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Aim: This study estimates the societal benefits of using biologics like secukinumab (SEC) instead of nons-
teroidal anti-inflammatory drugs for treating patients with ankylosing spondylitis in Germany. Materials &
methods: A Markov and a population model were used to predict the functional impairment of German
ankylosing spondylitis patients using SEC or nonsteroidal anti-inflammatory drugs. This was translated
into avoided productivity losses, which were valued according to gross value added. Results: The pro-
ductivity impairment of SEC users was predicted to decrease by 20 percentage points, corresponding to
12.8 and 32.7 million hours in paid and unpaid work and a monetary value of €1.6 billion from 2016 to
2030. Accounting for economic spillover effects increases the societal value to € 3.3 billion. Conclusion:
The improvements in functional impairment due to biologics could lead to sizable productivity effects.
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Ankylosing spondylitis (AS) is a progressive axial spondyloarthritis. It is characterized by enthesitis and chronic
inflammation, predominantly of peripheral joints and the spine [1]. Clinical manifestations of AS are asymmetric
peripheral oligoarthritis and inflammatory back pain [2]. Spinal mobility is increasingly reduced throughout the
disease which leads to significant functional restrictions [3,4]. Disease onset is usually before the ages of 30 and 40
years with a higher incidence among males [5,6]. It is estimated that between 1.3 and 1.6 million people in Europe
suffer from AS [7] with recent calculations claiming a prevalence of 0.37% in Germany [8]. AS patients suffer from
significant impairments in activities of daily living [9] and reduced health-related quality of life [10]. Besides the
considerable economic burden to the healthcare system [11], loss in productivity represents a substantial part of the
societal burden of AS [12,13]. Productivity losses in the AS patient population, where many individuals are still in
working age, could occur due to presenteeism, absenteeism, unemployment or early retirement [14].

Guidelines suggest the use of nonsteroidal anti-inflammatory drugs (NSAIDs) as first-line treatment of AS for
symptom control [15–17]. However, these are unable to stop or reverse disease progression [18]. Biologic treatment
with anti-TNF agents like infliximab, adalimumab, certolizumab or golimumab builds the last and most effective
line of treatment of AS [16,19]. Secukinumab (SEC), a novel IL-17A inhibitor, provides a new mode of action for
the treatment of active AS in adults and received European market approval in late 2015 for patients who have
responded inadequately to conventional therapy [20]. As part of a new class of biologics, SEC aims to overcome
the low persistence [21] and unfavorable adverse event risk profile of anti-TNFs [22]. The Phase III clinical trials of
SEC, MEASURE 1 (CAIN457F2305) and MEASURE 2 (CAIN457F2310), provide evidence on its effectiveness
and safety [23–25]. Follow-up studies show that improvements in disease activity and symptoms are sustained over a
long-term period [26,27].

To our knowledge, no studies have assessed the societal impact of the use of biologics in the treatment of AS
for Germany, the context of interest of our analysis. In an effort to overcome this gap in the literature, our study
aims to assess the societal impact of the use of a biologic treatment, with SEC as an example, in terms of paid and
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unpaid work, compared with a non biologic treatment among AS patients in Germany. We opted for focusing on
the effect of an introduction of a single treatment and not the full class of biologics, since results would be more
informative for health technology assessment, or the related policy context, which mostly focus on single products.
The choice to use SEC as case study was based on the product being one of the newest treatment options in this
indication and, more pragmatically, that detailed (clinical) data, beneficial for the type of analysis we conducted,
was available to us only for this treatment.

For the purpose of our analysis, we adopt an existing cost–effectiveness framework [28], and extrapolate the health
effects to the expected SEC users in the German AS population from 2016 until 2030. In a second step, these
health effects are translated into avoided productivity losses and monetized in terms of gross value added (GVA), a
widely used metric to measure economic activity from a macroeconomic perspective. This monetized value of the
patient’s potential for paid and unpaid work is then compared with the expected healthcare costs associated with
the treatment.

