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Abstract

Objective This study aimed to analyze the healthcare resource use (HCRU) and associated costs of multiple myeloma (MM)
using German claims data.

Methods Anonymized claims data from one of the largest sickness funds in Germany were analyzed. Costs and HCRU were
calculated from the perspective of the statutory health insurance. To analyze MM-associated incremental costs in a most
recent calendar period for an overall MM population (31 March 2018-31 March 2019), a prevalent cohort of MM patients
(continuously insured during 01 January 2010 until 31 March 2019 or death; two or more outpatient and/or one inpatient
MM diagnoses [ICD-10: C90.0-] and alive on 31 March 2018) was compared with a control group (not diagnosed with
MM) employing propensity-score matching. Additionally, to describe MM-associated HCRU and costs for treated patients
per line of treatment (lot), a cohort of newly treated patients was considered (> 12 months’ pre-index period without MM
treatment). Therapy lines were determined based on observed days of medication supply, treatment switches, and treatment
discontinuations.

Results Overall, 2523 prevalent MM patients (52.0% female, mean age: 71.3 years) and 1673 newly treated MM patients
(50.2% female, mean age: 73.0 years) met the selection criteria and were included in the analyses. After matching, a non-
MM counterpart could be identified for 2474 prevalent out of 2523 MM patients. MM-associated incremental HCRU was
characterized by an increased number of hospitalizations and a higher number of outpatient specialist visits (per patient-year
[ppy] 0.48 additional hospitalizations and 3.80 additional specialist visits; p < 0.001), being also drivers of the associated
total incremental add-on costs (15,381.09 € ppy, p < 0.001). Among newly treated patients, total direct costs ppy increased
as patients received subsequent treatments (1st lot: 67,681,55 €; 4th lot+: 114,934.01 €), driven by outpatient MM prescrip-
tions (1st lot: 28,692.32 €; 4th lot+: 62,980.72 €).

Conclusion The economic burden of MM is driven by outpatient prescriptions, inpatient hospitalizations, and outpatient
specialist visits. Treatment and overall costs increase substantially when patients move to later lines of treatment.

Key Points for Decision Makers

Multiple myeloma (MM) has a significant economic
burden in Germany. This study showed total all-cause
direct costs of 22,847.64 € in a cross-sectional sample of
patients with MM, which was three times higher than the
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1 Introduction

Multiple myeloma (MM) is a type of bone marrow cancer
caused by malignant plasma cells. Globally, the annual
incidence of MM is estimated to be 6-7 cases per 100,000
persons [1], accounting for 1% of all cancer [2]. Similarly,
in Germany, it is among the 20 most common malignancies
with an estimated 7000 new cases every year and a 5-year
prevalence of nearly 22,400 cases [1, 3].

The natural course of MM is characterized by a high risk
of progression, with patients becoming less responsive to
treatment with each relapse. Following a subsequent relapse,
patients have reduced health-related quality of life (HRQoL)
due to not only disease progression but also comorbidities
[4].

Although MM is currently incurable, the treatment land-
scape is rapidly evolving, and improvements in overall
survival (OS) have been observed over recent years [5, 6].
These are associated with the introduction and widespread
use of multiple novel agents and regimens [7], as well as
with the emerging treatment paradigm of continuous therapy
or long-term maintenance therapy [8—10], an approach that
has been shown in clinical trials to offer prolonged survival
versus fixed-duration or shorter-term therapeutic approaches
[9-12]. In 2010, the main novel agents approved for use
were bortezomib, lenalidomide, and thalidomide [13-15].
Since then, ten novel agents (i.e., pomalidomide, carfil-
zomib, panobinostat, daratumumab, ixazomib, elotuzumab,
selinexor, belantamab mafodotin, isatuximab, ide-cel) have
been approved [16].

Given this intricate disease course and the relatively wide
array of therapeutic alternatives, it is increasingly impor-
tant to understand the real-world economic burden of MM.
Although several studies have demonstrated the costs associ-
ated with MM in the US and several European countries, far
less is known about the economic burden associated with the
real-world treatment of MM in Germany [17-20]. This study
aims to bridge this gap by analyzing the healthcare resource
utilization and costs in patients with MM, using claims data
from a statutory sickness fund in Germany.

