modified | Modified HDM improves RQLQ
etal.2* aluminum hydroxide at 1-year follow-up
(2010) adsorbed HDM vs
placebo

(2008) grass pollen SCIT symptoms scores in allergic
patients.
Tahamiler HDM SCIT vs SLIT SCIT may more effectively
etal?! reduce symptoms scores in
(2008) house dust mite allergic

patients than SLIT

Pfaar et al.? Preseasonal rush SCIT | Rush modified grass pollen

(2011) with depigmented SCIT improves RQLQ at
polymerized mixed 1-year follow-up
grass pollen

HDM = house dust mites; SCIT = subcutaneous immunotherapy; SLIT = sublin-

gual immunotherapy.

TABLE 3. Summary of SMS studies

Tabar et al.®®
(2011)

HDM SCIT x 3 years vs
HDM SCIT x 5years

HDM SCIT improves RQLQ in
both 3- and 5-year

Study

Treatment

Conclusion

Mauro et al.28

Birch pollen SCIT vs SLIT

No difference in SMS between

(2007) SCIT and SLIT
Williams et al.2 | Aluminum adsorbed Treatment with one additional
(2007) grass pollen SCIT for year of SCIT improves SMS
additional 3rd year when compared to 2 years
of therapy
Ceuppens Gluteraldehyde-modified | Modified birch pollen SCIT
etal.? aluminum hydroxide lowers nasal/eye SMS in the
(2009) adsorbed birch pollen second year of treatment
vs Placebo
Hoiby etal.® | Depigmented Modified birch pollen SCIT
(2010) polymerized birch reduces SMS at 18 months
pollen extract SCIT follow up
Riechelmann | Gluteraldehyde-modified | Modified HDM SCIT improves
etal.® aluminum hydroxide SMS
(2010) adsorbed HDM vs
Placebo

Pfaar et al.?

Pre-seasonal rush SCIT

Rush SCIT with modified mixed

(2011) with depigmented grass pollen reduces SMS at
polymerized mixed 2 years follow up
grass pollen

Tabar et al.?®
(2011)

HDM SCIT x 3 years vs
HDM SCIT x5 years

Treatment with 2 additional
years of HDM SCIT improves
SMS when compared to 3
years of therapy

HDM = house dust mites; SCIT = subcutaneous immunotherapy; SLIT = sublin-

gual immunotherapy; SMS = symptom-medication score.

Pfaar et al.>® (2011) examined 195 patients treated with
preseasonal rush SCIT with a depigmented polymerized
mixed grass pollen extract over 2 years. Results show reduc-
tion of median SMS [interquartile range]| at year 2 for the

treatment groups

HDM = house dust mites; RQLQ = Rhinoconjunctivitis Quality of Life Question-
naire; SCIT = subcutaneous immunotherapy; SLIT = sublingual immunotherapy;
SQ-U = standardized quality units.

treatment group (3.93 [0.77-6.27]), compared to placebo
(5.86 [3.11-8.36], p < 0.01).

Hoiby et al.?? (2010) examined 61 patients receiving
SCIT with a depigmented polymerized birch pollen extract.
The 18-month median SMS of the treatment group was re-
duced when compared to placebo (8.0, 12.6, p = 0.004).

Rhinoconjunctivitis quality of life questionnaire

Four studies analyzed efficacy of treatment using the RQLQ
evaluation tool (Table 4) (Juniper and Guyatt!® [1991]).

Powell et al.?? (2007) performed a large study of 410 pa-
tients using 2 specific doses (100,000 standardized quality
units [SQ-U] and 10,000 SQ-U) of grass pollen SCIT com-
pared with placebo. All domains across the RQLQ were im-
proved with the 100,000 SQ-U dosing when compared to
placebo (p < 0.002), but only 2 of 7 domain scores (ocular
symptoms and emotional function) improved significantly
(p < 0.0001 and p = 0.02, respectively) when compar-
ing the 10,000 SQ-U dose to placebo. When comparing
the treatment arms, 4 of 7 domain scores (activities, non-
nose/eye symptoms, practical problems, and nasal symp-
toms) were improved in the 100,000 SQ-U group compared
to 10,000 SQ-U group (p < 0.04).

