Real-life compliance and persistence among users of
subcutaneous and sublingual allergen immunotherapy
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Background: Subcutaneous allergen immunotherapy (SCIT)
and sublingual allergen immunotherapy (SLIT) are safe and
effective treatments of allergic rhinitis, but high levels of
compliance and persistence are crucial to achieving the desired
clinical effects.

Objective: Our objective was to assess levels and predictors of
compliance and persistence among grass pollen, tree pollen, and
house dust mite immunotherapy users in real life and to
estimate the costs of premature discontinuation.

Methods: We performed a retrospective analysis of a
community pharmacy database from The Netherlands
containing data from 6486 patients starting immunotherapy for
1 or more of the allergens of interest between 1994 and 2009.
Two thousand seven hundred ninety-six patients received SCIT,
and 3690 received SLIT. Time to treatment discontinuation was
analyzed and included Cox proportional hazard models with
time-dependent covariates, where appropriate.

Results: Overall, only 18% of users reached the minimally
required duration of treatment of 3 years (SCIT, 23%; SLIT,
7%). Median durations for SCIT and SLIT users were 1.7 and
0.6 years, respectively (P <.001). Other independent predictors
of premature discontinuation were prescriber, with patients of
general practitioners demonstrating longer persistence than
those of allergologists and other medical specialists; single-
allergen immunotherapy, lower socioeconomic status; and
younger age. Of the persistent patients, 56% were never late in
picking up their medication from the pharmacy. Direct
medication costs per nonpersistent patient discontinuing in the
third year of treatment were €3800, an amount that was largely
misspent.

Conclusion: Real-life persistence is better in SCIT users than in
SLIT users, although it is low overall. There is an urgent need
for further identification of potential barriers and measures that
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will enhance persistence and compliance. (J Allergy Clin
Immunol 2013;EmN:NEE-EEN,)
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Allergic rhinitis, or rhinoconjunctivitis, is a prevalent and
exceedingly common condition associated with significant
morbidity and substantial costs.'? Today, subcutaneous allergen
immunotherapy (SCIT) and sublingual allergen immunotherapy
(SLIT) are established treatment modalities for patients with
moderate-to-severe allergic rhinitis. Evidence for efficacy has
been demonstrated in many randomized controlled trials and
in several meta-analyses.'™ At least 3 years of treatment is re-
quired to obtain the long-term benefits and disease-modifying
effects of immunotherapy.s’6 However, both clinical trials and
real-life studies have shown that treatment persistence and
compliance are frequently problematic, particularly in real-life
studies.””"® This will jeopardize the effectiveness of immuno-
therapy and implies that a significant proportion of scarce re-
sources is invested without achieving the maximum benefit.
Many studies were done in subgroups of patients,'”!" used tele-
phone interviews,'* or had a small sample size.'>"'® Moreover,
prior studies focused on compliance and persistence in either
SCIT users or SLIT users but not in both. Therefore a joint
analysis for both SCIT and SLIT in one large real-life database
was warranted.

In The Netherlands both SCIT and SLIT can be initiated and
administered by general practitioners and specialists. General
practitioners act as gatekeepers to specialized care, which implies
that patients with allergic rhinitis need a referral from their
general practitioner before they can visit the allergologist.
Patients with more complex conditions are more likely to be
referred than patients with less complex conditions. Because of
the general practitioner’s important role in the health care system,
prescription of allergen immunotherapy, referral to specialized
care, or both are subjected to widely implemented guidelines on
the diagnosis and treatment of allergic rhinitis. These guidelines
state that a positive skin prick test, the presence of specific IgE, or
both to clinically relevant allergens in the presence of sufficient
complaints and insufficient response to symptomatic medication
are required to warrant the initiation of allergen immunother-
apy.17 Community pharmacies function as a distribution point for
immunotherapy; the drugs are picked up by the patient and, in the
case of SCIT, handed over to her or his treating physician. Al-
though specialists are mainly hospital based, until recently,
most prescriptions have been handled by community pharmacies.
Immunotherapy is being reimbursed by insurance companies. De-
pending on the individual sensitization pattern, up to 3 allergens
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Abbreviations used
GP: Grass pollen
HDM: House dust mite
HR: Hazard rate
SCIT: Subcutaneous allergen immunotherapy
SES: Socioeconomic status
SLIT: Sublingual allergen immunotherapy
TP: Tree pollen
WHO: World Health Organization

are usually administered, although SCIT with 3 allergens is
generally administered at the office of the allergologist.