Materials & methods
As a first step, we simulate the effects of SEC on the German social health insurance patients with active AS, aged
20 years and over, and who exhibited inadequate drug response to conventional care (CC) defined as NSAIDs.
We compare two scenarios: patients continuously treated with SEC, and patients treated with NSAIDs, hereinafter
called CC. Therefore, we estimate the societal value that is created through the use of biologics like SEC in
comparison with non biologic treatments. We did not extend our analysis to compare SEC with anti-TNFs as a
comparison within biologic treatment options was not relevant to the study objective. Further, such a comparison
within biologics would be limited, as it would entail indirect treatment comparisons due to a lack of head-to-head
studies.

The time period of our analysis is from 1 January 2016 to 31 December 2030. This period was chosen to reflect
the approximate product life cycle of SEC. A longer time frame was not chosen as all future cohorts of our target
population were simulated to capture the impact on the health and productivity of the AS population through the
year 2030. This required a dynamic population approach, accounting for new cohorts entering the model every
cycle, as well as for the possibility of discontinuing treatment or death.

Patient-level model
To capture these dynamics for the population, we simulated the corresponding events and disease severity for
an average patient, adapting a newly developed cost–effectiveness framework [28]. This framework consists of a
semi-Markov model with a 6-month treatment induction period, after which treatment response is assessed. In
the SEC scenario, based on a positive response, patients proceed treatment with SEC. In the following 3-month
model cycles, patients could transition to the following states: Discontinue SEC and return to CC, suffer from a
severe adverse event (infection and malignancy), also leading to treatment discontinuation and additional treatment
costs, or transition to the death state. In the CC scenario, patients are continuously treated with NSAIDs and
cannot switch to other treatments. If SEC treatment is discontinued in the SEC scenario, patients are censored
and no longer followed in the model. The reasoning behind this censoring was that we assumed no difference
in disease severity and treatment cost between patients who newly entered CC due to treatment discontinuation
and patients in the scenario that received CC from the beginning. This implies that the initial improvement in
disease activity due to the use of SEC, and therefore the difference in benefits to the CC scenario, is lost again after
treatment discontinuation. All patients in CC receive the same treatment (NSAIDs), as such there is no difference
in treatment costs between the scenarios for patients discontinuing treatment. The model does not assume any
natural progression of disease activity over time [28].

Clinical input data for our patient-level model, like baseline severity or effectiveness, are summarized in Table 1.
They were predominantly calculated based on results from the MEASURE 1 and 2 trials (CAIN457F2305,
CAIN457F2310), where 590 patients were randomized to receive subcutaneous maintenance injections of SEC or
placebo. SEC achieved clinically meaningful improvements in disease severity compared with placebo [25].

Main parameters are the SEC treatment response at 6 months measured via the assessment of spondyloarthritis 20
(ASAS20) criteria and the change in disease activity measured via the Bath AS disease activity index (BASDAI) [35,36].
The former is a widely used criterion to show whether a patient benefits from treatment and should continue with
the regimen. The BASDAI is a measure of disease activity scaled from 0 to 10 with higher values indicating worse
health. The central assumption of the model is that there is no change in BASDAI in the CC scenario. This follows
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Table 1. Main input parameters and assumptions.
Model input Input value; description Ref.

ASAS20 response rate:

– 6 months 69.7% (95% CI: 58.9–82.0); MEASURE 2 for patients receiving 150 mg dosage of SEC [29]

Baseline severity (SD):

– BASDAI total 6.59 (1.47); MEASURE 2 baseline for patients receiving 150 mg dosage of SEC [29]

– BASDAI given ASAS20 response 6.90; Calculated based on MEASURE 1 & 2 trial data (not reported in trial results
publication)

– BASDAI no ASAS20 response 6.13; Calculated based on MEASURE 1 & 2 trial data (not reported in trial results
publication)

Change in BASDAI with SEC150 (6 months) (SD):

– ASAS20 Responders -3.70 (1.86); Calculated based on MEASURE 1 & 2 trial data (not reported in trial
results publication)

– ASAS20 Non-responders -1.42; Calculated based on MEASURE 1 & 2 trial data (not reported in trial results
publication)

BASDAI change in CC Assuming no improvement or deterioration for patients with conventional care Assumption and
CE-Model [28]

Annual drop-out-rate SEC:

– Year 1 15.3% [27]

– Years 2+ 2.3%; 2- and 3-year results MEASURE 2 [27]

Exposure to biologics Model uses weighted average of effectiveness of SEC for biologic experienced and
naive patients