Riechelmann et al.>* (2010) also compared RQLQ scores
between their treatment and placebo groups and found pa-
tients in the treatment group had significantly better mean
RQLQ scores (= SD) after 1 year of treatment (1.30 &= 1.05)
when compared with placebo (0.84 &+ 1.03, p = 0.038).

Pfaar et al.?® (2011) showed a reduction in median
RQLQ scores for the treatment group versus placebo group
atyear 1 (1.93, placebo 2.46, p = 0.03) and at year 2 (2.02,
placebo 2.30, p = 0.14) although the latter did not reach
significance.

Tabar et al.>> (2011) found improvement in the domains
explored by RQLQ in both the 3- and S-year treatment
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TABLE 5. Studies reporting immunologic assessments

Study

Treatment

Conclusion

Charpin et al."®
(2007)

Aluminum hydroxide
adsorbed J. ashei
extract in patients
with European
cypress allergy

SCIT raises lgG4 levels

Mauro et al.28

Birch pollen SCIT vs SLIT

SCIT, but not SLIT raises levels

(2007) of Bet v 1 specific IgG4
Williams et al.2” | Aluminum adsorbed SCIT raises lgG4
(2007) grass pollen SCIT for

additional 3rd year

Francis et al.20

Aluminum adsorbed

Specific IgG4 and IgA are

(2008) grass pollen SCIT induced at 6-12 weeks and
may be required for
modulation of IgE mediated
events

Ceuppens Gluteraldehyde-modified | SCIT raises IgG and IgG4 to Bet

et al.?? aluminum hydroxide v 1 and suppresses Bet v 1

(2009) adsorbed birch pollen induced basophil activation

vs placebo

Hodby et al.2®

Depigmented

SCIT raises IgG1 and IgG4

2010 polymerized birch
pollen extract SCIT
Martinez- Single species grass Single species SCIT raises lgG4
Cocera pollen SCIT to grass mix
etal.®
(2010)
Riechelmann | Gluteraldehyde-modified | SCIT raises lgG4
etal.® aluminum hydroxide
(2010) adsorbed HDM vs
placebo

Tabar et al.?
(2011)

HDM SCIT x 3 years vs
HDM SCIT x5 years

SCIT raises lgG4 at 3 years,
which is maintained at 5
years with additional
treatment

Pfaar et al.?
(2011)

Preseasonal rush SCIT
with depigmented
polymerized mixed
grass pollen

SCIT raises lgG4

Bet v 1 = major birch allergen; HDM = house dust mites; IgA = immunoglob-
ulin A; IgG = immunoglobulin G; SCIT = subcutaneous immunotherapy; SLIT =
sublingual immunotherapy.

groups when compared to baseline. No difference, how-
ever, in RQLQ scores were found between the 3- and 5-year
treatment groups.

Immunoglobulin assays

Table 5 contains information on immunoglobulin assays.
Charpin et al.' (2007) found mean Juniperus-specific
IgG4 levels in the treatment group to be increased from
baseline (251.5 g/L) in the first (5771.7 g/L, p = 0.00001)
and second pollen seasons (11,108.4 g/L, p = 0.0001).

Mauro et al.?® (2007) found major birch allergen (Bet
v 1) did not increase significantly in SCIT or SLIT treated
patients. Levels of Bet v 1 specific IgG4 increased in both
treatment groups, but only reached statistical significance
with SCIT (p = 0.001).

Williams et al.>” (2007) reported increases in specific
IgG4 after a third year of short course specific grass pollen
immunotherapy.

Francis et al.?® (2008) demonstrated early production of
interleukin-10 (IL-10) at low allergen doses coinciding with
inhibition of late skin responses at 2 to 4 weeks. Further,
specific IgG4, IgA, and inhibitory antibody activity for ba-
sophil histamine release and IgE-facilitated allergen binding
to B cells occurred later, at 6 to 12 weeks, and preceded
inhibition of early skin responses.

Ceuppens et al.?? (2009) reported significant increases in
IgG and IgG4 antibodies to Bet v 1 in the treatment group
as well as a blocking effect on Bet v 1-induced basophil
activation.

