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Background i

Children with allergic rhinitis (AR) often experience significant impairment in quality of life and health, which increases health [
care utilization.

Objective

To determine whether allergen immunotherapy reduces health care utilization and costs in children newly diagnosed as having
AR using a retrospective matched cohort design.

Methods

Among children (age <18 years) with a Florida Medicaid paid claim between 1997 and 2007, immunotherapy-treated patients
were selected who had newly diagnosed AR, who had not received immunotherapy before their first (index) AR diagnosis,
who had received at least 2 immunotherapy administrations after their index AR diagnosis, and who had at least 18 months of
data after their first immunotherapy administration. A control group of patients with newly diagnosed AR who had not received [
immunotherapy either before or subsequent to their index AR diagnosis also were identified, and up to 5 were matched with
each immunotherapy-treated patient by age at first AR diagnosis, sex, race/ethnicity, and diagnosis of asthma, conjunctivitis, |
or atopic dermatitis. }

Results

\
Immunotherapy-treated patients had significantly lower 18-month median per-patient total health care costs ($3,247 vs [
$4,872), outpatient costs exclusive of immunotherapy-related care ($1,107 vs $2,626), and pharmacy costs ($1,108 vs $1,316) i
compared with matched contrals (P < .001 for all). The significant difference in total health care costs was evident 3 months |
after initiating immunotherapy and increased through study end.

|
\
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Conclusions

This study demonstrates the potential for early and significant cost savings in children with AR treated with immunotherapy.
Greater use of this treatment in children could significantly reduce AR-related morbidity and its economic burden.
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Introduction

Allergic rhinitis (AR) is the third most common chronic disease in children (age <18 years) in the United States, 1 with up to
40% affected.2 Untreated or inadequately treated AR can substantially impair children's quality of life3 and school performance
or learning ability4, 5, 6; can cause sleep disturbance and daytime fatigue and somnolence7 and depressed mood, irritability,
and behavioral problems3; and can interfere with social interaction and participation in sports and other outdoor activities.3
Untreated AR, especially in children, is associated with decreased appetite, poor growth, and failure to thrive4; worsening AR
symptoms8; and a substantially increased risk of asthma, conjunctivitis, eczema, eustachian tube dysfunction, otitis media,
lymphoid hypertrophy or obstructive sleep apnea, pharyngitis, and sinusitis. 4

Each year in the United States, AR accounts for 16.7 million physician office visits (children and adults),9 2 million missed
school days, 10 and $2.3 million (1996 US$) in direct costs for children younger than 12 years.11 The presence of AR in
children with asthma significantly increases health services use,12, 13 including a 250% increase in hospitalizations. 13
Because of the serious clinical and economic consequences of AR, early diagnosis and aggressive treatment should be
priorities.

Although used infrequently compared with pharmacologic treatments, allergen immunotherapy has proved to be a highly
effective and safe treatment for AR.14 In contrast to pharmacologic therapies, which temporarily relieve allergy symptoms
during use but do not remain effective after discontinuation, 15 studies16, 17, 18 of immunotherapy have shown 3 to 4 years of
consistent treatment results in sustained reduction of symptoms for 3 to 6 years after termination of immunotherapy. In
another study, children who had received 3 years of preseasonal grass pollen immunotherapy and who experienced a
significant reduction in AR symptoms relative to controls (who received pharmacotherapy) at study end continued to
demonstrate significantly reduced allergy symptoms compared with the control group when evaluated at 6 years19 and 12
years20 of follow-up. In addition to its long-term sustained efficacy, immunotherapy is the only treatment proved to alter the
course of allergic disease as demonstrated by its association with significant reductions in the likelihood that children with AR
will develop asthma21, 22, 23 and new sensitizations to aeroallergens.20, 24, 25

