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ABSTRACT

Aims: Japanese cedar pollinosis (JCP) is a form of seasonal allergic rhinitis that affects 38.8% of the
Japanese population. Particularly severe and most severe symptoms among JCP patients can lead to
impairments of paid work productivity and unpaid work activities. Indeed, the current standard of care
(SoCQ) is not always able to relieve these symptoms. Omalizumab, a novel JCP treatment recently
approved in Japan, provides an effective add-on therapy to the SoC. This study estimates the effect of
omalizumab on paid and unpaid work activities (i.e. its social impact) in patients with severe and most
severe JCP symptoms in Japan.

Methods: The impact of omalizumab was estimated through a one-year static cohort model using the
Work Productivity and Activity Impairment Allergy Specific (WPAI-AS) questionnaire derived from a
clinical trial on omalizumab enrolling patients with severe and most severe JCP symptoms, which had
been conducted in Japan. This effect was quantified using Japanese official statistics on employment
and time use. The human capital approach and the proxy good approach were employed to monetize
paid and unpaid work activities, respectively. A sensitivity analysis was implemented to account for
modeling structural uncertainties.

Results: Our results show that the use of omalizumab might reduce the paid and unpaid work prod-
uctivity losses due to severe and most severe JCP by nearly one-third. In the severe symptom period
of three weeks, 36.6 million hours of lost paid and unpaid work hours could be avoided, which sums
up to a monetized productivity loss of 728.3 million USD.

Conclusions: Omalizumab could provide substantial benefits in terms of paid and unpaid work activ-
ities in patients with severe and most severe JCP. Our results also highlight the importance of consid-
ering unpaid work in estimating productivity costs due to poor health.
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Introduction aims to relieve its symptoms and eliminate difficulties in
everyday life. The pharmacotherapy of JCP depends on its
severity and typology (i.e. sneezing and rhinorrhea type,
nasal blockage type, and combined type) and might vary
during the pollen period, as the amount of pollen dispersal
influences the severity of the symptoms. According to the

PG-MARJ, a combination of second-generation antihistamine

Allergic rhinitis (AR) is one of the most common chronic
allergic respiratory diseases worldwide' and its burden is
considered a challenge for the new century®. In Japan, the
prevalence of seasonal AR due to Japanese cedar pollen
(known as Japanese cedar pollinosis - JCP) has been con-
tinuously increasing in the last decades®. In 2019, JCP

affected 38.8% of the entire Japanese population®. Its symp-
toms comprise paroxysmal repetitive sneezing, watery rhinor-
rhoea, and nasal congestion, frequently coexisting with
ocular symptoms. These symptoms set in with the pollen
spreading in early February and last until March or April, usu-
ally with a severe spread in March, depending on the regions
across Japan®.

As stated in the Practical Guideline for the Management
of Allergic Rhinitis in Japan (PG-MARJ) 2020° the treatment

and nasal corticosteroid is recommended for severe or most
severe JCP patients with sneezing and rhinorrhea type®.
However, a combination consisting of three or more treat-
ments including leukotriene receptor antagonist is recom-
mended for patients with nasal blockage type or the
combined type having nasal blockage as a major complaint®.

Despite the available therapies, many patients with JCP
remain symptomatic in Japan® and have to cope with treat-
ment dissatisfaction. These remaining symptoms can affect
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the well- being and quality of life (QoL) of these patients, by
causing fatigue, headache, and cognitive impairment’. In
addition, inadequately controlled symptoms could lead to
society’s economic losses®. A recent analysis of the burden of
disease of inadequately controlled symptoms in patients suf-
fering severe forms of JCP has estimated a productivity loss
of 26.1 billion US Dollars (USD) in the three weeks of higher
pollen spreading in 17.17 million patients assumed to receive
the SoC (this patient population does not reflect the patient
population of the present study, for more details, see the
Supplementary Material S1). These results underline the
extent of unmet medical needs among patients with severe
and most severe JCP symptomes.