We performed an analysis of a retrospective database contain-
ing real-life dispensing data from Dutch community pharmacies.
The aim of the study was 3-fold. The first goal was to assess the
persistence and compliance with immunotherapy for grass pollen
(GP), tree pollen (TP), and/or house dust mite (HDM) allergy. The
second goal was to identify independent predictors of persistence
and compliance among the variables available in the database.
Finally, we aimed to estimate the costs of immunotherapy among
those prematurely discontinuing treatment.

METHODS

Patients and setting

Using the World Health Organization (WHO) Anatomical and Therapeutic
Class code for allergen immunotherapy, VO1 A, we identified all patients aged
18 years or older in the PHARMO Record Linkage System who first started
immunotherapy between January 1, 1994, and December 31, 2009 (n = 7851).
No prescription of immunotherapy in the 3 years preceding the start of the first
course (the index course) of immunotherapy was allowed to avoid any role of
long-term effects of previous courses of immunotherapy. The PHARMO Record
Linkage System is a network of linked databases providing drug-dispensing
records from community pharmacies. In 2011, the database contained data from
350 community pharmacies throughout The Netherlands and more than 3.2
million residents. The PHARMO database covers roughly one eighth of the total
Dutch population, being representative of the entire country.'®!® From the initial
group of patients using immunotherapy, we selected all patients (n = 6486) us-
ing immunotherapy for the most frequently occurring and regularly treated sen-
sitizations occurring in Europezo: HDM (n = 831), GP (n = 2082), and TP
(n = 1154). Two thousand four hundred nineteen patients used a combination
of the aforementioned extracts, either premixed or as separate drugs. Selection
of allergens was also made according to national and international guidelines
and excluded the use of immunotherapy aimed at venoms, weeds, and (domes-
tic) animals.'”*' Roughly one quarter of all patients receiving SCIT (n = 2796)
were treated with more than 1 allergen administered in separate injections
(n = 735), whereas 37% of patients receiving SLIT (n = 3690) were treated
with premixed combinations (mixtures of GPs and TPs, n = 1362). Patients
were followed until they ended immunotherapy, left the study cohort, died, or
met the end of the observation period, December 31, 2009. Only the first course
of immunotherapy was included in the analysis.

Data

The PHARMO database contained data on age, sex, postal code, dates of
pharmacy visits, dispensed brand of immunotherapy, amount of the prepara-
tion dispensed, route of administration, Anatomical and Therapeutic Class
code, prescriber, and retail price of the preparation. The latter included a
markup to cover pharmacy expenses. The last known prescribing physician
was used to define the indicator variable “prescriber” because in practice she
or he is the physician involved in the largest portion of the treatment period. In
the few cases that the PHARMO database was unclear about the amount of
drugs prescribed, detailed information on the exact nature and amount of drug
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dispensed (eg, a bottle of 5-mL injection fluid and 5 sterile injection syringes)
was obtained from the database of the Dutch Royal Pharmaceutical Society.
For each preparation, a dosing scheme was obtained from the manufacturer.
The database was linked to a database from the Social and Cultural Planning
Agency, which contained information on the socioeconomic status (SES) of
the postal code of residence.”” Because the PHARMO database contained no
diagnostic codes, the presence of allergic rhinitis was implicitly assumed from
the use of allergen immunotherapy.

Persistence and compliance

The method of continuous measurement of medication gaps was used to
study compliance and persistence.?® For each preparation, a maximum per-
missible gap between 2 pharmacy visits was defined based on the dosing
scheme and taking into account potential dose reductions in case of side ef-
fects. The latter had to remain within the recommendations of the pharmaceu-
tical company with respect to the dosing scheme. The actual time between 2
consecutive pharmacy visits to collect immunotherapy was compared with
the permissible gap. When patients visited the pharmacy early (ie, before
the end of the permissible gap), we added the amount of medication that
was not yet used to the newly collected amount of medication. In this way
patients could build up an extra drug stock, which could contain a maximum
of 3 months of medication. Three months was chosen because Dutch physi-
cians are generally not allowed to prescribe drug amounts for more than
3 months. The extra drug stock was used when a patient exceeded the max-
imum permissible gap (ie, to extend the permissible gap). A patient was la-
beled as nonpersistent when she or he did not reach the minimum
treatment duration of 3 years. If a patient ceased to pick up any further pre-
scriptions from the pharmacy for 3 months (plus the number of days’ worth
the drugs they have in stock, if applicable), after the end date of the last per-
missible gap, the course of immunotherapy was considered discontinued. The
active treatment duration was then calculated as the sum of the days receiving
active treatment (ie, the days that fell within the maximum permissible gap).
A patient was labeled as noncompliant when she or he ever exceeded the per-
missible gap and thus had at least 1 late pharmacy visit (Fig 1). By definition,
a nonpersistent patient was noncompliant. Because a meaningful comparison
of the number of late pharmacy visits (noncompliance) is only relevant in pa-
tients with an equal duration of treatment, we investigated the degree of non-
compliance (ie, the number of late pharmacy visits) only in persistent patients
using 1 allergen. The total costs of immunotherapy in nonpersistent patients
were calculated by using retail drug prices that were recorded in the
PHARMO database.