Given these important benefits, immunotherapy is likely to be a cost-effective option for the management of AR. A growing
number of studies have examined the cost-effectiveness of immunotherapy, but most have been conducted in Europe and
have focused on adult populations.26 Only 2 studies to date have examined the economic benefits of immunotherapy in
adults, children, or both in the United States. In 1999, a retrospective analysis of 603 adults and children enrolled in managed
care (1988-1992) with AR with or without asthma were followed up for 2 to 6 years after initiation of immunotherapy.27 The
per-person per-year cost of immunotherapy and nonimmunotherapy care was $1,206 for patients who completed a full course
of immunotherapy (=3.5 years) vs $668 for patients who discontinued immunotherapy before completing a full course.
Although the results seemed to suggest that immunotherapy is more costly than other AR treatments, the authors
acknowledged several caveats: (1) immunotherapy completers had higher health care costs than did noncompleters before
initiating immunotherapy, possibly due to being more severely ill or more compliant with taking allergy medications, and (2) the
short follow-up period (mean, 7 months) may not have allowed for accrual of significant cost savings.27 More recently, Hankin
and colleagues28 conducted a retrospective claims analysis of 354 Florida Medicaid-enrolled children with newly diagnosed
AR to determine the short-term cost savings associated with immunotherapy. The investigators found significant reductions in
the use of outpatient (P < .001), pharmacy (P < .001), and inpatient (P = .02) services in the 6 months after vs preceding
termination of immunotherapy. This reduction in health care utilization resulted in a 6-month total cost savings of $401, which
offset the average total cost of immunotherapy ($424 per patient). Limitations of this study included the short follow-up period
(6 months) and the lack of a control group.

To help resolve the conflicting results of these studies, we designed a more robust study that included a retrospective matched
cohort design and a longer follow-up period (18 months). Drawing from the same Florida Medicaid database as was previously
used (with 2 additional years of data),28 we sought to determine whether children with newly diagnosed AR who received
immunotherapy (the immunotherapy-treated group) incurred less health care utilization and fewer costs during an 18-month
follow-up period compared with a matched group of AR-diagnosed children who did not receive immunotherapy (the control
group).
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Methods
Florida Medicaid Data Set

Florida Medicaid provides access to health care for more than 2 million low-income individuals, and more than half of the
enrollees are younger than 21 years. Computerized Florida Medicaid claims records contain basic demographic information,
International Statistical Classification of Diseases and Related Health Problems (ICD-9) codes that indicate diagnoses, Current
Procedural Terminology codes that indicate procedures, and National Drug Codes that indicate type and strength of
medications, number of administrations per medication fill, number of days supplied per medication fill, and payment data.
Information is patient de-identified and is fully compliant with the Health Insurance Portability and Accountability Act Privacy
Rule. Because this observational study involved the analysis of claims data that were patient de-identified, it was exempt from
review by an institutional review board.

Definition of Terms

The presence of an AR diagnosis was identified by /CD-9 code 477.X. Immunotherapy use was identified by Current
Procedural Terminology codes 95115, 95117, 95120, 95125, 95144, 95165, 95180, and 95199. The presence of comorbid
allergy-related illness was identified by the following /CD-9 codes: asthma, 493.X; atopic dermatitis, 691.8; and conjunctivitis,
372.X. Patients with newly diagnosed AR were defined as those whose first AR diagnosis was preceded by a full year in which
no AR diagnoses occurred. Patients were characterized as receiving de novo immunotherapy if their first documented
immunotherapy claim followed (rather than preceded) their first AR diagnosis.
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Study Sample

Participants were selected from Florida Medicaid enrollees who had a paid claim between July 1, 1997, and June 30, 2007. To
identify the pool of eligible immunotherapy-treated patients, first we selected patients younger than 18 years with a diagnosis
of AR. Second, we retained only patients who were newly diagnosed with AR. Third, we retained those who had received de
novo immunotherapy. Fourth, we excluded patients who had received fewer than 2 immunotherapy administrations after their
first AR diagnosis. Finally, only those who had at least 18 months of follow-up data after initiating immunotherapy were
retained.

To identify the pool of eligible control patients, we followed the first 2 steps described in the previous paragraph for selecting
immunotherapy-treated patients. Then, we selected those who had not received immunotherapy preceding their first AR
diagnosis. Finally, we retained only those who had no immunotherapy administrations at any time during the study.

After identifying the pools of eligible immunotherapy-treated and control patients, 1 or more control patients were matched with
each immunotherapy-treated patient on the following variables: (1) age at first AR diagnosis, (2) sex, (3) race/ethnicity, and (4)
diagnosis of asthma, conjunctivitis, or atopic dermatitis. Only matched control patients with at least 18 months of follow-up
data after their match date were retained. Each immunotherapy-treated patient was matched with up to 5 control patients.
Eligible immunotherapy-treated patients who could not be matched were excluded from further analysis.