Martinez-Cocera et al.3! (2010) reported increases in lev-
els of IgE and IgG4 to grass mix and Phleum pratense after
treatment with single-species grass pollen SCIT. The levels
of IgG4 to Phl p5 and lol p5 were highly correlated.

Richelmann et al.>* (2010) reported significant increases
in serum concentrations of IgG4 to Dermatophagoides
pteronyssinus after SCIT. The change in IgE levels in re-
sponse to HDM did not differ significantly between groups.

Tabar et al.>> (2011) noted increases in specific IgG4
after 3 years of SCIT. IgG4 levels declined at § years of fol-
low up in patients who were treated with immunotherapy
for 3 years compared to those who received treatment for
S years.

Hoiby et al.?? (2010) reported mean serum concentra-
tions of specific IgE increased significantly in both treat-
ment and placebo groups. Levels of IgG1 and IgG4 in-
creased significantly in the SCIT group when compared to
placebo. These changes were associated with a blunting of
the increase in Th2 producing peripheral blood mononu-
clear cells.

Pfaar et al.?® (2011) reported mean grass-specific IgE de-
creased in the treatment group (43.3 to 42.9 kU/L) but
increased in the placebo group (37.3 to 45.56 kU/L). After
the first course of SCIT, grass-specific IgG4 increased from
a mean of 186.5 to 996.1 ng/mL in the treatment group
and from 195.4 to 205.6 ng/mL in the placebo group. Af-
ter year 2 of treatment mean concentrations for the treat-
ment group and placebo were 638.6 and 275.7 ng/mL,
respectively.

Challenge tests

Table 6 contains information on challenge tests.

Charpin et al." (2007) administered nasal provocation
tests to evaluate SCIT efficacy in both treatment groups.
Median values of the threshold dose were 100 in the treat-
ment group and 10 Arbitrary index of reactivity (IR)/mL in
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TABLE 6. Studies examining challenge tests as a secondary

TABLE 7. Studies reporting adverse effects of treatment

outcome
Subjects
Study Treatment Conclusion Study Treatment (n) Conclusion
Charpin etal."® | Aluminum NPT: no statistically significant Charpin et al.'® | Aluminum hydroxide 40 |3 systemic reactions in

(2007) hydroxide—adsorbed difference (2007) adsorbed J. ashei 2 patients
J. ashei extract in extract in patients
patients with with European
European cypress cypress allergy
allergy Mauro et al.28 |Birch pollen SCIT vs 47 | Systemic reactions in
Francis et al.?’ | Aluminum adsorbed SCIT recipients need higher (2007) SLIT 16% SCIT vs 0% SLIT
(2008) grass pollen SCIT dosgs of_allergen 10 elicit Ceuppens Gluteraldehyde- 62 | No significant difference
conjunctival symptoms » o A
etal. modified in serious adverse
Martinez- Single-species grass SCIT reduces immediate and (2009) aluminum effects between
Cocera pollen SCIT delayed cutaneous hydroxide treatment and
etal’ responses adsorbed birch placebo
(2010) pollen vs placebo
Riechelmann | Gluteraldehyde-modified | SCIT improves conjunctival Martinez- Single species grass 46 |9 SCIT patients with
etal.? aluminum provocation test Cocera pollen SCIT systemic adverse
(2010) hydroxide—adsorbed etal.¥! events; 1 episode of
HDM vs placebo (2010) anaphylaxis
Tabaretal.?® |HDM SCIT x3 yearsvs | SCIT did not change skin Riechelmann | Gluteraldehyde- 140 | No significant difference
(2011) HDM SCIT x5 years reactivity to HDM etal.® modified in serious adverse
] - (2010) aluminum effects between
HDM = house c.iust ml_tes; NPT = pasal provocation test; SCIT = subcutaneous hydroxide treatment and
immunotherapy; SLIT = sublingual immunotherapy.
adsorbed HDM vs placebo
placebo
the placebo group after the first and second pollen seasons; Hodby etal.?? |Depigmented 61 |30 patients developed
however, this finding did not reach statistical significance. (2010) polymerized birch systemic reactions, all
Francis et al.?’ (2008) demonstrated requirement of pollen extract SCIT Grade 1 or 2

greater concentrations of P. pretense allergen to elicit con-
junctival symptoms on provocation testing in the treatment
group vs placebo (32,182 + 7432, 2760 + 440 SQ-U/mL,
p < 0.05)

Martinez-Cocera et al.3! (2010) showed diminishment
of the immediate and delayed cutaneous responses to both
tested grass pollen extracts after SCIT.