Statistical analysis
We investigated which of the following variables that were available in the
database were independently associated with nonpersistence and noncompliance:

1. age, sex, SES, and geographic location of residence;

2. route of administration: SCIT versus SLIT;

3. allergen: immunotherapy for GP (reference category) versus that for
TP, HDM, or a combination of these (no distinction between premixed
or nonpremixed combination therapy was made); and

4. prescriber: general practitioner (reference category) versus allergolo-
gist and other medical specialists (ear, nose, and throat physicians
and pulmonologists).

Interaction effects between these variables, if relevant, were also reported.

We hypothesized that apart from demographic variables, the route of
administration, allergen group, and prescriber might influence persistence and
compliance. It is conceivable that office-based treatment with SCIT is
accompanied by better compliance and persistence than SLIT, and although
the route of administration clearly plays a role, the direction of the effect
appears to be unclear.”* Combinations of allergens might serve as a proxy of a
greater allergy burden influencing compliance and persistence positively.® The
rationale for including the prescribing physician as a predictor was provided by
Osterberg and Blaschke.?> We expected that compliance and persistence would
be better with allergologists because they might see the most severely affected
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FIG 1. Behavior in 4 patients attempting to fulfill a full 3-year course of immunotherapy (/T; simplified). Each
vertical marker equals 3 months or one quarter of a year, which in this example equals 1 package of immu-
notherapy vials or tablets. DI, Dispensing interval; (max.) perm. gap, (maximum) permissible gap. Patient
A is both compliant and persistent. Patient B is noncompliant but persistent. Patient C is nonpersistent
and therefore noncompliant. Patient D is both noncompliant and nonpersistent.

patients who are likely to benefit most from treatment; alternatively, the short
distance to the GP would favor compliance and persistence in primary care.

First, Kaplan-Meier curves of the time to treatment discontinuation were
constructed for all variables listed above, and log rank tests were performed.
Because patients were considered nonpersistent if they did not complete a
treatment duration of 3 years, the time to treatment discontinuation was cut off
at a maximum of 3 years for all persistent patients.

Second, Cox proportional hazard models were constructed to investigate
whether there was an independent association between the abovementioned
variables and premature discontinuation of treatment. Because log-log plots
indicated that the effect of various factors differed between the first year after
the start of treatment and the 2-year period thereafter, separate Cox models
were constructed to estimate hazard rates for the first year and the next 2 years.

Third, binary logistic regression was used to investigate the probability of
becoming noncompliant while receiving treatment. This was done in persis-
tent patients only. Additionally, the number of late pharmacy visits was
calculated.

Analyses were performed with SAS 9.2 (SAS Institute, Cary, NC) and
SPSS 19 (Chicago, Ill) software.

Sensitivity analysis

In a sensitivity analysis the drug stock, which could be filled with up to
90 days’ worth of medication by means of timely pharmacy visits, was
disregarded. By doing so, early pharmacy visits could no longer be used to
compensate for late pharmacy visits (ie, the analysis of compliance and
persistence became more stringent).

RESULTS
Patient and treatment characteristics

Immunotherapy users were, on average, in their fourth decade
of life, with a slight predominance of female sex. Users had a
slightly higher SES than the general population (P < .001), as
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displayed in Table I. Sixty-eight percent of SCIT prescriptions and
83% of SLIT prescriptions came from general practitioners,
whereas 14% of SCIT prescriptions and 1% of SLIT prescriptions
came from allergologists (P <.001). SCIT was more frequently
prescribed for GP allergy, whereas SLIT was more frequently pre-
scribed for HDM allergy and a combination of allergies (P <.001).
A greater proportion of SCIT users lived in the more populous and
urbanized western part of The Netherlands, whereas SLIT users
were more likely to live in the more rural south (P <.001).