Omalizumab, a humanized monoclonal anti-immuno-
globulin E (IgE) antibody, has already shown significant
improvements in the QoL of children, adolescents, and adults
suffering with severe allergic asthma and other allergic
comorbidities®'®.  Omalizumab has also proven efficacy
against placebo in patients suffering moderate to severe JCP
symptoms and was approved as new additional indication
for the treatment of seasonal allergic rhinitis (for use only in
severe or the most severe patients who have not responded
sufficiently to conventional therapies in Japan 2019'". In a
recent clinical trial enrolling patients with severe or most
severe JCP in Japan'?, omalizumab (on top of SoC, which
consists of antihistamine and nasal corticosteroid) has dem-
onstrated a favourable benefit-risk profile and efficacy.
Specifically, compared to placebo (on top of SoC), omalizu-
mab has improved nasal and ocular symptoms, QoL and
reduced work productivity loss, as well as activity impair-
ment. By efficiently reducing the symptoms in severe and
most severe JCP patients, omalizumab might considerably
improve the well-being of patients and the society in Japan.

The impact of AR in many regions of the world is a sub-
ject of research®'*7'%, but the studies on the impact of its
inadequate management'®'” or specific pharmaceutical
treatments'”'® remain fragmented. Especially for Japan,
there is a lack of investigations in the therapeutic area of AR
despite its high prevalence. Our model-based evaluation con-
tributes to filling this research gap. We assessed the effects
of this new treatment by quantifying the effects of omalizu-
mab in terms of avoided paid and unpaid work productivity
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losses (i.e. the social impact) in patients with inadequately
controlled severe and most severe JCP symptoms in Japan.
For this purpose, we used the restored impairment of paid
and unpaid work productivity due to omalizumab according
to the difference between the impairments of the ‘Soc+
omalizumab’ and the ‘SoC alone’ arms observed in a clinical
trial (NCT03369704).

Methods
Methodological approach

To quantify the social impact of omalizumab in Japan, we
built a static cohort model, which considers the prevalent
JCP cohort over one year by assuming 21days of impair-
ment, i.e. the severe symptom period observed in the clinical
trial of omalizumab'?. Specifically, we retrieved the data from
the clinical trial evaluating omalizumab on top of SoC (i.e.
antihistamine and nasal corticosteroid) against placebo on
top of SoC'?, published literature®”'>2°, and the Japanese
bureau of statistics®' 2. Figure 1 depicts the calculation flow
dividing the approach into two main steps. In the first step,
the model quantifies the loss of productivity avoided by
omalizumab and then monetizes it to determine the social
impact of omalizumab.

In what follows, we describe the input criteria needed to
determine the social impact.

Patient population

We defined the hypothetical patient population for omalizu-
mab according to the clinical trial’s inclusion criteria® and
the optimal use guideline for omalizumab in Japan®® (for the
steps undertaken to define the patient population, see
Figure 2). The sample included patients between 20 and
65 years of age with severe and most severe JCP according
to PG-MARJ' as well as inadequately controlled symptoms of
JCP'. The underlying assumption was that these patients
have the need and willingness to search for a new treat-
ment. After determining the number of patients who are
unsatisfied with current treatment (i.e. with inadequately
controlled  symptoms)’, seeking care'®, and have a

Difference between patients with and
without omalizumab

Total hours of paid and unpaid work in
patient population

1

| Absolute number of avoided lost hours of paid and unpaid work |

]

’ Valuing hours of paid work with average wages |

‘

I Monetization II Quantification ]

Valuing unpaid work (i.e. housework and childcare) according to the specialist
approach

Total social impact due to omalizumab in terms of monetized
paid and unpaid work effects

Figure 1. Methodological Approach.
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| Patients suffering JCP aged 20-65 years |

{

| Patients with severe, most severe, and inadequately controlled symptoms of JCP |

4

| Patients with IgE level = 3 |

‘

| Patients unsatisfied with current treatment |

4

| Patients seeking for care |

Definition of the Patient Population

}

| Patients receiving omalizumab ‘

Figure 2. Definition of the Patient Population.

Table 1. Input Parameters of the Model.