Assumption and
CE-Model [28]

BASDAI with continuing SEC treatment 3.2; Baseline BASDAI given response – Change in BASDAI given response Own calculations and [27]

Adverse events:

– Serious infections per 3-month cycle 0.24%; 10% of which tuberculosis [29]

– Malignancy 0.0015% [29]

Relative mortality risk vs general population:

– Male 1.63; General population mortality was extracted from German statistical office
Destatis

[30,31]

– Female 1.38 [30]

Age and gender distribution
(female/male), %:

– 20–29 years 2.28/3.15

– 30–39 years 5.35/7.11

– 40–49 years 6.82/9.77

– 50–59 years 9.05/12.24

– 60–69 years 8.40/14.09

– 70+ years 6.64/15.10

Employment rate (female/male), %: [32–34]

– 20–29 years 50.59/50.44

– 30–39 years 70.35/73.93

– 40–49 years 71.02/75.66

– 50–59 years 58.74/58.37

– 60–69 years 10.30/15.55

– 70+ years 0.81/1.92

ASAS20: Assessment of spondyloarthritis 20 criteria; BASDAI: Bath AS disease activity index; CC: Conventional care; SEC: Secukinumab.

from the definition of the patient population, which previously exhibited inadequate drug response to NSAIDs.
The model assumes that the improvement in BASDAI given ASAS20 response can be sustained over the modeled
time period. 3-year results from the MEASURE trials do indicate that this is not an unrealistic assumption [26,27].

We ran separate models for gender and age groups (20–29, 30–39, 40–49, 50–59, 60–69 and 70+ years) to
account for the differences in mortality, imputing the midpoint of the age intervals into the patient-level model (75
for 70+ years). These age groups were selected to be congruent with age categories most frequently used in official
statistics relevant to our analysis (see below).
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Population model
In a separate model, we combined health state probabilities, and disease activity (BASDAI) from these lifetime
patient-level simulations with the number of AS patients expected to initiate treatment with SEC in the respective
3-month cycle until 2030 in the respective age/gender group.

Individuals initiating treatment with SEC are either patients with no prior adequate response to NSAIDs or
patients switching from other biologics. In the benefit dossier submitted to the federal joint committee (G-BA),
this population is estimated to be in between 22,031 and 98,294 social health insurance patients [8]. This range is
based on an AS prevalence of 0.37% and a share of patients receiving biologics or potentially eligible for biologic
treatment – active AS without adequate response to CC – of 10.3 and 45.7% [8]. Applying a moderate market share
among biologics, the estimated number of patients initiating treatment with SEC and entering the model is 1344
in 2016. We assume an increase in the proportion of AS patients receiving biologics due to higher acceptability
and tolerability of biologics and an increasing market share for SEC until 2021. Using a logarithmic extrapolation,
we assume that the entry cohort sizes decrease after 2021 and conservatively drop to zero in 2028 due to potential
new market entries and displacement of SEC. Appendix A plots the development of the expected cohort sizes until
2030. Yearly cohorts are evenly distributed to 3-month cycles in our model.

Patients are distributed across gender and age groups according to data from the benefit dossier submitted to
the federal joint committee (Table 1). The main assumptions of the long-term population-level model are the
following: Drop-out rates (besides mortality) and sustained effectiveness are independent of age and gender; all
input parameters of the patient-level model (Table 1), as well as the age and gender distribution of the newly
entering cohorts of AS SEC users, stay constant over the full-time horizon of our analysis. While these are strong
assumptions, they constitute logical choices in light of lacking valid prospective data on these parameters. All
of the above described patient cohorts are followed until 31 December 2030. The population model provides
information on the number of patients in each model cycle with continuous SEC treatment, who are assumed to
sustain their initial average BASDAI improvement (Table 1). Patients discontinuing treatment (e.g., adverse event,
lack of efficacy, adherence and death) drop out of the model.