Univariable analysis of persistence: Kaplan-Meier
curves

Overall, 891 (13.8%) of the patients starting immunotherapy
were fully persistent. Median time to treatment discontinuation
was 1.0 year. Stratification for route of administration resulted in
median time until discontinuation of 1.7 years for SCIT and
0.6 years for SLIT. Including discontinuation times beyond
3 years, the mean time until discontinuation was 3.7 years for
SCIT and 1.5 years for SLIT. Premature discontinuation of
treatment among SLIT users was most prominent around 3 months
after the start of treatment, whereas discontinuation among SCIT
users was most noticeable 1 year after the start of treatment (Fig 2,
A, and Table II). After 1 year, 62% had stopped using SLIT com-
pared with 20% who had stopped using SCIT. At 3 years, these
figures were 93% and 77%, respectively.

Stratification by allergen showed that GP immunotherapy
users, TP immunotherapy users, or both had a median treatment
duration of 1.0 year compared with 0.7 years for HDM immu-
notherapy users. Both GP and TP immunotherapy users showed a
prominent decrease in persistence at 1 year (Fig 2, B, and Table
II). This was not seen among HDM immunotherapy users and
users of combination therapy.

Stratification by prescriber showed that persistence was worse
when immunotherapy was prescribed by other medical special-
ists, such as ear, nose, and throat physicians and pulmonologists
(Fig 2, C, and Table II). Patients receiving their medication from
an allergologist have a median time until treatment discontinua-
tion of 1.2 years compared with 1 year for the general practi-
tioners and 0.7 years for other medical specialists. Older
patients were more persistent than younger patients, and patients
from the southern and western parts of The Netherlands had a
higher 1-year persistence than patients from the eastern and north-
ern parts. SES was significantly related to persistence, but sex was
not (Table II and see Fig E1 in this article’s Online Repository at
www.jacionline.org).

Multivariable analysis of persistence: Cox model

A time-dependent Cox regression model was constructed
because the proportional hazards assumption was not satisfied
for a number of variables. Separate hazard rates (HRs) before and
after 1 year of treatment were calculated (Table III). The HR of
route of administration (SLIT vs SCIT) displayed a significant
(P <.001) time-dependent relationship: during the first year, the
HR of premature discontinuation of patients taking SLIT versus
SCIT was 2.60, decreasing to 1.82 after 1 year.

The hazard of premature discontinuation was higher among
patients treated by allergologists than among patients treated by
general practitioners, with an HR of approximately 1.34, which
was not time-dependent. The HR of other medical specialists
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TABLE I. Individual and therapy-related characteristics of
studied SCIT and SLIT users

Total
SCIT (n = 2796)  SLIT (v = 3690) (N = 6486)

Mean age (y) 46 (SD, 13) 43 (SD, 12) 44
Male sex (%) 45 43 44
SES* —0.20 (SD, 0.85) —0.16 (SD, 0.85) —0.18
Prescriber (%)

General practitioner 68 83 76

Allergologist 14 1 7

Other specialist 18 16 17
Allergen (%)

GP 41 25 32

TP 20 16 18

HDM 8 17 13

Combination{ 31 42 37
Geographic location (%)

West 42 27 33

East 19 16 17

South 33 52 43

North 7 6 6

*Mean residential SES factor scores. Negative SES factor scores indicate a higher
status than the population mean, and higher SES factor scores indicate a lower status.
FCombination = premixed and/or nonpremixed combination therapy.

versus general practitioners was also positive and time-depen-
dent, with an HR of 1.43 during the first year and 1.28
thereafter.

Use of combination therapy displayed a time-dependent
relationship with premature discontinuation (ie, the direction
of the effect changed from being a hazard-reducing factor in the
first year [HR, 0.82] to being a neutral factor [HR, 1.02] in years
2 and 3).

Increased age was negatively associated with premature discon-
tinuation, and persistence increased with each subsequent age
quartile. This association was not time-dependent. The lowest
SES quartile showed a time-dependent relationship with premature
discontinuation: an HR of 1.12 for the first year of treatment,
switching to a value of 0.87 for years 2 and 3. Also, an important but
non—time-dependent interaction was found between route of ad-
ministration and allergen group: the HR of SLIT versus SCIT was
2.50 for GP immunotherapy, 2.14 for TP immunotherapy, 2.52 for
HDM immunotherapy, and 3.17 for combination immunotherapy.