2 Methods
2.1 Data Source

This study used healthcare claims data from a statutory sick
fund (AOK PLUS) in Germany for the period 01 January
2010 to 31 March 2019. AOK PLUS covers nearly 3.4 mil-
lion insured persons in the regions Saxony and Thuringia,
which corresponds to approximately 50% of the regional
population and represents 4.4% of the nationwide statutory
insured population. The data include information on all the
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claims from inpatient and outpatient care as well as the num-
ber of days absent from work, sociodemographic character-
istics of the enrolled persons, and all-cause mortality.

2.2 Study Population

Within the study, two cohorts were investigated: (i) a cohort
of prevalent patients and (ii) a cohort of newly treated
patients. The scheme of patient selection for both cohorts
is depicted in Fig. 1.

We analyzed a prevalent cohort of MM patients in a most
recent calendar period for two reasons: (i) from a payor per-
spective, it might not only be important to understand what
the healthcare resource use (HCRU) and associated costs of
patients currently receiving treatment are but also to capture
respective numbers for patients in remission or, ideally, for
an ‘average MM cohort’. These numbers should be gener-
ated in the most recent year observable in the dataset as the
treatment paradigm changed substantially over the last years.
Therefore, the cohort of prevalent patients comprised con-
tinuously insured patients who were alive on 31 March 2018
with at least two confirmed outpatient MM diagnoses (ICD-
10 code C90.0-) in two different quarters that were no more
than 12 months apart or at least one inpatient MM diagnosis
between 01 January 2010 and 31 March 2018. The index
date for this cohort was defined as 31 March 2018, after
which the outcomes were observed until 31 March 2019 (or
until death, whatever came first).

The cohort of newly treated patients was made up of
continuously insured patients with at least two confirmed
outpatient MM diagnoses in two different quarters within
12 months or at least one inpatient MM diagnosis before the
start of their MM treatment, who initiated an MM-related
treatment after 31 December 2010. The date of the first
observed MM treatment was considered as the index date
after a minimum of 12 months of a treatment-free period.

2.3 Outcomes and Analyses

Three sets of analyses were performed in this study: (i)
description of baseline characteristics across the two cohorts,
(i1) analysis of MM-associated incremental economic burden
in the prevalent MM cohort, and (iii) description of all-cause
and primarily MM-related HCRU and costs in successive
therapy lines in MM treatment starters.

2.3.1 Patient Characteristics

Patient characteristics were descriptively analyzed for
both cohorts, referring to the respective index date or the
12-month pre-index period. Age, gender (both at index
date), and comorbidities described by the Charlson Comor-
bidity Index (CCI [21]; based on diagnoses observed in the
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Fig. 1 Patient inclusion scheme, MM multiple myeloma

12-month pre-index period; Supplementary Table 1, see
electronic supplementary material [ESM]) were reported.
Frequency analysis was applied for categorical variables,
reporting the number and percentage of patients for each
category. For continuous variables, summary statistics,
including mean and standard deviation (SD), were reported.

2.3.2 Assessment of Healthcare Resource Use (HCRU)
and Cost

The utilization of healthcare resources was evaluated in
terms of the number of outpatient visits divided into Gen-
eral Practitioner (GP) or specialist visits, number of inpa-
tient visits, number of prescriptions, number of rehabili-
tation, and number of days absent from work. Outpatient
visits were approximated by counted dates of invoiced
services. An item was defined as primarily MM-related
HCRU if the respective claim was directly linked to the
MM diagnosis (i.e., hospitalizations with MM as the main
diagnosis, outpatient visits with a documented MM diag-
nosis, days absent from work due to MM, and outpatient
prescriptions of MM-related drugs as listed in Supplemen-
tary Table 2).

The costs related to the HCRU were calculated on an
annual scale for each individual and reflected the payer per-
spective except for the indirect costs of days absent from
work, where a societal perspective was considered. Unit
costs for all HCRU categories referred to values at the corre-
sponding date of healthcare resource. The claims from inpa-
tient care, covering all performed services and administered
pharmacological treatments during hospitalization stays,
are valued based on the diagnosis-related groups’ (DRG)

reimbursement codes. Reimbursement of services in the out-
patient care setting in Germany is regulated by the Uniform
Valuation Scheme (EBM) [22]. Within the EBM scheme, the
outpatient services are valued based on pre-defined weighted
points that were multiplied by a uniform orientation value.
In this analysis, the values used ranged from 0.03055 € in
2010 and 2011 to 0.1082 € in 2019. The outpatient prescrip-
tions, on the other hand, were valued based on the pharmacy
retail price (‘Apothekenabgabepreis’). Indirect costs due to
sick leave days were calculated by multiplying the number
of sick leave days by the mean daily loss of productivity for a
working person in Germany in the related calendar year [23].