Richelmann et al.>* (2010) showed a significant improve-
ment in the conjunctival provocation test at 1 year in pa-
tients treated with SCIT.

Tabar et al.>* (2011) did not show any changes in HDM
skin reactivity in any group at any time-point.

Adverse events

Table 7 contains information about adverse events.

Charpin et al.' (2007) reported 7 patients in the treat-
ment group and 7 in the placebo group who experienced
adverse events mostly in the form of injection site reactions
and rhinitis. Three systemic reactions were reported in 2
patients: pneumothorax in 1 patient 1 day after injection
30, and facial urticarial and lip edema in 1 patient 2 days
after injection 9. Details of treatment were not provided.

Mauro et al.?® (2007) reported systemic reactions in 16 %
of SCIT and 0% of SLIT recipients. No data was provided
regarding time of onset or treatment.

Ceuppens et al.?> (2009) reported no major adverse
events. Local reactions were reported 27 times in the treat-

Tabar etal.®® |HDM SCIT x3 years 239 | Systemic reactions in

(2011) vs HDM SCIT x5 5.6% of SCIT
years recipients; 1 episode
of anaphylaxis

Pfaaretal.?®  |Preseasonal rush SCIT| 195 |Local, Grade 1 and 2

(2011) with depigmented systemic reactions
polymerized mixed were more common
grass pollen in SCIT recipients vs

placebo

HDM = house dust mites; SCIT = subcutaneous immunotherapy; SLIT = sublin-
gual immunotherapy.

ment group and 2 times in the placebo. A total of 12 sys-
temic adverse effects occurred in the treatment group and
16 adverse events in the placebo group.

Martinez-Cocera et al.3! (2010) reported 37 adverse
events in the treatment group and 0 in the placebo group.
Fifteen were related to SCIT. They occurred in 9 patients
after 10 doses and during the up-dosing phase. Of the re-
ported adverse events, 2 were described as nonspecific, 7
were local, 4 affected the upper airway, and 1 the lower
airway. There was 1 episode of anaphylaxis consisting of
asthma and pruritus of the ear canal and oropharynx that
required administration of epinephrine and oral corticos-
teroids. The patient withdrew from the study.

Riechelmann et al.”* (2010) reported a total of 278 ad-
verse events in 88 patients (46 SCIT, 42 placebo). Of these,
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59 were thought to be related to treatment. Twenty-five
cases observed in 14 patients (6 SCIT, 8 placebo) were sys-
temic and 34 were local. Local reactions were more com-
mon in the treatment group when compared with placebo
(2.7%, 0.4%). No data were provided regarding time of
onset or treatment.

Tabar et al.?> (2011) reported 9 systemic reactions in
the treatment groups: 3 nonspecific reactions, 2 rhinocon-
junctivitis, 3 asthma attacks, and 1 episode of anaphylaxis
(0.07% of all doses administered, and 5.6% of patients re-
ceiving SCIT). In the patient who experienced anaphylaxis,
symptoms developed 1 minute after administration of the
61st dose of treatment. Administration of subcutaneous
epinephrine, intravenous methylprednisone, and nebulized
salbutamol resulted in rapid resolution of symptoms. SCIT
was discontinued in this patient.

Hoiby et al.?? (2010) reported 58 adverse effects in 29
patients (12 SCIT, 17 placebo). Local reactions occurred
in 6% of patients receiving SCIT and 13% of the placebo
group. Thirty patients in the SCIT group developed sys-
temic reactions (Grade 1 or 2 classification), and none re-
quired any specific treatment.

Pfaar et al.?® (2012) reported local injection site reactions
in 70.4% of patients for the treatment group and 40%
of patients receiving placebo. Systemic reactions occurred
27 times in 16 patients in the treatment group and 7 times
in 3 patients receiving placebo. Of these, all were grade 1
and 2 classification. No data on treatment were provided.