Parameter Base case value Low value High value Source
Patient population
Prevalence* 38.80% 31.04%" 46.56%" 4
Severe Most severe
Severity* 25.41% 29.01% 1
Unsatisfied with treatment 27.50% 21.30% 7
Seeking for care 43.80% 42.90% 1
Specific IgE score >3 81.06% o
Symptoms’ period
Working days 15.00 24
Activity days 21.00 10.00 43.00 2529
Reduction of impairment
Work impairment 13.61% - 7.13% - 20.09% 12
Activity impairment 14.16% - 8.42% - 19.90%
Employment characteristics
Male Female Male Female Male Female
Employment rate* 88.81% 73.94% =
Daily working hours 9.03 8.47 8.63 8.10 9.37 8.78 2224
Average wage per hour in USD** $22.98 $17.23A $28.72° 2
Unpaid work
Unpaid working hours per day*** 1.89 474 =
Average specialist wage per hour**** $15.97 $ 15.44 $22.97 2230

Notes: *Reported rates depict the unweighted average across all ages. However, in the model, we implement the age-specific inputs listed in
Tables A1-A3 the Supplementary Appendix. **We convert the values reported in JPY by the Japanese statistical office at the exchange rate of
JPY =USD0.0095. ***We use the weekly average and determined the daily time spent on activities. ****We use the average wage of a cook
(USD14.8), a nursing home care worker (USD16.4), a child care worker (USD17.2), and a home helper (USD15.4) as hourly wages to value the
unpaid work activities with a specialist wage. *varied by + 20.00%. Avaried by + 25%.

cedar-specific IgE score >3°"" we derived the cohort of
patients potentially eligible for omalizumab in Japan by
applying these numbers to the population in Japan
in 2020%".

Work productivity and activity impairment

We evaluated the overall work and activity impairment
restored due to omalizumab according to the Work
Productivity and Activity Impairment Allergy Specific (WPAI-
AS) questionnaire'®. We used the restored overall work
impairment and did not differentiate between absenteeism
and presenteeism to determine the productivity effects in
terms of paid work and the restored activity impairment as a
proxy for impairment in unpaid work activities. Specifically,
this restored impairment was given by the difference
between the impairment observed in the control group (SoC

alone; percent overall work impairment, least squares — LS -
mean: 37.10; percent activity impairment, LS mean: 38.51)
and the one observed in the treatment group (SoC plus
omalizumab; percent overall work impairment, LS mean:
23.49; percent activity impairment, LS mean: 24.35) in the
clinical trial?’. The resulting impairment reduction we used is
listed in Table 1.

Calculation period

To define the period in our modelling, we focused on the
severe symptom period of the clinical trial'?, during which
the change in the overall work and activity impairment has
been analyzed. Concretely, the severe symptom period was
defined as three weeks, where the cumulative value of the
mean daily nasal symptom score is at its maximum'2.


https://doi.org/10.1080/13696998.2022.2033051

Monetization

The costs associated with the productivity losses, generally
defined as costs associated with production loss and replace-
ment costs due to illness, disability and death of productive
persons, both paid and unpaid' are determined. We quanti-
fied the paid work loss according to the human capital (HC)
approach, where human beings are treated as assets and
impaired working time is valued with wages to measure the
loss to the economy®®. The Japanese employment rate was
applied to the patient population and thus its average work-
ing hours per day and average wages per hour deter-
mined®*??*, The underlying assumption was that these
statistics reflect the working pattern of the considered
patient population. Based on this assumption, the 15 work-
ing days assumed in the symptom period, and the restored
work impairment rate, the model quantifies the avoided
productivity loss in terms of paid work due to omalizumab
as follows:

P/-Z,g = Zot* Ba,g *a,g% Wiy M

where PLgyg represents the costs of age- and gender- specific
avoided productivity losses of paid work, o depicts the work-
ing days with symptoms, B, , indicates the age- and gen-
der-specific labor force participation rates, 8,4 accounts for
the average daily working hours per age and gender, while
WI indicates the change in the overall work impairment due
to omalizumab, y defines the average wage per hour.

To estimate productivity effects beyond paid work, we
applied the restored activity impairment to the average
hours spend for unpaid work activities to approximate the
effects of omalizumab on unpaid work. To value these losses,
we used the proxy good (PG) approach. The PG approach
consists in applying the Reid’s third-person-criterion®’, i.e. it
considers what it would cost to hire a worker to perform a
specific activity using either its specialist’s or generalist's
wage. For valuing household tasks, we used specialist’s
wages, i.e. we valued every household task with the wage of
its closest market substitute (e.g. we used a plumber’s wage
to evaluate the activity of fixing a leak or a nursing home
care worker's wage to value the activity of informal care)®?.
According to the Reid’s®® third-person-criterion and by refer-
ring to the Japanese time use survey®, we defined cooking,
caring, nursing for children or elderly, and cleaning activities
as unpaid work activities. Considering the time spent for
each activity per day, the symptom period, and the rate of
restored activity impairment, the model calculates the
avoided unpaid work loss due to omalizumab as follows:

PLzlzj,g = ZO‘* Oq,g,j * Alxy; (2)

where PLg’g represents the costs of age- and gender- specific
avoided productivity losses of unpaid work, o depicts the
JCP symptom days, Og4,; accounts for the age- and gender-
specific daily hours spent on several unpaid work activities,
and Al indicates the change in activity impairment due to
omalizumab. v; defines the average wage per hour per
unpaid work activity.
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To calculate the social impact, the model adds up the
impact of omalizumab on avoided paid and unpaid work
activities as follows:

Social impact = PL, ,+PLg (3)

where PLZ'g is the avoided productivity loss due to paid
work in patients using omalizumab and Pij,g is the avoided
productivity loss due to unpaid work.

Social impact analysis

Table 1 shows the input values used for obtaining the base
case results as well as the range used for the deterministic
sensitivity analysis.

Sensitivity analysis

Although we selected the input parameters carefully, the
number of patients, the effect of omalizumab, the patient
population’s work behavior, and the assessment of paid and
unpaid productivity might be subject to some uncertainties
in their measurement. To test parameter and model uncer-
tainty, we conducted a deterministic sensitivity analysis
(DSA), by changing the parameter values through the upper
and lower bounds listed in Table 1. The DSA allowed us to
assess the impact of changes in parameters’ value on our
results and therefore identify the variables that most affect
our results. For more detailed information on the data sour-
ces used for varying the parameter values, refer to the
Supplementary Material S2.

Results
Patient population

The hypothetical patient population defined in our model
amounted to nearly 1.49 million of patients, of which
745,000 (50.7%) were men and 733,000 (49.3%) women.
According to the population structure in Japan, the age
group 45-49years was the largest among our patient popu-
lation (Figure 3).

Avoided hours of productivity loss per patients and for
the entire patient population

The avoided lost paid and unpaid work hours attributable to
the use of omalizumab summed up to 36.6 million. Because
a high share of males and females in our patient population
was in employment, 60% of this productivity loss was attrib-
utable to paid work (Figure 4). Beyond employment rates,
the average working hours and average hours spent for
unpaid work, parameters which are age- and gender-specific,
influenced the avoided hours of productivity. For more
detailed results by age and gender, refer to Table A4 in the
Supplementary Appendix.

Figure 5 depicts the gender-specific avoided loss of paid
and unpaid work. Although the patient population included
an almost equal share of men and women, more productivity
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Figure 4. Avoided Hours lost attributable to paid and unpaid Work.

® Unpaid Work

m Paid Work

Female Patients 10,416 9,490
Male Patients 4218 12,426

0
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Total Number of avoided Hours lost

Figure 5. Avoided paid and unpaid Working Hours lost by Gender.

losses were avoided among women. Indeed, 19.9 out of 36.6
million hours of productivity loss (54%) were avoided among
female patients. Of these, about 10.4 million (52%) were
achieved by avoiding productivity losses in unpaid work
activities. Instead, the largest share of avoided productivity
loss for men was attributed to paid work. Among male
patients, approximately 12.4 (75%) out of 16.6 million lost
hours were avoided through paid work activities. The higher
share of avoided productivity losses in unpaid work activities
among female patients compared to male patients resulted
from women'’s higher unpaid labor contributions.

Social impact for the entire patient population

The estimated productivity loss that could be avoided due to
the avoidance of 36.6 million hours of paid and unpaid work
activities summed up to 728.3 million USD. Most of this
productivity loss was attributed to the avoided loss of paid
work. The monetized productivity loss from paid work
amounted to 503.5 million USD, which represented nearly
70% of the total monetized avoided productivity loss. The
high share of unpaid work (60% of the total productivity
loss) was only about 30% of monetarized productivity loss,
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Figure 6. The Social Impact of Omalizumab.
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Figure 7. Avoided Hours lost attributable to paid and unpaid Work per Patient.

primarily because of the lower valuation of unpaid work
compared to paid work in our model. The valuation method
that we applied for unpaid work resulted in an hourly wage
of about 16 USD. On the other hand, valuing paid work at
the average wage per hour resulted in assessing one hour of
paid work at 23 USD (Figure 6).