Analysis of compliance

Of the persistent monotherapy users (n = 565), 56% were fully
compliant (ie, they had no late pharmacy visits). In the remaining
249 noncompliant patients, the mean number of late pharmacy visits
was 1.4 (95% CI, 1.2-1.7). One hundred sixteen patients (47% of all
noncompliant cases) were late once, and 49 patients (20% of all
noncompliant cases) were late twice. The remaining 84 patients
were late 3 times or more. The mean number of late pharmacy visits
was 0.6 in those receiving SCIT and 3.7 in those receiving SLIT. In a
logistic regression of compliance, the route of administration was
found to be the main predictor of noncompliance: SLIT users had a
crude odds ratio of 2.79 when compared with SCIT users (P <.001).
Sixty-two percent of SLIT users were not compliant compared with
37% of SCIT users. When the same predictors as in the Cox regres-
sion model of persistence were entered into the logistic regression
model, the odds ratio of the SLIT versus SCIT groups was found
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FIG 2. Kaplan-Meier curves and summaries of time to treatment discontinuation by route of administration
(A), allergen (B), and prescriber (C). P values of predictor level distribution equality are less than .001 (right

censored for deceased and relocated cases).

to be 1.93 in patients with GP allergy, 2.58 in patients with TP al-
lergy, and 16.91 in patients with HDM allergy. A second interaction
effect existed between the allergen and the prescriber: the odds ratio
of HDM users versus GP users was 0.28 in general practitioners,
1.16 in allergologists, and 2.96 in other specialists. The odds ratios
of TP versus GP were 0.91 in general practitioners, 0.33 in allergol-
ogists, and 2.72 in other specialists. Also, patients from the eastern
and northern parts of The Netherlands were at increased risk of be-
coming noncompliant when compared with patients from the west-
ern part, with odds ratios of 1.98 and 2.22, respectively. Sex, age, and
SES were not found to be significant predictors of noncompliance
(see Table El in this article’s Online Repository at www.
jacionline.org).

Costs of nonpersistence
The entire study cohort (both persistent and nonpersistent
patients) had total direct pharmaceutical costs of €14.2 million or

€2214 per patient during their first (combined) course of immu-
notherapy, regardless of its duration. Mean costs per patient com-
pleting 3 to 5 years of immunotherapy were €4530, whereas the
mean costs per patient not completing at least 3 years of immuno-
therapy were €1812. The costs of immunotherapy among non-
persistent patients increased from €1015 per patient for those
who discontinued treatment in the first year to €3824 for those
who discontinued in the third year of treatment. The cumulative
total costs of all patients who did not complete 3 years of immu-
notherapy amounted to €10.04 million (Table IV).

Sensitivity analysis

Disregarding the “drug stock” did not significantly alter the
results. The proportion of nonpersistent patients changed from 8§91
(13.7%) to 808 (12.5%), and the median time to treatment discon-
tinuation remained unchanged at 1.0 years. The variables that were
independently associated with nonpersistence remained the same.
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TABLE Il. Summaries of univariable time to treatment discontinuation, persistence rates, and P values
Median time Time to treatment Time to treatment
to treatment discontinuation: discontinuation: Patients 1-y Persistence 3-y Persistence P value, log
Variable discontinuation (y) First quartile (y) Third quartile (y) (no.) rate (%) rate (%) rank test
Route of administration <.001
SCIT 1.70 2.90 1.00 2796 80 23
SLIT 0.60 1.50 0.20 3690 38 7
Allergen type <.001
GP 1.00 2.00 0.60 2082 62 14
TP 1.00 2.40 0.50 1154 61 16
HDM 0.70 1.70 0.30 831 44 11
Any combination 1.00 2.10 0.40 2398 53 14
Prescriber <.001
General practitioner 1.00 2.10 0.40 4801 59 14
Allergologist 1.20 2.40 0.60 420 59 19
Other prescriber 0.70 1.80 0.30 1045 43 12
Age <.001
Quartile I: <34 y 0.90 1.70 0.30 1422 48 9
Quartile II: 35 to 43 y 1.00 2.00 0.40 1570 55 12
Quartile III: 44 to 51 y 1.00 2.20 0.40 1571 57 14
Quartile IV: >52 y 1.10 2.60 0.50 1923 63 19
SES* .001
Quartile I 1.00 2.00 0.40 1705 56 13
Quartile IT 1.00 2.20 0.50 1634 59 16
Quartile IIT 1.00 2.10 0.50 1511 57 14
Quartile IV 1.00 2.00 0.30 1542 53 13
Geographic location <.001
West 1.00 2.30 0.50 2157 59 17
East 1.00 2.10 0.50 2810 53 12
South 1.00 2.00 0.30 398 65 14
North 1.00 2.00 0.50 1115 58 13
Sex .693
Male 1.00 2.10 0.50 2820 58 14
Female 1.00 2.10 0.40 3666 55 14