Discussion

Immunotherapy for AR is reserved for patients who have
failed medical management and whose symptoms greatly
affect their quality of life.'® Medical therapies for AR are
numerous and are tailored to individual patients based on
several factors including: symptoms, physical examination,
response to prior medications, comorbidities, patient and
provider preferences, and patient resources. Pharmacother-
apy recommendations for the treatment of AR are summa-
rized in Table 8.

When treating patients with AR, a stepwise approach
should be applied to medication selection and risk accep-
tance. Despite optimal pharmacotherapy, some patients
with moderate to severe AR will not be adequately con-
trolled. When these patients have exhausted all reason-
able medical options, immunotherapy should be considered
with attention to the individual’s risks and benefits.

Numerous studies with level 1b evidence classification
have been performed to evaluate the efficacy and safety
of SCIT for the treatment of AR. The Cochrane Review
of Allergen Injection Immunotherapy for Seasonal Allergic
Rhinitis in 2007'° analyzed 51 randomized controlled trials
from the years 1954 to 2005, and provided a comprehen-
sive picture of the data available at that time. These data
provided consistent support that SCIT is effective for sea-
sonal AR based on changes in symptom and/or medication
scores, despite limitations in comparing studies with het-

TABLE 8. Pharmacotherapy of allergic rhinitis®?

Medication type Description

Oral antihistamines Second-generation oral H1-antihistamines
are recommended for the treatment of

allergic rhinitis in adults and children

First-generation oral H1-antihistamines are
not recommended when
second-generation ones are available,
due to safety concerns, primarily
sedation and anti-cholinergic effects

Topical antihistamines Second-generation intranasal
H1-antihistamines are recommended for
the treatment of allergic rhinitis in adults

and children

Intranasal glucocorticoids Intranasal glucocorticosteroids are
recommended for the treatment of
allergic rhinitis in adults and children.
They are the most effective approved

drugs for the treatment of allergic rhinitis.

Oral or intramuscular
glucocorticoids

Intramuscular glucocorticosteroids and the
long term use of oral glucocorticosteroids
are not recommended due to safety
concerns.

Topical cromones Topical cromones are recommended in the
treatment of allergic rhinitis, but they are
only modestly effective and require

frequent dosing, excellent safety profile.

Leukotriene receptor Montelukast is recommended in the

antagonists treatment of seasonal allergic rhinitis in
patients over 2 years of age, and for
perennial allergic rhinitis in patient over 6
months of age.
Intranasal Intranasal ipratropium is recommended for

the treatment of rhinorrhea associated
with allergic rhinitis.

anticholinergics

Intranasal decongestants Intranasal decongestants may be used for a
short period of time in patients with

severe nasal obstruction.

Oral decongestants Oral decongestants (and their combination
with oral H1-antihistamines) may be
used in the treatment of allergic rhinitis

in adults, but side effects are common

erogeneous, often unvalidated clinical scales. Despite these
limitations, the evidence for reduction in symptoms and
medication use is uniform and compelling across the litera-
ture. Further, these data consistently support improvement
in SCIT-treated patient responses to validated quality of
life surveys when compared to placebo. With increasing
knowledge of the molecular and cellular mechanisms un-
derpinning the pathophysiology of allergic disease, many
authors have also demonstrated relevant changes in im-
munoglobulin classes and cytokine levels that are consistent
with measures of SCIT efficacy. These findings are impor-
tant and may help guide further research to identify novel
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surrogate measures of efficacy and/or therapeutic targets.
Another important evaluation performed in the Cochrane
analysis was assessment of safety. A conservative estimate
for epinephrine use for systemic reactions in the treatment
group was 0.13% of all injections (compared to 0.01%
placebo). This information is important as SCIT will lead
to significant adverse events in a small minority of treated
patients. It is important to recognize this fact and its impli-
cations for patient selection. As of yet, there is no strong
data to quantify risk of adverse reactions to SCIT other
than limited data and experiential evidence of severe re-
actions in patients who are highly sensitive to the admin-
istered allergen, display severe symptoms, or possess co-
morbid conditions—specifically uncontrolled asthma and
a history of recurrent systemic reactions. Overall, conclu-
sions from this extensive review found that SCIT was an
effective and safe therapy for treatment of seasonal AR
when administered in an appropriate setting.