2.3.3 Multiple Myeloma (MM)-Associated Incremental
Economic Burden

Based on the most recent period (31 March 2018-31
March 2019) and addressing an ‘average’ prevalent MM
population, propensity score matching was applied to iden-
tify the ‘non-MM healthy’ counterparts of the prevalent
cohort of MM patients. The underlying assumption was
that the difference between the economic burden of MM
patients over and above the economic burden of their non-
MM counterparts would yield the overarching economic
burden associated with MM.

The ‘healthy’ control group (non-MM patients) was
identified in the sickness fund dataset by identifying all
patients without cancer, sepsis/shocks, infections caused
by opportunistic pathogens, and without any HIV/AIDS
diagnosis. To estimate the propensity scores, logis-
tic regression was run with belonging to the MM ver-
sus non-MM group as the dependent variable and the
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above-outlined patient characteristics as covariates (Sup-
plementary Table 2, see ESM). After the propensity scores
were estimated, the prevalent cohort of MM patients was
one-to-one matched to non-MM patients, following a cali-
per rule of < 0.001.

After the matching was conducted, the per patient-year
(ppy) HCRU items and related costs of the two groups
observed from 31 March 2018 until 31 March 2019 or the
date of death were compared.

MM-associated HCRU and costs were calculated as the
differences in the respective ppy HCRU and cost outcomes
(i.e., incremental HCRU and costs between the matched
MM and the control group). The group differences in the
costs incurred were evaluated based on an incremental cost
approach using the Bang and Tsiatis estimator with possibly
censored data [24]. Costs and HCRU event counts ppy, their
increments, rate ratios, as well as the associated p-values
were reported for each outcome variable.

2.3.4 All-Cause and (Primarily) MM-Related HCRU
and Costs in Successive Therapy Lines

For newly treated MM patients, we assessed all-cause and
primarily MM-related economic burden over successive
treatment lines. For this, the cohort of newly treated MM
patients was assigned to successive treatment lines follow-
ing a treatment algorithm stated in Table 1. The duration
of the therapy lines was assessed by the dates of events

Table 1 Treatment algorithm

starting and ending the therapy lines, as in Table 1. For
each line of therapy (lot), observations were censored at
the time of death, switch to the next therapy line, discon-
tinuation of the therapy line, or at the end of the study
period.

Using the guidelines on MM treatment in Germany
[25, 26], the relevant summary of product characteristics,
and clinical expert opinion, the following treatments were
considered as MM-related treatments: chemotherapy (ben-
damustine, cyclophosphamide, doxorubicin, melphalan);
corticosteroids (dexamethasone only if the strength stated
on the pack is 20 or 40 mg per pill; proteasome inhibitors
(bortezomib, carfilzomib, ixazomib); immunomodulators
(lenalidomide, pomalidomide, thalidomide); monoclonal
antibodies (daratumumab, elotuzumab); and histone dea-
cetylase (panobinostat). For the Anatomical Therapeutic
Chemical (ATC, outpatient) and operational and procedure
(OPS, inpatient) codes, please see Supplementary Table 3
in the ESM. HCRU and cost outcomes were described for
the entire cohort of newly treated patients for the first three
therapy lines as well as the fourth and further lines.