Linking clinical outcome to productivity & monetary valuation
To estimate the societal benefits associated with sustained improvements in disease activity (BASDAI), we had to
quantify the relationship between BASDAI scores and some type of productivity measure. Previous research used
the work productivity and activity impairment questionnaire (WPAI) for that purpose [37]. The WPAI is a reliable
and valid patient-reported instrument quantifying the percentage of work and activity impairment due to (bad)
health [38,39]. We utilized patient-level longitudinal data from the MEASURE 1 and MEASURE 2 trials to estimate
the relationship between BASDAI and the work productivity loss and activity impairment dimensions of the WPAI
general health questionnaire. The calculations included patients randomized to either a 150 mg dosage of SEC or
placebo using observations at baseline and weeks 16, 24 and 52. A linear mixed model with log link and gamma
distribution was used to fit WPAI scores as response variables and BASDAI score as a predictor, controlling for
gender and age. To account for the within-subject correlation of assessments across time, we used subject as random
effects. The results of these calculations allow us to quantify the percentage work and activity impairment of our
SEC model population and compare it with the CC population.

Estimating amount of gained productive time
Figure 1 outlines our approach to estimating the societal impact induced by the improvement in work and
activity impairment. Besides productivity related to paid work, we also quantify the impact on unpaid work using
the estimated difference in activity impairment. Following the ‘third-person criteria’, unpaid work activities are
productive activities with no direct remuneration, which are replaceable by others [40]. This is, for example, the
case for unpaid household production and volunteering. Unpaid work is an important contributor to societal
welfare [41] and therefore should not be neglected in this type of analysis. The differences in average percentage
work and activity impairment in AS patients between our treatment scenario with SEC and the CC scenario are
then multiplied by a baseline.

To establish a baseline of hours worked in gainful employment in our model population, the following steps
were necessary: first, we utilized age- and gender-specific employment rates of AS patients from a study analyzing
employment of AS and rheumatoid arthritis patients in Germany to estimate the share of employed patients [32]. We
aggregated the information on 5-year age groups into 10-year groups to fit our model purposes and then extrapolated
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Figure 1. Stylized depiction of estimating productive time and monetary value based on differences in work and
activity impairment.
AS: Ankylosing spondylitis; CC: Conventional care; GVA: Gross value added; IAB: Institut fürArbeitsmarkt-und
Berufsforschung; SEC: Secukinumab.

a reduced employment rate for individuals older than 64 years (Table 1). Second, working time calculation data
from the federal labour office and information from the German national accounts and statistical offices were used
to calculate the average working hours per age and gender cell allocated to each industry sector [42–44].

The baseline number of hours spent on unpaid work for all relevant age- and gender cells was extracted from data
from the German time use survey [45,46]. The following activities collected by the time use survey are subsequently
assigned to the industry sector of their closest market substitute, following the proxy good approach (also known as
market replacement cost approach) for monetary valuation: Gardening, improvements and home repair, preparation
of meals, maintenance of dwelling, manufacturing and care of textile fabrics, purchases and procurement, planning
and organization, informal care, child care, other care and voluntary work [41]. Other activities are not captured.
By definition, a monetary compensation of unpaid work cannot be observed. Therefore, in the following, we refer
to ‘equivalents’ to highlight that the monetary value of unpaid work is hypothetical.

Monetary valuation of paid & unpaid work
The avoided loss in productive time per industry sector for paid and unpaid work is then valued according to
industry-specific GVA per working hour. GVA is an indicator, measuring the value of economic activity as economic
output exclusive of intermediate consumption. One of the most widely used measures for economic performance,
it constitutes the contribution of an economic subject to the gross domestic product [47]. Industry-specific GVA
per working hour is extracted from the German national accounts [43]. Hourly productivity is assumed to remain
constant throughout our analysis.

So far, we have estimated the direct GVA equivalent value corresponding to avoided losses in paid and unpaid
work. GVA effects are synonymous to additional goods and services being produced. The production of goods
and services initiates further economic activity. To estimate these spillovers, we employ industry-specific Leontief
multipliers for indirect and induced economic effects using the input-output tables from the German national
accounts [48]. Indirect effects represent the intermediate consumption of goods and services and suppliers. Induced
effects capture the impact of spending by households receiving income based on direct and indirect effects. While
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the reasoning behind indirect and induced effects is more comprehensible for paid market activities, the production
of unpaid work activities is assumed to generate indirect and induced GVA effects as well, as these still require
certain goods and services.