In our review, we identified studies assessing clinical ef-
ficacy of SCIT in patients with seasonal or perennial AR
since 2006. We found studies in this review have trended to
include multiple analyses of modified seasonal and peren-
nial antigens, comparison of SCIT to SLIT, and studies
attempting to elucidate the ideal duration of SCIT therapy
for the treatment of AR. It should be noted that multiple
studies in the analysis used antigen preparations that have
not obtained U.S. Food and Drug Administration (FDA)
approval. There are currently no FDA formulations for
SLIT therapy (Mauro et al.?® and Tahamiler et al.?!). Aller-
goid preparations are used in approximately 20% of SCIT
treatments in Europe® but currently no FDA preparations
are available (Williams et al.,>” Ceuppens et al.,”> Hoiby
et al.,”’ Riechelmann et al.,>* Pfaar et al.?®), although clini-
cal trials have been performed in the United States.* Aque-
ous or glycerinated extracts are most commonly used, but
there are a limited number of depot preparations avail-
able (Charpin et al.,'” Tabar et al.>%). It is estimated that
approximately 2.5 million Americans are receiving alum-
precipitated preparations of aeroallergen extracts.’> The
studies we reviewed were uniform in their assessments that
SCIT is effective in reducing symptoms and/or medication
use in patients being treated for seasonal or perennial AR.
Despite multiple studies using antigen preparations that
are not available in the United States, our analysis in con-
junction with the 2007 Cochrane review are supportive of
SCIT with FDA-approved formulations. We do feel that
depot preparations and allergoids will become more com-
monplace and U.S.-based practitioners should be aware of
the data supporting their use. Furthermore, multiallergen
therapy is most commonly practiced in the United States
while most quality studies in the immunotherapy literature
use single-antigen therapy. At this time there is no data to
suggest clinical efficacy or risk of adverse events are differ-
ent when comparing multiallergen to single-allergen ther-
apy, however the data on multiallergen therapy is limited.
Figure 1 displays comparative changes in symptom score,
medication score, or combined SMS for reviewed studies.

Analysis of aggregate data was not possible due to hetero-
geneity of outcome measures.

The duration of treatment in our study group ranged
from 1 year to 5 years. The optimal duration of treatment
with SCIT for allergic disease (including AR) is unknown,
and is likely dependent on multiple variables, including dos-
ing of maintenance injections, type of extracts used, and
scheduling of administration. No definitive studies exam-
ining clinical response and optimal duration for the treat-
ment of allergic rhinitis have been performed. One prospec-
tive study of 40 asthmatic patients who were treated with
HDM SCIT for 1 to 8 years, demonstrated that those re-
ceiving 3 or more years of therapy had a reduced rate of re-
lapse when compared to those who had completed less than
3 years (48% vs 62%, p = 0.04).3° What was demonstrated
in this review is that additional treatment beyond 2 years
for grass pollen SCIT and 3 years for HDM SCIT possesses
a measurable clinical benefit (the latter study for rhinitis
symptoms alone), and is consistent with findings of im-
munologic assays. Duration of therapy for SCIT must take
into account multiple factors, including relative risk/benefit,
tolerance of medications, patient compliance, and costs of
treatment in both monetary terms as well as time commit-
ment to therapy. Generally speaking, most clinicians will
attempt to treat for a target of 3 years, and then make a
biannual assessment of the risks and benefits of continu-
ation of therapy for up to 5 years. The optimal duration
of immunotherapy is an important research subject that
would benefit from future prospective studies in addition
to the identification of surrogate markers that could predict
clinical relapse.

Another major challenge facing immunotherapy clini-
cians and researchers is how to reliably assess for effi-
cacy of treatment. The majority of practitioners are us-
ing symptom reporting and use of medications as primary
outcome measures. No currently available tool based on
allergic symptomatology alone, however, has been vali-
dated, and significant heterogeneity exists within the lit-
erature, making study comparisons difficult.>®3” One vali-
dated tool evaluating the effect of allergic disease on quality
of life, the RQLQ score,'® has been proposed as a stan-
dardized measure of patient response. In our review, stud-
ies demonstrated consistent improvement in RQLQ scores
with AR for both seasonal and perennial SCIT, support-
ing results using other nonvalidated patient questionnaire
instruments.