2.3.5 General Considerations
In all analyses, p-values <0.05 were considered statistically

significant. Statistical analyses were performed using Micro-
soft SQL Server 2014 (Microsoft Corporation, Redmond,

Events

Description

Start of the induction therapy line (1st lot)

The first date the patient receives an agent from any one of the agent

classes listed in Supplementary Table 2 constituted the initiation of the
1st lot. In case combination therapy is observed, all prescriptions filled
within the first 30 days of the start of the 1st lot comprised the regimen

Prescription of a new agent not included in the preceding regimen, OR

Initiation of any agent after discontinuation

(Discontinuation is defined as a gap in the therapy of >60 days from the
runout date. For oral medications, the runout date is defined as the fill
date + supply day — 1. For medications administered otherwise, the
runout date will be defined as the date of service + 60 days)

Initiation of a new agent that was not included in the regimen OR

Discontinuation of all agents in the regimen OR

Earliest of death or the end of the study period [censoring]

Start of subsequent therapy lines

End of a therapy line

Initiation not earlier than 100 days after an autologous stem cell trans-
plantation AND

Monotherapy with lenalidomide or bortezomib AND

The respective monotherapy with lenalidomide or bortezomib has not
already been prescribed in the preceding regimen before autologous
stem cell transplantation

Maintenance therapy
(Maintenance therapy did not constitute a stand-alone therapy line
but was considered as a part of the active treatment line it followed)

Notes: Determination of supply day was based on DDD. It is assumed that patients (i) stockpile and (ii) use hospital stocks during inpatient
stays. In the case of combination therapies, all agents filled/administered within the subsequent 30 days or preceding 7 days with a repeated pre-
scription/sufficient DDD coverage were included in the regimen

15t lot first line of therapy, DDD defined daily dose
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WA, USA), STATA/MP 14 (StataCorp LLC, College Sta-
tion, TX, USA), and Microsoft Excel.

As the study addressed a retrospective anonymized
dataset, no ethical review was needed. However, the study
protocol was reviewed by a scientific steering commit-
tee and the data owner (statutory health insurance, AOK
PLUS). The work on the dataset conformed to all social
security data protection requirements.

3 Results
3.1 Patient Characteristics

As shown in panels a and b of Fig. 2, 5711 patients were
continuously insured for the entire study period and had a
diagnosis of MM based on the considered diagnostic crite-
ria. Among those, 2523 patients for the prevalent cohort and
1673 patients for the cohort of newly treated patients were
ultimately included.

The baseline characteristics of these patients are sum-
marized in Table 2. Within the prevalent cohort of MM
patients, the mean age was 71.3 years, and 52.0% of the
patients were female. The average level of baseline comor-
bidity, captured by the CCI score, was 5.9. For the cohort
of newly treated MM patients, similar baseline figures were
observed, where (i) the mean age was 73.0 years, (ii) 50.2%
of the patients were female, and (iii) the mean CCI score
was 5.2.

Panela

Prevalent cohort of MM patients
(N=2,523)

2 1inpatientor 2 tpatient diag f
MM (ICD-10: C90.0-) during the entire study period
(01/01/2010-31/03/2019),

3.2 Incremental MM-Associated HCRU/Costs

Nearly 1,567,217 patients in the entire database were ini-
tially eligible for the non-MM ‘healthy’ control group for
the purposes of propensity score matching. After the pro-
pensity scores were estimated and the previously outlined
matching procedure was applied, for 2474 patients (98.1%)
of the prevalent MM cohort, a ‘non-MM counterpart’ could
be identified. The quality of matching was assessed by com-
paring standardized differences between the groups in the
main characteristics (baseline age, gender, and CCI scores)
before and after matching (see Supplementary Table 4 in
the ESM). The characteristics were significantly different
between MM and non-MM individuals before the PS match-
ing, whereas no significant differences were observed after
matching.

The results of the outcome assessment based on the
matched MM and non-MM patients are shown in Table 3.
The matched MM patients were observed to have signifi-
cantly higher ppy inpatient hospitalizations (incremental
utilizations: A = 0.48), outpatient specialist visits (A = 3.8)
and outpatient prescriptions (A = 7.2) compared with
their non-MM counterparts in the matched control group,
with rate ratios of 1.44 (p < 0.001), 1.56 (p < 0.001), and
1.22 (p < 0.001), respectively. Conversely, the incremen-
tal ppy GP visits (A = — 0.13) and the days of sick leaves
(A = — 1.89) were significantly higher in the non-MM
group, with the respective rate ratios of 0.97 (p = 0.016)
and (p < 0.001). No significantly different incremental

Panelb

Cohort of newly treated MM patients
(N=1,673)

> 1 inpatientor 2 confirmedoutpatient diag
of MM (ICD-10: C90.0-) during the entire study
period (01/01/2010-31/03/2019),