Data Analyses

Data sets from July 1, 1997, through June 30, 2007, were provided by the Florida Medicaid Program in 30 files in compressed
text format. These were decompressed and imported for analysis using statistical software (SAS/STAT version 7; SAS
Institute Inc, Cary, North Carolina). As is commonly seen when analyzing data on health care utilization and cost,29 data were
not normally distributed but instead were highly skewed to the right (ie, a few patients had extremely high resource use and
costs); we, therefore, performed Wilcoxon signed rank tests to compare the groups' 18-month median per-patient health care
use and costs. Arithmetic means for health care utilization and costs are valuable in health care policy decision making and so
also are presented. Health care components included total inpatient stays, total outpatient visits (with outpatient visits inclusive
and exclusive of immunotherapy-related care reported separately), total pharmacy fills, and total health care use.

Back to Article Outline

Results

Sample Identification and Characteristics

The results of sample identification procedures used to determine the pool of eligible immunotherapy-treated patients and
controls are shown in Fiqure 1. There were 2,985 eligible immunotherapy-treated patients and 176,202 eligible controls. After
matching, 2,771 patients in the immunotherapy-treated group and 11,010 in the matched control group remained. Among all
children enrolled in Florida Medicaid between 1997 and 2007, 7.6% (264,147 of 3,472,786) received a diagnosis of AR.
Among patients with newly diagnosed AR, 2.5% (4,571 of 181,682) received de novo immunotherapy.

Figure 1.

Flowchart of the steps used to identify the sample of patients newly diagnosed as having
allergic rhinitis (AR) who received de novo immunotherapy (IT) (IT-treated patients) and
the sample of patients newly diagnosed as having AR who did not receive de novo IT
(potential pool of controls). Subsequently, each IT-treated patient was matched with up
to 5 controls.

St raem ettt St

View Large Image | Download to PowerPoint

Immunotherapy Utilization

Table 1 displays descriptive information about the use of immunotherapy in the immunotherapy-treated group (N = 2,771)
during the 18 months after treatment initiation. The mean number of immunotherapy administrations received was 24, with a
mean gap between immunotherapy administrations of approximately 2 weeks during induction and 3 weeks during
maintenance. During induction, approximately 21% of the patients received immunotherapy injections at least every week, on
average. The mean and median costs of immunotherapy during the 18-month period were $628 and $463, respectively.

Table 1. IT Use Across 18 Months in 2,771 IT-Treated Patients in the Matched Sample

Characteristic Mean SD Median Minimum Maximum
IT administrations, No. 24 20 18 1 130

Time between IT administrations, da

Induction 15.2 16.7 103 1 178
Maintenance 18.9 18.6 14 1 235
Total per-patient cost of IT for 18 mo, $ 628 566 463 8 3,837
Cost per IT administration, $ 31 236 25 5 280b

Abbreviation: IT, immunotherapy.

alnduction refers to the first 6 months of IT and maintenance refers to [T received after the first 6 months.
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bCosts at the higher end include codes for rapid desensitization, in which multiple injections are given during an accelerated induction
regimen.

Health Care Utilization and Costs

Table 2 displays the 18-month median per-patient health care use and costs for the immunotherapy-treated group and
matched controls who did not receive immunotherapy. Immunotherapy-treated patients had significantly lower 18-month
median per-patient total health care costs (inclusive of immunotherapy costs) compared with matched controls who did not
receive immunotherapy ($3,247 vs $4,872; P < .001). This cost difference was largely attributable to significantly lower 18-
month median per-patient outpatient costs exclusive of immunotherapy-related care ($1,107 vs $2,626, P < .001).
Immunotherapy-treated patients had significantly lower 18-month median per-patient pharmacy costs than matched controls
(1,108 vs $1,316; P < .001), but there was no significant difference in the median number of pharmacy fills. There was a trend
toward lower 18-month median per-patient inpatient costs in the immunotherapy-treated group vs the matched control group
(83,901 vs $4,414; P = .06). Both groups had a similar median number of hospital stays (1.0; P = .28). Table 3 provides the
median per-patient health care costs for both groups at 3, 6, 12, and 18 months. Total health care costs, outpatient costs
(exclusive and inclusive of immunotherapy-related care), and pharmacy costs for the immunotherapy-treated group were
significantly lower than those for the matched control group as early as 3 months after initiating immunotherapy, and there
continued to be significant separation between the groups at 6, 12, and 18 months. At no time did the groups significantly
differ regarding inpatient costs.