Truncated times to discontinuation, median, and first and third quartiles are shown.

*SES quartiles around median sample factor score. Lower SES quartiles indicate a higher status than the population mean, and higher SES quartiles indicate a lower status than the

population mean.

DISCUSSION

The main conclusion from this study is that real-life persistence
and compliance with immunotherapy for the most commonly
treated allergens in The Netherlands is low. Median treatment
duration is far less than the 3 years that are recommended to
achieve long-term health benefits. Even the persistent patients,
who do reach at least 3 years of treatment, frequently have late
pharmacy visits. Persistence and compliance were better in SCIT
users than in SLIT users, in patients treated by general practi-
tioners compared with those treated by medical specialists, in
patients receiving treatment for a combination of allergens (only
during first year), in older patients, and in patients with a higher
SES. The strength of this study is that with almost 6500 patients, it
is the largest real-life study of persistence and compliance with
immunotherapy for different allergens thus far. The database that
was used is representative for the entire population of patients
receiving immunotherapy for these allergens. However, as is
common in observational research of existing databases, the
database does not contain details on diagnosis, severity of disease,
side effects, or other medical factors that might influence persis-
tence and compliance. This information could not be obtained
retrospectively.

This lack of medical details is unlikely to affect the overall
conclusion that persistence is low, but it might have influenced

some of the predictors. Currently, we can only speculate on
why persistence is worse in SLIT users than in SCIT users. It
might be that oral side effects play a role or lower efficacy. It
might also be related to the fact that SCIT is being adminis-
tered by a physician, whereas SLIT is taken by the patient at
home. As a consequence, SCIT users have more frequent
opportunities to discuss their experience with a physician, who
can offer support and encouragement to continue treatment. In
this light the official position of the WHO-Allergic Rhinitis
and its Impact on Asthma working group advising SLIT in
case of noncompliance with SCIT is put in a somewhat
different perspective.'

It is worth discussing that the prescriber was found to be an
independent predictor of persistence. After correction for the
other variables that were available in the database, persistence
was better in patients treated by general practitioners than in
patients treated by medical specialists. In contrast to our prior
expectations, this might be because medical specialists treat more
severely ill and more complex patients. It might also be related to
a practicality, such as the greater travel distance to medical
specialists. On average, Dutch citizens live at a distance of 1.1 km
(0.7 miles) from their general practitioner’s office and 7 km (4.3
miles) from the nearest hospital.>® By Dutch standards, these are
notable distances, which can be even greater in rural areas. Most
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TABLE lll. Premature discontinuation: Cox regression model
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P value,

Variable HR, year 1 95% Cl Pvalue HR, years 2-3 95% ClI P value HR comparison*
Route of administration (SLIT vs SCIT [reference]) 2.60 241-2.81 <.001 1.82 1.66-2.01 <.001 <.001
Prescriber (overall) <.001 .007

Prescriber (allergologist vs general practitioner [reference]) 1.37 1.17-1.61 <.001 1.31 1.09-1.57 .004 .697
Prescriber (other specialist vs general practitioner [reference]) 1.43 1.31-1.56  <.001 1.13 0.99-1.28 .078 .003
Allergen (overall) <.001 717

Allergen (TP vs GP [reference]) 0.90 0.81-1.00 .044 0.99 0.86-1.14 .898 258
Allergen (HDM vs GP [reference]) 0.96 0.86-1.07 443 1.08 0.93-1.27 305 200
Allergen (combination therapy vs GP [reference]) 0.82 0.75-0.89  <.001 1.02 0.91-1.14 726 .002
Patient sex (female vs male [reference]) 1.03 0.96-1.10 458 0.94 0.86-1.03 192 137
Age (overall) <.001 <.001