N =6,471 N = 6,471 !
Not continuously Not continuously
"""""""""""""""""""" > insured, N= 700 B insured, N= 700
MM diagr dp who are cont Ty MM diag who are cont ]
insured inthe entire study period (01/01/2010— insured inthe entire study period (01/01/2010-
31/03/2019), 31/03/2019),
= Not alive on _ MM treatment
L R — R 3110312016, N=5771 observed during pre-
""""""""""" > index period,
N=2898 Patients of above starting treatment after N =3,995

Patients of above who are alive on 31/03/2018
N=2873

MM diagnosis after
the index date
# (31/03/2018),

N =350

Patients of above with MM diagnosis before the
index date of 31/03/2018

N =2,523

31/12/2010 (minimum pre-index period of 12
months inwhich no MM treatment was

observed)
Patients received MM
N=1776 treatment before MM
t ---------------------- > diagnosis,
N =103

Treatment starters after 31/12/2010 (mini
pre-index period of 12 months in which no MM

treatment was observed)

N=1,673
1LOT 2LOT 3LOT 4LOT+
N=1,673 N =961 N =483 N =254

Fig.2 Attrition charts. /LOT first line of therapy, 2LOT second line of therapy, 3LOT third line of therapy, 4LOT+ fourth or later lines of ther-
apy, ICD-10-GM German Modification of the International Classification of Diseases, Tenth Revision, MM multiple myeloma
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Table 2 Patient characteristics

Prevalent cohort of MM patients (N = 2523) Cohort of newly-treated MM patients

[Index date: 31 March 2018]

(N = 1673) [Index date: date of start of MM

treatment]
Age in years, mean (SD) 71.28 (10.91) 72.95 (9.84)
Proportion of females, N (%) 1312 (52.04) 840 (50.21)
Charlson Comorbidity Index, mean (SD) 5.86 (3.24) 5.16 (3.64)

Age and the proportion of females refer to respective index dates. CCI is calculated within 12 months prior to the index date

CCI Charlson Comorbidity Index, MM multiple myeloma, N number of observations, SD standard deviation

utilization of inpatient rehabilitations was observed across
the two groups.

Associated direct costs were substantially higher for the
MM group (Table 3), with add-on ppy incremental direct
costs of 15,381.09 € (cost ratio = 3.06; p < 0.001). Outpa-
tient prescriptions and hospitalizations were the main cost
driver, with MM-associated incremental costs amounting
to 12,261.22 € and 2,766.98 €, respectively, followed by
outpatient specialist visits (ppy MM-associated incremental
costs: A =359.57 €). The share of the costs of GP visits and
rehabilitations in the total MM-associated incremental costs
was negligible. Finally, the indirect costs of days absent from
work were lower in the MM group compared with their non-
MM controls by 263.53 € ppy.

Table 3 Incremental MM-associated HCRU/costs

3.3 All-Cause and (Primarily) MM-Related HCRU/
Costs in Successive Therapy Lines

Based on the algorithm shown in Table 1, 1673 patients
were identified to initiate an MM-related treatment. Out of
these, 961 patients moved to 2nd lot. Subsequently, 483 of
the patients on 2nd lot progressed to 3rd lot in their treat-
ment journey. Ultimately, 254 patients were identified to
have finally moved to 4th lot+. The average duration of the
treatment lines was nearly 217.6 days for 1st lot, 260.2 days
for 2nd lot, 226.5 days for 3rd lot, and 148.8 days for 4th
lot+ (see Supplementary Table 5 in the ESM for further
details as well as for the baseline characteristics and the
associated regimens for each lot).

Matched cohort of prevalent
MM patients (N = 2474)

Matched non-MM control
group (N = 2474)

Incremental utilization/costs
associated with MM (A)

Rate ratios (p-value)

Per patient-year HCRU/ days absent from work
Hospitalizations 1.32 hospitalizations

17.04 visits
[4.54 visits | 12.50 visits]

Outpatient visits
[GP | specialists]

0.04 rehabilitations
39.80 prescriptions

Rehabilitations
Outpatient prescriptions

Days absent from work 2.30 days 4.19 days
Per patient-year costs

Hospitalizations 6687.18 € 3920.20 €
Outpatient visits 1431.09 € 1084.64 €

[GP | specialists] [452.34 €1978.75 €]