In addition to the use of validated outcome instruments,
attempts are being made to identify objective measures of
clinical efficacy. This discovery would be a powerful tool
for clinicians. Early knowledge of the changes of in vivo
or in vitro markers would enable the clinician to not only
identify nonresponders and spare them the cost and po-
tential morbidity of therapy, but also provide the opportu-
nity to accurately adjust treatment dosing and duration to
maximize clinical efficacy for patients who respond to ther-
apy. Numerous immunologic markers are currently being
evaluated in clinical studies. Nonspecific levels of IgE and
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Tabar 2011 SMS
T1=3 years
T2=5 years
3-year treatment group

Pfaar 2011 SMS
T1=1 year
T2=2years

Haiby 2010 SMS
T1=18 months

Ceuppens 2009 SMS
T1=1 year (no difference)
T2=2 years
Lower airway excluded

Francis 2008 Symptom Score
T1=1 year

Charpin 2007 Medication Score
T1=1 year
T2=2years

Charpin 2007 Symptom Score
T1=1year
T2=2 years
Rhinitis symptom score | ‘

ETime 1
mTime 2

0% 10% 20%

40% 50% 60% 70%

FIGURE 1. Comparative improvements in symptom score, medication score, or combined SMS. *Did not achieve statistical significance. Time 1: data at first
follow-up interval (varied by study). Time 2: data at second follow-up interval. Data were omitted when study was not placebo-controlled or reporting did not

allow calculation of percent change.

ratios of specific IgE and total IgE have been evaluated with
limited success. The most promising marker may be specific
IgG4 antibody levels, which correlate with measures of clin-
ical efficacy after SCIT.?® Studies have also examined the
possibility of measuring peripheral cytokine production (ie,
IL-10) as a marker of a Th1-dominant immune response.>”
The studies analyzed in this review consistently showed an
increase in allergen-specific IgG4 levels. Further evaluation
of immunologic markers of efficacy is warranted and could
potentially play a significant role in the way immunother-
apy is administered.

Challenge testing is another way clinical efficacy can be
measured. Despite their widespread use, challenge tests
used for evaluating efficacy of SCIT have many limita-
tions due to confounding factors that may affect the ob-
jective result and interpretation. The main problem is the
long time period between the baseline and after treatment
test. However, challenge tests are well established for diag-
nosing occupational AR. Skin provocation, primarily, has
been shown to be decreased in several studies of SCIT for
the treatment of AR.>® However, different extracts have
varying potency, which makes comparison between stud-
ies difficult, especially in the presence of a negative result.
Further, any provocation test depends on a challenge with

a high dose of allergen, which may not be physiologic and
has not been shown to accurately predict clinical efficacy.
Pollen chambers administered before and after treatment
are an innovative solution in provocation assessment, but
they are not readily available in most centers. The data
from our review is varied regarding challenge testing. SCIT
did not uniformly demonstrate a significant change in chal-
lenge testing, which these authors attribute to limitations in
the outcome measure, not necessarily the treatment. These
results further suggest that challenge tests have a very lim-
ited role in the evaluation of immunotherapy clinical suc-
cess. The need for reliable objective measures of clinical
response will be instrumental to the future of immunother-
apy administration.

Adverse reactions and their management are a primary
consideration in the administration of immunotherapy. Al-
though there is a low risk of systemic reactions with SCIT,
anaphylaxis and fatal reactions do occur. The overall risk
of systemic reactions in patients receiving SCIT ranges from
<1% with the use of conventional schedules to as high as
34% in patients receiving rush up-dosing, which is usually
performed in a hospital setting.***3 A 15-year retrospective
review of the SCIT systemic reaction rate by Cox et al.**
found the percentage of systemic reactions per injection
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Patient presents with signs or symptoms of allergic rhinitis

!

Assess severity of symptoms and weigh risks/benefits of initial
intervention (medications, allergen avoidance) taking into
account patient preference, resources, and efficacy of prior
treatment.

Is
conservative
management
successful?

Objective evidence
of specific IgE
mediated allergy c/w
exposure and
symptoms? Is
patient a candidate
for subcutaneous
immunotherapy?