Estimating costs of treatment
In addition to estimating the benefits associated with biologic treatment, we calculated the cost or investment
necessary to achieve the outlined improvements in health and productivity impairment up to 2030. Patient-level
and population models were used to estimate the overall drug costs for SEC, costs for initial administration and
monitoring, as well as costs caused by adverse events like infection and malignancy. Resource use and cost input
data can be found in Appendix B.

Sensitivity analysis
Univariate sensitivity analysis was conducted to provide information about the impact of the uncertainty around
our main input parameter using their 95% CIs (if available, see Table 1). The interval for BASDAI change after 6
months had to be calculated based on its standard deviation. As information on the uncertainty around the gender-
and age-specific employment rates was not available, those were varied by 10%. The structure of our model with
two sequential models (patient-level and population), and the limitations of Microsoft Excel, did not allow us to
conduct probabilistic sensitivity analysis.

We did not discount future incurred costs and generated societal value in our base case estimates but provide
discounted overall benefit and cost estimates based on a 3% discount rate as common in cost–effectiveness analysis.
Not discounting is in line with guidance for budget impact analysis [49], which we consider more closely related to
our analysis, compared with cost–effectiveness analysis, where net present values are required. The quantification
of the relationship between BASDAI and WPAI was conducted using SAS version 9.4 (SAS Institute, NC, USA).
Microsoft Excel 2013 (Microsoft Corporation, WA, USA) was used for all other calculations.

Results
Population size, disease severity & activity impairments
The patient-level and population model predicted the number of AS patients with continuous use of SEC and the
number of patients discontinuing treatment, less the number of patients dying throughout the modeled period.
As outlined in section 2, we are merely interested in patients with continuous SEC use and assume a sustained
improvement in disease activity in these patients. This corresponds to a constant BASDAI score of 3.2. In the
comparator scenario, where patients are assumed not to profit from CC, the BASDAI score remains at the baseline
of 6.59 (Table 1).

The linear mixed model estimating the relationship of BASDAI and WPAI score calculated that BASDAI is a
significant predictor of work and activity impairment (p < 0.0001). Age and gender, however, seem not to influence
work productivity in AS patients, while age is a significant predictor of activity impairment. The results of these
calculations are shown in Table 2.

Age- and gender-specific work and activity impairment in the population per model cycle were predicted using
the estimated coefficients according to Equations (1 & 2):

%Work productivity loss = exp (3.00 + 0.15 ∗ BASDAI + 0.001 ∗ age − 0.004 ∗ male) (Eq. 1)

%Activity impairment = exp (2.81 + 0.17 ∗ BASDAI + 0.004 ∗ age − 0.034 ∗ male) (Eq. 2)

We used the midpoints of the age categories as age inputs for the calculations (and 75 for 70+ years). The
corresponding calculations resulted in average percentage work productivity loss and activity impairment of 33.4
and 33.8% in SEC users. For CC users, remaining on the BASDAI baseline of 6.59, the corresponding work
productivity loss and activity impairment was 55.3 and 59.3%.

These differences in productivity and activity impairment correspond to 45.5 million hours of productive time
that could be avoided in the German AS population treated with a biologic like SEC from 2016 to 2030. Out
of these 45.5 million hours lost, 32.7 million hours (72%) are attributed to unpaid activities such as household
production or volunteering while the remainder is attributed to paid work (12.8 million hours). On patient level,
these numbers equal to a potential of 116 h in paid work and 299 h in unpaid work per patient per year. This
result highlights the importance of including unpaid activities in such type of analyses.
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Table 2. Estimates for the relationship of WPAI and BASDAI.
Variable Estimate (SE) 95% CI p-value

Work productivity loss

Intercept 2.9993 (0.1092) 2.7843–3.2144 �0.0001

BASDAI total score 0.1489 (0.0077) 0.1338–0.1640 �0.0001

Age (years) 0.0006 (0.0023) -0.0039–0.0051 0.7879

Male -0.0036 (0.0519) -0.1055–0.0983 0.9450

n 778

Activity impairment

Intercept 2.8088 (0.0704) 2.6703–2.9473 �0.0001

BASDAI total score 0.1657 (0.0050) 0.1560–0.1755 �0.0001

Age (years) 0.0035 (0.0013) 0.0009–0.0061 0.0079

Male -0.0338 (0.0347) -0.1019–0.0343 0.3300

n 1319

Own calculations based on linear mixed model with log link and MEASURE 1 and 2 trial data.
BASDAI: Bath AS disease activity index; SE: Standard error; WPAI: Score based on the work productivity and activity impairment questionnaire.