Rehabilitations 136.78 € 130.33 €
Outpatient prescriptions 14,592.60 € 2,331.38 €
Total direct costs 22,847.64 € 7,466.55 €
Indirect costs of days 308.77 € 572.30 €

absent from work

0.84 hospitalizations

13.37 visits
[4.67 visits | 8.70 visits]

0.04 rehabilitations
32.58 prescriptions

[465.46 €1619.18 €]

0.48 hospitalizations

3.67 visits
[—0.13 visits | 3.80 visits]

1.56 (p < 0.001)

1.27 (p < 0.001)
[0.97 (p =0.016) | 1.44
(p <0.00D)]

1.06 (p > 0.100)
1.22 (p < 0.001)

0.00 rehabilitations
7.22 prescriptions

—1.89 days 0.55 (p < 0.001)
2766.98 € 1.71 (p < 0.001)
346.45 € 1.32 (p < 0.001)

[-13.12 €1359.57 €] [0.97 (p < 0.100) 1 1.58

(p < 0.001)]

6.45 € 1.05 (p > 0.100)
12,261.22 € 6.25 (p < 0.001)
15,381.09 € 3.06 (p < 0.001)
—263.53 € 0.54 (p = 0.006)

The table shows the per patient-year utilization across matched MM and non-MM patients for each healthcare resource category as well as for
days of sick leave between 31 March 2018 and 31 March 2019. Observations are censored at the time of death. Indirect costs of days absent from
work were calculated by multiplying the days of sick leave by the average annual gross salary in Germany of the respective age/gender category

that the patient falls in

GP General practitioner, HCRU healthcare resource utilization, MM multiple myeloma, N number of observations
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The ppy costs associated with the above-mentioned
HCRU items are presented in Table 4. Overall, the total
direct costs increased substantially as patients moved in their
treatment journey. All-cause ppy total direct costs defined
as the sum of costs of all-cause hospitalizations, outpatient
visits, inpatient rehabilitations, and outpatient prescriptions
were 67,681.55 € in 1st lot but increased to 114,934.01 € as
patients progressed to 4th or later line. Similarly, primarily
MM-related total direct costs increased from 54,355.95 € in
1st lot to 89,113.79 € in the 4th or later lines. The main cost
drivers were the outpatient prescriptions, which also showed
an increasing trend over the treatment journey, followed by
hospitalizations. The ppy costs associated with all-cause out-
patient visits (GPs and any specialists) did not differ con-
siderably between the lines, with approximately 40% of the
costs of the outpatient visits being primarily associated with
MM. As rehabilitations did not play a big role in disease

management across all treatment lines, the associated ppy
costs were also negligible.

Finally, the number of days absent from work due to any
cause or MM declined from 1st lot (all-cause: 29.1 days,
MM-related: 28.2 days ppy) through the 4th lot and later
lines (all-cause: 3.53, MM-related: 2.83 days ppy). Con-
sequently, the associated indirect costs decreased over the
course of treatment, as shown in Table 4.

4 Discussion

This study is the first of its kind, presenting results on both
overarching incremental economic burden associated with
MM patients as well as the economic burden primarily
related to MM in successive therapy lines in Germany. The
analyses were based on a large pool of patients (nearly 3.4

Table 4 All-cause and (primarily) MM-related HCRU/costs in successive therapy lines

All-cause MM-related
1st lot 2nd lot 3rd lot 4th lot+ Ist lot 2nd lot 3 lot 4th lot+
(N =1673) (N=961) (N =483) (N=1254) (N=1673) (N=961) (N =483) (N=1254)
Per patient-year HCRU [counts]/ days absent from work [days]
Hospitaliza- 4.74 2.90 2.74 4.10 4.00 2.36 224 3.41
tions
Outpatient 7.55 7.07 7.05 6.53 2.49 2.48 2.49 2.07
visits
Rehabilitations 0.04 0.04 0.03 0.02 0.006 0.012 0.007 0.009
Outpatient pre- 84.42 81.64 76.88 89.64 20.32 19.10 17.44 20.68
scriptions
Days absent 29.13 18.01 7.34 3.53 28.18 17.84 7.10 2.83
from work
Per patient-year costs [€]
Hospitaliza- 27,670.71 15,762.87 16,691.39 28,379.87 25,060.43 13,727.17 14,908.73 25,539.71
tions
Outpatient 1340.45 1293.81 1318.10 1291.04 564.96 564.45 567.48 548.87
visits
Rehabilitations 404.10 591.85 353.78 442.99 38.24 131.62 20.92 44.49
Outpatient pre- 38,266.29 60,394.88 78,304.79 84,820.11 28,692.32 43,134.22 54,432.08 62,980.72
scriptions
Total direct 67,681.55 78,043.41 96,668.06 114,934.01 54,355.95 57,557.46 69,929.21 89,113.79
costs
Indirect costs 3976.55 2653.24 1145.57 307.58 3846.79 2627.92 1108.13 243.99
of days
absent from
work