Age, quartile II vs quartile I (reference) 0.91 0.83-1.00 .041 0.89 0.78-1.01 .069 187
Age, quartile III vs quartile I (reference) 0.83 0.75-091 <.001 0.79 0.70-0.90  <.001 .567
Age, quartile IV vs quartile I (reference) 0.77 0.70-0.85 <.001 0.70 0.62-0.80  <.001 299
SES (overall) .006 .072

SES, quartile II vs quartile I (reference) 1.00 0.91-1.11 952 0.87 0.77-0.99 .033 .089
SES, quartile III vs quartile I (reference) 0.95 0.86-1.05 .308 0.87 0.77-0.99 .028 279
SES, quartile IV vs quartile I (reference) 1.12 1.02-1.24 .017 0.87 0.77-1.00 42 .002

Multivariable Cox regression results regarding premature discontinuation separately for the period of the first year and the period 2 to 3 years after start of treatment are shown.
Data shown are HRs with 95% CIs and P values. Predictors of premature discontinuation of treatment with reference categories are also shown. Age quartile I (<34 years of age
[reference]) is compared with quartiles II (35-43 years), III (44-51 years), and IV (>52 years). SES quartile I (reference) is compared with quartiles II, III, and IV. SES quartiles are
around the median sample factor score of —1.64. The lower quartiles have the highest status, and the higher quartiles have the lowest status. This model also included a significant
(P <.005), although non—time-dependent, interaction effect between route of administration and allergen group: the HR of SLIT versus SCIT was 2.50 for users of GP
immunotherapy, 2.14 for users of TP immunotherapy, 2.52 for users of HDM immunotherapy, and 3.17 for users of combination immunotherapy.

*Comparison of HRs in year 1 versus HRs in years 2 to 3.

TABLE IV. Imnmunotherapy: cost of nonpersistence

Cumulative mean

Year of treatment Annual total Cumulative costs per nonpersistent
discontinuation costs (€) total costs (€) patient (€)

1 2.88M 2.88M 1015

2 3.74M 6.62M 2069

3 3.42M 10.04M 3824

immunotherapy was prescribed by general practitioners and not
by allergologists, reflecting the relatively small number of aller-
gologists in The Netherlands. Greater burden of disease during
alarger part of the year might also explain why persistence during
the first year is better among patients who receive combination
treatment compared with patients who receive monoimmunother-
apy for GP allergies.

Even when patients were persistent, they still had frequent
late pharmacy visits. The odds of having at least 1 late
pharmacy visit (the definition of being noncompliant) were
higher for SLIT users than for SCIT users. The odds of
becoming noncompliant increased considerably when HDM
immunotherapy was administered in sublingual form compared
with subcutaneous form. One might hypothesize that lack of
efficacy plays a role because the evidence for the efficacy of
sublingual HDM immunotherapy is less strong than for the
other allergies.*?’

This study has also clearly shown that the drug costs of
immunotherapy in nonpersistent patients were high. These costs
will be even higher when including the costs of physician’s office
visits and absence from work because of treatment, as is the case
in SCIT. Of note is the fact that in The Netherlands these costs
were and are largely borne by health insurers, and because there
are no long-term benefits as a return on these investments,

nonpersistence seriously jeopardizes the (cost-) effectiveness of
immunotherapy.

An important question is whether these Dutch results are
transferable to other countries. In The Netherlands both medical
specialists and general practitioners can initiate SCIT, but in
reality, it frequently starts at the specialist’s office and is taken
over by the general practitioner. In contrast, general practitioners
can easily initiate SLIT themselves without further requirements
to their practice procedures, which explains their preference for
SLIT. To our knowledge, the contribution of general practitioners
to the management of allergen immunotherapy is characteristic of
Dutch clinical practice. Apparently, the contribution of Dutch
general practitioners does not negatively affect compliance or
persistence. On the contrary, taking the better persistence into
account, our findings support an active involvement of general
practitioners, especially in the treatment of patients with less
complex conditions. However, even though medical practice
patterns can differ and the specific mixture of patients and types of
immunotherapy can vary between countries, the transferability of
our results is supported by other studies carried out in completely
different health care systems, which also report premature
discontinuation of SCIT'"'? and SLIT'? at rates as high as 67%
and 49%, respectively. However, comparison of compliance
data is hampered by differences in definitions.