Table 2. Comparison of 18-Month Median Per-Patient Health Care Utilization and Costs Between IT-Treated
Patients and Matched Controls Who Received No IT

Participants, No. Mean value Median value P
valuea
IT-treated Matched IT-treated Matched IT-treated Matched
patients controls patients controls patients controls

Health Care Claims

Inpatient stays, 75 98 1.5 3.1 1.0 1.0 .28
No.
Outpatient visits, 2,767 10,757 46.0 51.8 36.0 30.0 .29
total No.
Outpatientb 2711 10,529 245 474 15.0 304 <.001
T 2,771 NA 24.1 NA 18.0 NA
Pharmacy fills, 2,668 10,029 287 284 220 23.2 15
total No.

Health Care Costs

Total inpatient 75 98 6,679 13,479 3,901 4414 .06
costs, $
Total outpatient 2,767 10,757 3,268 7,664 1,829 2,594 <.001
costs, $
Outpatientb 2,711 10,529 2,388 6,618 1,107 2,626 <.001
T 2,771 NA 628 NA 463 NA
Total pharmacy 2,668 10,029 1,838 2,781 1,108 1,316 <.001
costs, $
Total healthcare 2,769 10,834 5,006 11,733 3,247 4,872 <.001
costs, $c

Abbreviations: IT, immunotherapy; NA, not applicable.

aP values are for Wilcoxon signed rank tests comparing medians of the IT treatment and matched control groups.

bExcludes outpatient visits related to IT or the cost of IT.

cincludes the cost of IT.

Table 3. Differences in Health Care Costs® Between IT-Treated Patients and Matched Controls During 18-Month
Follow-up

Cost category Study time points Between-group differences
3 mo 6 mo 12 mo 18 mo
Total health care costs, $
[T-treated patients 790 1,347 2,345 3,247 P < .001 at all time points

Matched controls 1,038 1.874 3,406 4,872

file:///Volumes/Resident's%20study%20articles/Allergen%20immunotherap...or%20children%20with%2 0allergic%20rhinitis:%20a%20large-sc.webarchive Page 4 of 8



Allergen immunotherapy and health care cost benefits for children with allergic rhinitis: a large-scale, retrospective, matched cohort study 1/4/12 4:16 PM

Inpatient costs, $
IT-treated patients 1,770 3,057 2918 3,901 Nonsignificant at all time points
Matched controls 2,573 2,754 4,682 4,414

Outpatient costs exclusive of IT, $
IT-treated patients 239 416 772 1,107 P < .001 at all time points
Matched controls 644 1,107 1,903 2,626

Outpatient costs inclusive of IT, $
IT-treated patients 465 805 1,358 1,829 'P<.001 at all time points
Matched controls 635 1,086 1,887 2,594

Pharmacy costs, $
IT treated patients 272 465 829 1,108 P <.001 at all time points

Matched controls 316 533 936 1,316

Abbreviation: IT, immunotherapy.

aAll costs are median and per patient.
Back to Article Outline

Discussion

In this retrospective, matched cohort study, we compared matched groups of children with newly diagnosed AR who either did
or did not receive immunotherapy after their first AR diagnosis. Even after matching groups by sex, race/ethnicity, age at first
AR diagnosis, and the presence of AR-related comorbid illnesses (asthma, conjunctivitis, and atopic dermatitis), patients in the
immunotherapy-treated group incurred 33% ($1,625) lower 18-month median per-patient overall health care costs; 29% (§765)
to 58% ($1,519) lower outpatient costs; and 16% ($208) lower pharmacy costs (P < .001 for all) after immunotherapy initiation.
Furthermore, these significant reductions were evident as early as 3 months after immunotherapy initiation and increased
during the 18-month follow-up period.

These findings confirm and strengthen those of earlier studies. In a previous study, 28 we found that the cost of
immunotherapy was offset by the cost savings accrued during the 6 months after immunotherapy completion, but we did not
find additional cost savings. An ltalian retrospective study30 compared the average direct health care costs of 135 children
and adolescents with AR and asthma, asthma alone, or AR, asthma, and conjunctivitis during the year before immunotherapy
was initiated with those accrued during the 3 years of immunotherapy. Compared with the year before immunotherapy
initiation, the average annual per-patient total health care cost was 56% lower during the 3 years of immunotherapy. The
investigators also found no significant difference in the average annual per-patient direct health care costs (>4 years) for a
subset of asthmatic patients who had received immunotherapy (n = 41) and a matched sample of asthmatic patients who did
not receive immunotherapy. Ariano et al31 conducted a 6-year prospective study in which 30 patients with seasonal rhinitis
and asthma were randomly assigned to receive 3 years of immunotherapy or pharmacologic treatment and then were followed
up for an additional 3 years after completing treatment. Although no significant cost differences were seen in the first year of
treatment, immunotherapy-treated patients had 15% (P < .001) and 48% (P < .001) lower health care costs in the second and
third years of treatment, respectively. These statistically significant cost differences were maintained during the 3 years after
immunotherapy discontinuation and peaked at 80% (P < .001) in the sixth year of the study (third year after immunotherapy
termination). The average annual net savings after more than 6 years was $830. In addition to these retrospective and
prospective cost studies, several European economic modeling studies have provided support for the cost-effectiveness of
immunotherapy.26