The patient perspective

The effects of omalizumab for an average patient underline
the importance of omalizumab from a patient perspective.
The results showed that omalizumab could potentially avoid
a loss of 14.74h of paid work per patient during the severe
JCP symptom period (Figure 7). Omalizumab could also pre-
vent productivity losses from unpaid work for 9.84h per
patient. In total, the use of omalizumab in this patient popu-
lation could avoid 24.58h of productivity loss per patient
during the severe JCP symptom period, implicating that
patients could experience an entire day without any symp-
toms during the severe symptoms’ period.

This was equivalent to an overall avoided monetized
productivity loss of $489.71 per patient (Figure 8). This was
attributed to the monetarization of paid work since the

mPaid Work ® Unpaid Work

$600

$500

$151.15

$400

$300

$200

$338.56

$100

Avoided Productivity Loss per Patient

$0
Figure 8. Avoided Productivity Loss per Patient.

valuation of hours of paid work was significantly higher than
the one of unpaid work hours.

Sensitivity analysis

In our base-case scenario (input parameters listed in Table
1), the productivity loss that could be avoided in our
patient population through the relief of the severe JCP
symptoms by omalizumab amounted to approximately
728.4 million USD. Yet, through the variation of different
input parameters, the social impact of omalizumab could
be reduced to about 347 million USD or increased to nearly
1.5 billion USD (Figure 9).

9 indicates parameters that influence results the most
during the calculation period. Assuming a severe JCP symp-
tom phase of only 10days, the avoided productivity loss
would amount to ~346.8 million USD. If, instead, we
assumed that the JCP symptom period persists for 43 days,
the avoided productivity loss would increase to approxi-
mately 1.5 billion USD. Another important influencing factor
was the reduction in work impairment reported in the clin-
ical trial of omalizumab. The variation of this parameter
within the lower and upper limits of its confidence interval



226 M. MULLER ET AL.

Social Impact in Million

$0  $200 $400 $600 $800 $1,000 $1,200 $1,400 $1,600

Calculation Period
Productivity
Prevalence

Monetization (paid Work)
Monetization (unpaid Work)
Activity

Working Hours (Male)
Working Hours (Female)

Figure 9. Deterministic Sensitivity Analysis.

showed that the avoided productivity loss would be reduced
to about 489 million USD if the reduction in work impair-
ment corresponded to the lower bound, i.e. to seven per-
centage points. Instead, if the reduction in work impairment
corresponded to the upper bound of the confidence interval,
the avoided productivity loss would increase to about 961
million USD. Besides the productivity and calculation period,
also the number of patients considered in the model consid-
erably influenced the results. By varying the prevalence by
plus and minus 20 percent and maintaining all the other
input parameters constant, the avoided loss of productivity
would be reduced to about 583 million USD or increased to
874 million USD. In addition, according to the method
chosen for valuating paid work, the social impact of omalizu-
mab could increase or decrease by 25 percent. The monet-
ization of unpaid work with the generalist approach hardly
affected the result. However, a monetary valuation with the
opportunity cost approach would increase the social impact
of omalizumab to about 827 million USD. The magnitude of
the reduction in the activity impairment also had a signifi-
cant, but smaller, impact on the results because of the work
impairment variation due to the relatively low monetariza-
tion. Accordingly, the results would range from 637 million
USD to 819 million USD. Lastly, the variation in daily work
hours was of relatively little importance for the results
(Figure 9).

Discussion and limitations

To the best of our knowledge, this is the first study estimating
work productivity and activity effects of omalizumab in a
population with inadequately controlled severe and most
severe JCP symptoms in Japan. On average, omalizumab could
avoid productivity losses for ~489.71 USD per patient in the
severe JCP pollen period. Considering the large hypothetical
patient population of 1.49 million patients, this relief of symp-
toms is meaningful on both a patient and societal level.
Hence, a novel treatment for severe JCP symptoms could sub-
stantially benefit the Japanese society. However, the results for
the entire patient population should be interpreted cautiously.