Observations are censored at the time of death, switch to next therapy line, discontinuation of the therapy line, or at the end of the study period.
All-cause outpatient visits refer to visits to GPs and any types of specialists, whereas MM-related outpatient visits refer to visits to hematolo-
gists or oncologists. MM-related hospitalizations, rehabilitations, and days absent from work refer to those directly related to the ICD-10 code
of C90.0. MM-related outpatient prescriptions are referring to the prescriptions forming the regimens of the respective treatment lines. Indirect
costs of days absent from work were calculated by multiplying the days of sick leave by the average annual gross salary in Germany of the

respective age/gender category that the patient falls in

1st lot first line of therapy, 2nd lot second line of therapy, 3rd lot third line of therapy, 4th lot fourth line of therapy, HCRU healthcare resource

utilization, MM multiple myeloma, N number of observations
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million insured persons, 4.4% of the overall German popu-
lation) with relatively long data availability (01 January
2010-31 March 2019) and no data gaps due to continuous
longitudinal insurance of all patients and reimbursement of
all prescribed healthcare services such as outpatient visits,
inpatient hospitalizations, and prescribed drugs in Germany
that is close to 100% (no substantial out-of-pocket payments).
This (i) ensured capturing patients from different treatment
backgrounds in this fast-changing treatment landscape and
(ii) facilitated observing the cohorts of interest with reason-
able sample sizes despite strict eligibility criteria.

In total, 2523 prevalent MM patients could be identified.
The patients were on average aged 71 years, and we observed
anearly equal distribution of female and male patients, which
is in line with reports based on German-wide data [27]. We
found a high MM-associated incremental economic burden,
demonstrated by the use of healthcare resources and the
related direct costs. Specifically, the incremental total direct
costs ppy amounted to 15,381.08 €. The observed incremen-
tal economic burden was mainly driven by outpatient pre-
scriptions, inpatient hospitalizations, and outpatient special-
ist visits, whereas the share of GP visits and rehabilitations
in the incremental economic burden of MM was negligible.
Although no previous literature on the incremental economic
burden of MM could be identified, our results align with the
comparative literature on the real-world treatment of MM
patients in EU versus the US such that the inpatient care as
well as outpatient care by specialists play a bigger role in
the management of MM within the EU [27] and, hence, are
expected to be associated with higher costs. It should also be
noted that our incremental cost estimates were based on all
prevalent MM patients irrespective of whether they received
treatment or not in the observational period.

In addition to analyzing the MM-associated incremental
costs, this study assessed the HCRU and costs associated
with the treatment of MM patients by analyzing a cohort of
patients newly starting their MM treatment throughout their
therapy journey. The fast-changing treatment landscape of
MM calls for a better understanding of disease progression
and management in a resource-constrained environment
[29, 30]. Despite this, no previous studies in Germany with
a focus on understanding the economic burden over treat-
ment patterns could be identified. However, recent US find-
ings [18] largely align with our key finding for Germany
that pharmacy costs (i.e., outpatient prescriptions) are the
main cost driver and increase as patients progress to further
treatment lines. In particular, the ppy costs of MM prescrip-
tions in our study ranged from 28,692.32 € in the 1st lot to
54,432.08 € in the 3rd lot and 62,980.72 € in the 4th and
later lines. Recent US findings [18] suggest US$4886 in the
Ist lot and US$13,583 per patient month. However, in sev-
eral US findings, the costs of MM prescriptions accounted
for a smaller portion of the all-cause costs, ranging from
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22.0 to 23.7% in the 1st lot and from 29.0 to 37.2% in the
3rd lot [31]. In our study, these figures were 42.4% in the 1st
lot and 56.3% in the 3rd lot. This is potentially due to dif-
ferences in healthcare systems, healthcare unit price differ-
ences, the treatment algorithms applied, and heterogeneity
in the treatment rules across Germany and the US.