Table 3. Potential gains in productive time and the corresponding monetary val-
uation.

Aggregated results

Person-years in model for secukinumab users 109,685

Gained hours of productivity until 2030:

– Paid work 12,754,128

– Unpaid work 32,743,704

Value of hours gained until 2030 in terms of gross value
added (undiscounted):

– Paid work Direct: €611,554,551
Indirect: €446,999,365
Induced: €273,394,382

– Unpaid work Direct: €975,817,109
Indirect: €578,577,097
Induced: €372,194,820

Total social impact €3,258,537,324

Social impact per patient per year €29,708

Societal value & costs
Valuing the aggregated benefit in paid work in terms of GVA corresponds to a monetary impact of €611.6 million.
The benefit in unpaid work corresponds to a GVA equivalent of €975.8 million. Using Leontief multipliers to
account for the indirect and induced economic activity results in a societal value of healthier patients, or social
impact, of €3.3 billion (Table 3). Applying a 3% discount rate to streams from 2017 to 2030 yields a total value of
€2.54 billion.

The corresponding costs of treatment, on the other hand, are estimated to be € 1.30 bn. This amount is inclusive
of drug costs (99.46%), initial and monitoring costs (0.25%) and adverse event costs (0.29%). Using a 3% discount
rate decrease, the total costs to € 1.01 bn. The yearly projected social impact and costs occurring from 2016 to
2030 are presented in Figure 2.

Sensitivity analysis
The sensitivity of the societal impact of biologic treatment concerning the uncertainty around our main input
parameters is depicted in Figure 3, using the 95% CIs as the upper and lower bounds of the parameters (where
available). The figure illustrates that transforming BASDAI-scores into percentage productivity impairment, based
on BASDAI coefficient estimates from Table 2, introduces the highest level of uncertainty in our model. The results
are more stable to changes in the clinical input parameters or the employment rate.
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Figure 3. Robustness of calculated societal impact (including indirect and induced effects) to changes in main input
parameters.
Input parameters were varied according to lower and upper bound of 95% CIs (where available).
ASAS20: Assessment of spondyloarthritis 20 criteria; BASDAI: Bath AS disease activity index.

Discussion
Using an extended approach, we quantified the societal value created by biologic treatment like SEC among
AS patients in Germany compared with a non biologic treatment by extrapolating results from the MEASURE
trials. The use of biologic treatment can lead to sustained improvements in disease activity in the eligible German
AS population due to non response to CC defined as NSAIDs. This improvement has the potential to enable
considerable productivity effects for both paid and unpaid work. Monetizing these in terms of GVA leads to an
estimated direct value of € 1.6 bn up to 2030. By including the potential to stimulate indirect and induced effects,
the total societal value is estimated at € 3.3 bn. Our estimates display a comprehensive economic valuation of
avoided losses of productive time in order to approximate the productivity-related welfare gain due to better health.
It is important to note, however, that we do not claim the estimated effect to correspond to the real expected gross
domestic product impact.

150 J. Comp. Eff. Res. (2021) 10(2) future science group



Societal impact of secukinumab for AS treatment Research Article

A novelty of our study lies in the chosen approach for quantifying a monetary value of health-related productivity
effects: Valuing avoided losses of productive time in terms of GVA based on the national accounts and taking into
account possible indirect and induced economic effects present new ways of estimating productivity effects. By also
including unpaid work, which has been applied and discussed before [50], we are providing a more comprehensive
picture of the societal impact of improvements in productivity impairment.

Related literature
By including unpaid work, and valuing productive time according to GVA, which enabled the calculations of
economic spillover effects, our study provides a broader analysis of the societal impact of a specific medication for
AS, than the previous literature. Due to vast differences in the methodological choices between studies, directly
comparing our monetary estimates of the economic burden of AS or its improvement to existing literature is
difficult [51]. For example, one analysis, which considered unpaid work in this context, uses self-reported time
needing help as a proxy for activities that the patient was unable to perform [52]. This methodology is hardly
comparable with our estimation approach.