Due to the regulatory approval of omalizumab for JCP in
December 2019 and its absence of real-world evidence, we

s347 | I 51491
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sss3 [ ss74
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$721 [l $827

s637 [ ss1o

$716 || $739
$719 | $736
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considered the optimal use guideline for omalizumab®® as a
supporting source to estimate the patient population. Yet, in
a real-world situation, physicians’ intention to prescribe
(linked, e.g. to effectiveness and administration burden) and
patient preference for uptake (related to factors such as out-
of-pocket cost, insurance coverage, and waiting time) might
influence the eligible patient population for omalizumab3®33
and, therefore, the number of eligible patients could change
in a real world setting. The uncertainty regarding the patient
population may increase in the future, especially against the
background of further enhancement of allergen-specific
immunotherapy (AIT). AIT has the potential to cure the dis-
ease and over the decades, the severe side effects associated
with subcutaneous immunotherapy could be reduced by sub-
lingual immunotherapy. AIT is indicated for patients for whom
the diagnosis of the causative allergen has been established
and especially recommended for patients who do not respond
to general targeted drug therapy and can be expected to
improve symptoms according to the Japanese guideline. It
has been evaluated that AIT is cost-effective compared with
pharmacotherapy®*. However, especially in Japan, it may be
necessary to evaluate the persistence of the effect of AIT after
the end of treatment (duration >3years), indicating that
accurate cost-effectiveness can be determined only when the
duration of efficacy and remission rate after the completion of
sublingual immunotherapy are clarified®>. Therefore, we aimed
to analyze the potential effects of a novel drug, also given
that pharmacotherapy is currently considered an earlier treat-
ment option according to the Japanese guideline for AR.

Patient population

As the DSA shows, the number of patients influences the
results the most. To determine the number of patients, we
implemented the percentage of patients with severe and
most severe JCP, a cedar-specific IgE score >3, and patients’
satisfaction with their current treatment and care-seeking
behavior, as a starting point for determining the hypothetical
patient population.

Prevalence was retrieved from a self-questionnaire asking
for symptoms without a test on identified causative aller-
gens, as suggested in the Japanese guidelines for allergic



rhinitis”. Thus, self-declaration of JCP prevalence might be
inaccurate as it could cover AR due to other pollen or other
acute respiratory infections. The findings of questionnaires
might, therefore, include false-positive cases>S, Additionally,
the JCP prevalence varies substantially depending on the
regions across Japan and the year of the survey. We
accounted for that in the sensitivity analysis, by varying the
patient population by plus or minus 20 percent.

To reflect the real-world conditions of AR in Japan, we
applied severity rates obtained with the PG-MARJ rather than
referring to the Allergic Rhinitis and its Impact on Asthma
(ARIA) guidelines established as the international guideline for
AR%"38 By doing this, we might have underestimated the per-
centage of patients with severe and most severe symptoms as
Gotoh et al."® had shown that, compared to the PG-MARJ clas-
sification, the ARIA classification resulted in a higher percentage
of patients with severe and most severe symptoms. Whereas a
classification with the PG-MARJ resulted in 80% of patients hav-
ing moderate or more severe rhinitis, the classification with the
ARIA resulted in 90% of patients having moderate and severe
symptoms. In general, severity could be subject to the report-
ing heterogeneity bias as it is defined based on the patient-
reported symptoms and thus perceptions.

We estimated the number of patients with an IgE score
>3 based on IgE scores of patients between 20 and 29 years
old.?® As the analysis of Sakashita et al.>° had indicated that
IgE scores might be higher in younger than in older patients,
we might have overestimated the share of JCP patients with
an IgE score >3. However, the allergen-specific IgE score is
generally a marker for exposure, but no close relationship
between the score and symptoms can be assumed®. By
referring to these assumptions, Nakamura et al?® have
shown that although 78.8% of their participants were sensi-
tive to cedar pollen according to their specific IgE score, only
41.2% of the participants reported symptoms during the pol-
len spreading period.

We assumed that patients who are not satisfied with their
treatment demonstrated openness and willingness for a new
therapy such as omalizumab. However, to get the recommen-
dation and subcutaneous injection of omalizumab, patients
need to visit a medical institution and manifest their dissatis-
faction with the current treatments. Therefore, we applied the
proportion of patients who visit a clinic for symptoms'® as a
proxy for the patient population, acknowledging the fact that
we might not capture patient’s preferences®%33,

Calculation period

The studies measuring the duration of the JCP pollen period
have shown a duration of approximately eight weeks, with a
peak of about three weeks, starting in the first or second week
of March®*'*2. However, the pollen period depends on the
region and varies between years. We considered this uncer-
tainty in the sensitivity analysis and examine data on pollen
dispersal in Tokyo over the last five years** as Tokyo is the cap-
ital of Japan accounting for over 10% of its population.
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Work productivity and activity impairment