Although one study focusing on a Portuguese population
[20] also demonstrated that outpatient prescriptions were
the largest cost drivers in all treatment lines followed by the
costs due to hospitalizations (including both the inpatient
stays as well as the cost of inpatient procedures such as stem
cell transplantation), the magnitude of costs are not compa-
rable due to restrictions in the follow-up periods (24 months
considered) and because reporting is on a per-patient basis.

Regarding the costs of all-cause and MM-related hos-
pitalizations over the treatment lines, our study showed a
pattern where the costs declined from the 1st lot through
the 3rd lot but increased in the 4th and later lines. Although
these findings might corroborate with the previous litera-
ture showing that delaying progression to successive therapy
lines could result in subsequent lower costs [31], further
investigation on this would be needed.

We found a low indirect economic burden to society asso-
ciated with days absent from work. Two main factors could
drive these results. First, as patients move to further treat-
ment lines, they might drop out of the labor force due to
disease progression. Second, the average ages in the cohorts
considered in this study were 71.3 and 73.0 years. It is,
therefore, expected that our target population comprises, on
average, retired individuals, where sick leave and the associ-
ated forgone earnings are rather irrelevant.

We observed a substantial difference in HCRU and cost
between our two cohorts of prevalent MM patients and
newly treated patients. The main explanation for this is
that a high percentage of the prevalent MM patients did
not receive any MM treatments and did not observe any
MM-related hospitalizations. We believe that this is related
to the fact that the majority of observed prevalent MM
patients were in remission during the observational period.

This study has several limitations common to retrospec-
tive claims data studies. As it is descriptive by nature, the
potential confounding factors were not controlled. However,
while analyzing the incremental MM-associated HCRU and
costs, propensity score matching was implemented, where
baseline sociodemographic characteristics and comorbidi-
ties were included as covariates in estimating the propensity
scores to partially avail against these limitations. Further-
more, compared with other observational study designs, our
study included all eligible patients (no selection bias) and
covered treatment in all outpatient and inpatient sectors.

Related to conducted propensity score matching in order
to derive the incremental cost of MM, it needs to be men-
tioned that the comorbidity index (CCI) used within the
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matching is impacted by the MM diagnosis itself, and thus,
the matched cohort consists of patients with a similar comor-
bidity level that is not driven by MM but other diseases
leading to high CCI. Excluding the MM component from
the CCI calculation would have led to a comparison with a
considerably less morbid control group and, therefore, to a
higher estimate of costs attributable to MM.

Treatment lines are not explicitly captured in claims
data. Therefore, an algorithm based on receipt and timing
of therapy to classify treatment episodes was implemented.
The assumptions made in treatment algorithms to define the
line of therapy could impact subsequent HCRU and cost
results as well as the duration of treatment lines. To reduce
that limitation, however, the identification of a line of treat-
ment was informed by available clinical guidelines [25], the
summary of product characteristics, as well as licensing of
the agents at the respective times as much as possible. Also,
the definition of treatment lines was discussed with clinical
experts and implemented upon their approval. In addition,
the estimated costs by the line of therapy were not adjusted
for inflation, so they could potentially be biased by price
fluctuations between 2010 and 2018.

Finally, this study used a regional claims dataset from
AOK PLUS, and, therefore, the applicability of the results
to the whole of Germany could be limited. However, several
previous retrospective studies [32, 33] using AOK PLUS
claims data confirmed that although patient characteristics
may not exactly reflect the country average, the uniform
treatment rules observed throughout the country make the
AOK PLUS database useful for understanding the economic
burden of diseases with a high level of generalizability.

5 Conclusion

The economic burden of MM, from the perspective of both
overarching and MM-specific HCRU and costs, is substan-
tial and mainly driven by outpatient prescriptions, hospitali-
zations, and outpatient specialist visits as patients moved to
successive treatment lines. Additional research investigat-
ing the indirect costs and burden of disease on the patient
should be conducted to better understand the impact of
MM. Future research should also focus on the real-world
cost effectiveness of the novel treatments in this dynamic
therapy landscape.
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