A related study from the Netherlands estimated annual decreases of productivity costs as a result of the introduc-
tion of the class of anti-TNFs of €12.58–31.21 million [53]. Taking the midpoint of their estimate, the time frame
of our study (15 years) and a difference in size of population between Germany and the Netherlands (factor of four;
in their study, the prevalence of AS for the Netherlands was assumed to be 0.4%, with an estimate of 0.36% used
in our study) roughly translates to productivity improvements of € 1.2 bn. However, measurement and valuation
of productivity effects differed significantly compared with our study.

An analysis, which used a comparable approach, estimated the societal impact of SEC in comparison with the
non biologic csDMARDs in the German psoriatic arthritis population [54]. The societal impact of SEC up to 2030
in this patient population was estimated to be € 2.7 bn overall and € 17,953 per patient per year. Our disaggregated
estimate of € 29,708 per patient per year is considerably larger. The larger effect is plausible as there is a larger
difference in work and activity impairment (avg. 13.6 and 12.1% vs 21.9 and 25.5%) and relates to a younger
patient population.

The only analysis in Germany, which estimated productivity costs due to AS in general, is an analysis by Huscher
et al. [12]. They include absenteeism and permanent work disability, and value productivity losses according to the
average daily German wage. We, on the other hand, do not include work disability but account for presenteeism
and unpaid work, and value avoided productivity losses in terms of the hourly GVA, while also including indirect
and induced economic effects. Applying the human capital approach, the annual loss of productivity per patient
for paid work with functional impairment above 50% was estimated to be € 30,557 (inflation-adjusted 2015
values) [12]. This level of impairment corresponds to the level in our CC scenario. The calculated direct benefit of
biologic treatment in paid work in our analysis, which is the estimate most closely related to Huscher et al., is €
5576 per patient per year. Although we refrain from a direct comparison given the methodological differences, this
shows that our estimated value of an average work productivity improvement of 21.9% points is not unrealistic, at
least for the direct impact on paid work.

A study from the UK investigated work productivity loss in terms of both presenteeism and absenteeism in AS
patients following the human capital approach [55]. Their estimate for the overall work impairment per patient per
year amounts to £ 3836 (€ 5467 in 2015 values). This number is considerably lower than our baseline productivity
loss due to two factors: first, we value productivity losses in terms of GVA, while Cooksey et al. use average daily
wages [55]. Second, our analysis only includes AS patients, who are eligible for biologic treatments and did not
adequately respond to non biologic treatments, while the only inclusion criteria in Cooksey et al. is a confirmed AS
diagnosis [56]. Therefore, disease severity and work impairment vary considerably between the two analyses. The
estimated average work impairment was 26.1% in Cooksey et al., while the average work productivity improvement
due to the use of SEC was estimated to be 21.9% points in our analysis. Although the baseline work impairment
is widely different, the valuation of these two similar numbers lies within a reasonable range (€ 5467 vs € 5576).

Limitations
Our results have to be interpreted in acknowledgment of several limitations. First and foremost, our simulation
solely focuses on a comparison of a biologic treatment using SEC as example with a non biologic treatment. This
treatment was assumed to be not effective as the modeled population did not adequately respond to a treatment
with NSAIDs before. The estimated effects therefore do not represent the added benefit of SEC on top of the
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existing biologic treatments. They should be interpreted as the societal impact of SEC as member of this class of
drugs compared with a scenario where these effective treatments are not available.

Another main limitation of the simulation is the uncertainty concerning the expected number of patients, which
take up treatment with SEC from 2016 through the year 2030. Therefore, we decided to make a conservative
assumption about the number of patients initiating treatment with SEC in the later years of the simulation
(Appendix A), where competitors, biosimilar treatments or other innovations in treating AS may displace SEC.

Although our analysis goes further in including all relevant societal benefits than previous analysis, the picture
is not yet complete. For instance, we did not account for possible changes in the caregiver burden due to a
more effective treatment. One analysis estimated that on average, an AS patient requires 52 h of caregiver’s time
per 3-month period [55]. Furthermore, individuals taking care of relatives/friends with chronic diseases, like AS,
themselves potentially are negatively affected by the care they are giving. These negative consequences could also
include health deterioration [56,57]. Furthermore, our analysis also does not include activities like leisure, which
undoubtedly have value to individuals as well as economic relevance.