By applying the HC approach to value work productivity and
activity impairments, we did not account for multiplier effects
or compensation mechanisms between co-workers. It is hard
to estimate whether the HC approach leads to an over- or
under-estimation of productivity and activity losses. Further,
we implicitly assumed that our patient population presents
the same work and activity distributions as the general
Japanese population. As about 40% of the Japanese popula-
tion is affected by JCP, this assumption seems reasonable.
Nevertheless, we accounted for the uncertainty around the
work distribution, by varying the working hours in the sensi-
tivity analysis. In addition, there are different approaches to
value unpaid work activities, namely the PG approach with
either specialist or generalist wage and the opportunity cost
approach®'32, In the sensitivity analysis, we reported the
results obtained by applying these different approaches.

We acknowledge that the assumptions made might vary
from the real-world situation and that the extrapolation of
data collected in the phase Il trial might be biased. Especially
the self-reported productivity impairment may contain meas-
urement error which might only be overcome by linking sur-
vey and register data®™, which was not possible for this study.
However, in the base case analysis, we used conservative
input parameters, and, in the sensitivity analysis, we varied
them to their lower and upper bounds. Our study suggests
that add-on therapy with omalizumab improves the symp-
toms of severely and most severely affected JCP patients.

Since no previous study has investigated the impact of
medical innovation on AR’s burden, comparing our results in
the existing literature is challenging. A recent observational
study assessing the burden of AR in Spain has estimated a
paid work productivity loss of 3,120.45 USD per year per
patient®®. We estimated that the avoided loss of productivity
in terms of paid work per year and per patient would be
338.56 USD, equivalent to restored productivity of 14%. If we
extrapolate this 14% to 100%, the paid productivity loss
based on our calculation would result in a value of 2,418
USD per patient. The difference between our result and the
one of Colas et al.*® may be explained by the fact that we
considered an exposure period of about three weeks
whereas Colds et al.* have examined patients with perennial
AR over a whole year.

Although omalizumab restores work and activity impair-
ment by approximately 37%", the clinical trial underlines
that the impairment due to severe and most severe JCP
symptoms is extreme. With a 37.10% overall work impair-
ment and an overall activity impairment of 38.51%, the JCP
impairment is similar to the one of psoriasis arthritis®.
Furthermore, even though the impairment due to JCP is lim-
ited to a few months, its influence on productivity is much
more significant than the impairment due to more common
diseases such as hypertension or diabetes®’.

Conclusions

In the present study, we estimated the effects of omalizumab
on productivity in patients with inadequately controlled JCP
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symptoms. Our findings indicate that omalizumab might pro-
vide substantial benefits in avoiding paid and unpaid work
productivity losses. In addition, our results suggest that
unpaid work is of importance when estimating productivity
losses due to JCP. This study shows that widespread dis-
eases, such as the JCP, affect both the individual and the
society. A comparison with diseases, such as hypertension,
diabetes, and psoriasis arthritis, reveals that the implied bur-
den of JCP is similar to the implied burden of these diseases.
As from the epidemiological data®, a marked increase in
incident of JCP being observed in younger age population in
recent years, and therefore, the social burden of the JCP may
influence the work productivity and activity impairment in
the future. Our estimates highlight the importance of an
adequate treatment for patients with severe JCP symptoms
and underline that a better awareness of social impacts of
JCP treatment options might help prescribers and enhance
the availability of effective treatments to patients.

Notes

i. In Japan, the PG-MARJ is used to assess the severity of JCP. The severity is
classified based on its three major symptoms, i.e. sneezing, rhinorrhoea,
and nasal blockage, which are divided into five grades: severest, severe,
moderate, mild, and asymptomatic3.

ii. Besides assessing symptoms, serum allergen specific IgE antibody
measurements enable a definite diagnosis of AR. Usually, the score
ranges from 0 to 4-6*. A score of 0 indicates a negative result and
higher scores represent a higher level of IgE*.

This refers to the reduction of the overall work impairment from 37.10%
to 23.49% and the reduction of the activity impairment from 38.51% to
2435% (change of 13.61% and change of 14.16%, respectively,
presented in Table 1).
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