In conclusion, allergen immunotherapy in real life is charac-
terized by a strikingly low level of compliance and persistence,
particularly when using SLIT. There is an urgent need for further
identification of potential barriers and measures that will enhance
persistence and compliance.

‘We thank Edith Heintjes (PHARMO institute) and Pepijn Vemer (iMTA) for
their assistance with the persistence model. Ken Redekop (iMTA) provided us
with useful comments regarding the compliance analysis. Also, we thank the
representatives of the relevant manufacturers of allergen immunotherapy for
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so kindly providing us with detailed drug information regarding dispensing
intervals of immunotherapy drugs. Finally, we thank Henk-Piet Glas from
SAS Customer Support, The Netherlands, for his time and patience.

Clinical implications: Efforts to increase persistence with aller-
gen immunotherapy in real life are urgently needed because

large amounts of money are currently being misspent as a result
of premature discontinuation of treatment.
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FIG E1. A, Kaplan-Meier curves and summaries of time to treatment discontinuation by sex (right censored
for deceased and relocated cases). B, Kaplan-Meier curves and summaries of time to treatment discontin-
uation by geographic location of residence (right censored for deceased and relocated cases). C, Kaplan-
Meier curves and summaries of time to treatment discontinuation by age quartile. Quartiles around sample
median (44 years) are as follows: quartile I, 33 years or less; quartile |, 35 to 43 years; quartile lll, 44 to
51 years, and quartile IV, 53 years or greater (right censored for deceased and relocated cases).
D, Kaplan-Meier curves and summaries of time to treatment discontinuation by SES factor score. Quartiles
are around the sample median (—1.64), with the first quartile as the reference category (0) compared with
quartiles 2 through 4 (7). Higher quartile numbers have lower SES (factor score).
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TABLE E1. Binary logistic regression of predictors of noncompliance
95% Cl for OR

Variables in the equation OR Lower Upper P value
Route of administration (SLIT vs SCIT [reference]) 1.93 1.03 3.62 .04
Prescriber (overall) .04
Prescriber (allergologist vs general practitioner [reference]) 2.50 0.68 9.12 17
Prescriber (other specialist vs general practitioner [reference]) 0.36 0.14 0.95 .04
Allergen (overall) .08
Allergen (TP vs GP [reference]) 0.91 0.53 1.56 72
Allergen (HDM vs GP [reference]) 0.28 0.09 0.85 .02
Patient sex (female vs male sex [reference]) 0.88 0.60 1.27 48
Age (overall) .60
Age, quartile II vs quartile I (reference) 1.07 0.55 2.06 .85
Age, quartile III vs quartile I (reference) 0.76 0.40 1.43 .39
Age, quartile IV vs quartile I (reference) 0.83 0.45 1.53 .55
SES (overall) .14
SES, quartile II vs quartile I (reference) 0.80 0.47 1.36 40
SES, quartile III vs quartile I (reference) 0.54 0.30 0.96 .04
SES, quartile IV vs quartile I (reference) 0.59 0.33 1.05 .07
Geographic location (overall) .05
Geographic location, east vs west (reference) 1.98 1.14 3.44 .02
Geographic location, south vs west (reference) 1.45 0.89 2.36 13
Geographic location, north vs west (reference) 2.22 1.05 4.70 .04
Interaction term: Allergen * route of administration (overall) .01
Interaction term: TP * SLIT 1.34 0.54 3.35 .53
Interaction term: HDM * SLIT 8.77 2.08 37.02 .00
Interaction term: allergen * prescriber (overall) .05
Interaction term: TP * allergologist 0.37 0.06 2.30 .29
Interaction term: TP * other specialist 3.00 0.79 11.45 11
Interaction term: HDM * allergologist 421 0.37 47.50 25
Interaction term: HDM * other specialist 10.74 1.71 67.51 .01

Data represent binary logistic regression of predictors of noncompliance in persistent users of noncombination immunotherapy (final model). Data shown are odds ratios with 95%
CIs and P values. Predictors of noncompliance to treatment are shown with reference categories. Age quartile I (<34 years, reference) was compared with quartiles II (35-43 years),
IIT (44-51 years), and IV (52 years). SES quartile I (reference) was compared with quartiles II, ITI, and IV. SES quartiles are around the median sample factor score of —1.64. The

lower quartiles have the highest status, and the higher quartiles have the lowest status.
OR, Odds ratio.
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