The sensitivity analysis revealed that the transformation of BASDAI into productivity has a considerable impact
on our results and shows that this type of mapping approach is invariably the second-best approach if long-term
observations of productivity measures are not available. Therefore, it might be worthwhile in the future to include
a measurement like the WPAI also in the long-term follow-up of a study. Although 3-year effectiveness data show
that the improvement in disease activity can be sustained, it is unclear whether this would also be the case for the
improvements in work productivity and activity impairment [26].

Labor market participation of AS patients in our model had to be estimated based on data from 2007 to 2011
due to the lack of more current information [32]. Employment rates were assumed to be equal between SEC and
CC. Therefore, we did not account for possible differences in early retirement due to AS, although this relationship
does exist [58].

Apart from the degree of labor market participation and the estimated work and activity impairment, we assumed
that the potential for paid and unpaid work of the modeled AS patients does not differ from the general German
population. Although using GVA to value productive time goes beyond what has been done before, we could not
account for wage differences between men and women as well as between the more/less experienced employees.
We furthermore did not consider compensation mechanisms or multiplier effects (e.g., by co-workers) [59].

Our analysis does not only provide an estimation of paid and unpaid work productivity, it also includes an
assessment of the healthcare costs associated with the use of a biologic like SEC over the modeled time period.
However, for interpreting the results of this type of analysis, it is important to acknowledge that the estimated
effects do not constitute a net benefit to society. It is possible that resources allocated to biologic treatment could
alternatively be spent on other drugs or interventions, which generate larger effects with similar or lower costs.
Within AS treatments, this is, however, not necessarily the case, considering the favorable cost–effectiveness results
of SEC [28].

Conclusion
This study shows the extent to which a reduction of the health burden of AS patients in Germany can bring
about societal benefits in terms of avoided productivity losses/gains in productivity potential. It emphasizes that
the impact of AS is not limited to the detrimental health of patients or the associated healthcare resource use, but
also includes considerable productivity effects. It also explores the relevance of an effective treatment of AS from a
societal perspective.

The explicit consideration of unpaid work in our study adds to the existing literature by including a broader
perspective on productivity to inform decision-making. The results suggest that unpaid work is a non-negligible
aspect when determining the burden of a disease and should be included in all future analyses of this type. A
precondition for this is, however, that the necessary information on unpaid work capability is collected more
frequently and in a more comprehensive manner than in the past.

Our estimates indicate that avoided losses in paid and unpaid work outweigh the healthcare costs related to the
treatment with a biologic using SEC as example. This is still the case if potential economic spillover effects are
disregarded. We thereby show that the societal investment in effective treatments for AS, or medical interventions
in general, do have the potential to be compensated by the value it is creating within society by merely looking at
productivity effects. However, productivity should only ever be one component in the assessment of the relevance of
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a particular disease or a medical intervention. Other aspects, like equity and health equity, must not be disregarded
in decision-making.

Summary points

• The use of secukinumab in ankylosing spondylitis (AS) patients who did not adequately respond to NSAIDs is
simulated to considerably decrease disease activity as measured via the BASDAI compared with a conventional,
non biologic treatment.

• Reductions in disease activity in patients with AS are estimated to lead to sizable decreases of productivity
impairment on an individual level.

• Aggregating these productivity effects to the German AS population, expected to receive a biologic like
secukinumab, amounts to 12.8 million productive hours for paid work from 2016 to 2030.

• The corresponding avoided loss in unpaid work is 32.7 million hours, highlighting the importance of including
unpaid work in productivity (cost) calculations.

• Productive time was valued according to gross value added (GVA) per working hour, leading to a direct GVA
equivalent monetary estimate of € 1.59 bn.

• By using GVA, further indirect and induced economic effects can be calculated to provide a more complete
picture of the productivity effect. This leads to a total monetary estimate of € 3.26 bn.
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Bundesamt, Wiesbaden, Germany (2015).

46. Destatis. Sonderauswertung auf Basis von Daten der Zeitverwendungserhebung 2012/13. Durchschnittliche Zeitverwendung von Personen
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