Yss

Discuss risks and benefits of
immunotherapy including
expected duration, frequency
of injections, cost, and
potential adverse events

Identify allergenic
extracts, define starting

dose, up dosing and
maintenance schedule

Initiate immunotherapy with appropriate
staff members trained to identify and
treat potential adverse reactions;
observe for at least 30 minutes after

injection

Continue
management; F/U

6-12 months or
as needed

Immunotherapy
not indicated

Identify reaction
Adverse and manage in

timely fashion

Reaction?

Reassess risk/benefit of

> immunotherapy; consider

dosing adjustment or
discontinuation of therapy

Follow up every 6-12
months or as needed for
evaluation/management
of adverse reactions or
co-morbidities
Assess at follow up:
efficacy of therapy,
reactions, compliance,
risk/benefit of
continuation of therapy

FIGURE 2. Key decision points in the administration of SCIT.4¢
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with conventional dosing was approximately 0.2%. A 2006
survey of American Academy of Allergy, Asthma, and Im-
munology (AAAAI) members administering SCIT did note
41 fatalities for the period of 1990 to 2001, equating to
approximately 3.4 deaths per year over that time period.*
The 2007 Cochrane review found a conservative estimate
of epinephrine use (marker of severe systemic reaction) to
be approximately 0.13% of patients undergoing SCIT. Of
note, no fatalities were reported in any of the studies re-
viewed. Review of our smaller data set demonstrated more
frequent systemic reactions in SCIT-treated groups than
placebo or SLIT-treated groups. There were 2 episodes of
anaphylaxis, 1 each in studies using grass pollen and HDM
allergen. Relative contraindications to initiation of SCIT
include severe, uncontrolled, or labile asthma because this
group has been shown to have an increased risk of adverse
events. Further, patients who have significant comorbidi-
ties such as autoimmune disease, pregnancy, malignancy,
or a condition that would impair their ability to survive a
severe systemic reaction, such as severe cardiopulmonary
disease, should be evaluated with caution. Patients who are
receiving beta blocker therapy are also at increased risk for
systemic reactions that may be treatment resistant and initi-
ation of SCIT in this population should also be approached
with caution. Once the decision to proceed with SCIT has
been made, it is the responsibility of the clinician to ed-
ucate the patient on potential risks and benefits including
rare, but serious systemic reactions that have in some cases
lead to death. Further, one must provide a clinical setting
where prompt recognition and treatment of severe systemic
reactions is ensured.

Practice parameters for immunotherapy have been de-
veloped by multiple international organizations. The Joint
Task Force representing the AAAAIL along with the Amer-
ican College of Allergy, Asthma and Immunology, and

the Joint Council of Allergy, Asthma, and Immunology
have produced a comprehensive practice guideline now
in its third update. The American Academy of Otolaryn-
gic Allergy (AAOA) was invited to review these guide-
lines and supports them as a good evidence-based doc-
ument. However, the AAOA has maintained its position
that these guidelines do not encompass all of the options
and evidence-based techniques available for immunother-
apy. While not considered official practice guidelines, the
AAOA has also produced the Scope of Knowledge for
Allergy and recommendations concerning optimal dosing
schedules for SLIT. The authors encourage all otolaryn-
gologists performing immunotherapy to review these rec-
ommendations and keep up to date with allergy-based and
otolaryngology-based best practices literature. Figure 2 out-
lines key decision-making points for the administration of
SCIT therapy.

Summary: SCIT for seasonal and perennial AR

Aggregate quality of evidence: A (Level 1b: 12 studies).

Benefit: Improvement in symptom and/or medication scores
and validated quality of life measures. Associated changes
in surrogate markers of immunologic protection.

Harm: Local and systemic reactions (rare but with signifi-
cant morbidity/mortality if they occur).

Cost: Moderate in both monetary cost and time commit-
ment.

Benefits-harm assessment: Preponderance of benefit over
harm in appropriately selected patients.

Value judgments: none.

Recommendation level: Recommend subcutaneous im-
munotherapy for patient with seasonal or perennial aller-
gic rhinitis not responsive to conservative medical therapy
and whose symptoms significantly affect quality of life. €
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