Several limitations should be mentioned about the present study. First, we sought to match patients on potentially confounding
variables but may have overlooked or been unable to control for other important characteristics, such as patient adherence to
pharmacologic medications and use of allergen avoidance interventions. Allergen avoidance interventions are recommended
as a first step in allergy treatment, but there are no procedural codes associated with educating families about these methods,
and so we could not determine whether immunotherapy-treated patients and matched controls were equally likely to receive
information about allergen avoidance, and neither did we have information regarding parents' implementation of recommended
avoidance measures. Second, because this was a retrospective, observational study, we cannot make assumptions about
causality. Third, because study participants were enrolled in a public health care plan, findings may not generalize to
individuals receiving care through private health care systems. Finally, although several studies, including the present study,
have found that immunotherapy-related cost savings increase across time,31 the duration of follow-up (18 months) was limited
by the relatively few participants who had received immunotherapy and who were continuously enrolled throughout the study
(=12 months before and 18 months after immunotherapy initiation).

Children with AR may be even more vulnerable than adults to undertreatment because they may be unable to verbalize their
symptoms, 32 frequently do not complain of symptoms specific to AR, 4, 8 and often present with recurrent sore throats or
upper respiratory tract infections.4 Consequently, physicians may misattribute these symptoms to colds or viral infections, 33
resulting in multiple unnecessary courses of antibiotics.4

Immunotherapy remains an underused treatment for AR in the United States and elsewhere despite the large body of evidence
that supports its effectiveness and safety for the treatment of AR,34 including its unique properties as an allergic disease—
modifying treatment.20, 21, 22, 23, 24, 25, 35 Studies27, 28, 36 have shown that only 3% to 5% of US children and adults with
AR, asthma, or both have received immunotherapy. In a randomly selected representative sample of 726 adolescents and
adults (age range, 14—44 years) in Denmark screened for the presence of respiratory symptoms and treatment, and
subsequently physician diagnosed as having AR, asthma, or both, only 2% (n = 12) reported currently receiving
immunotherapy.37 Investigators' careful evaluation of each participant revealed that 12 persons with allergic asthma with or
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without AR (2%; 12 of 493), 219 persons with moderate-to-severe AR with or without asthma (31%), and 146 with AR and
asthma (21%) were clinically appropriate for immunotherapy. Thus, although only 12 persons were currently receiving
immunotherapy, 377 should have been considered for the treatment of AR or asthma with immunotherapy.

The data reported in this study and in others noted previously herein suggest that we are missing an opportunity to
significantly improve health outcomes and reduce health care costs by underusing immunotherapy when appropriate. Possible
reasons for the underuse of immunotherapy include lack of primary care physician training in identifying patients appropriate
for referral and specialty immunotherapy evaluation38 and concerns about the safety and appropriateness of immunotherapy,
especially in young children.39 Studies40, 41, 42 have reported poor patient compliance with immunotherapy, and improved
adherence is likely to increase treatment effectiveness, improve patient health, and further reduce health care costs. However,
poor adherence is an insufficient explanation for the particularly low use of immunotherapy given that allergy medications, the
most commonly prescribed treatment for AR, are also associated with low adherence rates. 43

In summary, this is the second US-based study to demonstrate substantial health care cost savings associated with
immunotherapy and provides even stronger evidence for the cost benefits of this allergy treatment than our previous study.28
Furthermore, this is the first study to show a significant separation between immunotherapy-treated patients and matched
control patients in health care costs as early as 3 months after treatment initiation. The present data suggest that more
frequent use of immunotherapy in the United States could lead not only to improved clinical outcomes but also to early and
consistent reduced direct medical expenditures in children with AR.
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