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ABSTRACT

Introduction: The measurement of minimal
residual disease (MRD) with clonoSEQ� can be
used in the assessment of B-cell lymphoid
tumor burden throughout treatment with
accuracy, sensitivity and standardization when
compared to traditional cytomorphology. With
the approval of novel treatments, standardized
MRD assessment with improved performance is

increasingly important. The aim of this analysis
is to estimate the cost-effectiveness of MRD
testing with clonoSEQ� compared to no MRD
testing for patients with multiple myeloma
(MM) on maintenance therapy in Germany.
Methods: The cost impact of clonoSEQ� was
analyzed from the German statutory insurance
perspective. Clinical data were derived from the
literature and expert opinions. Cost input was
utilized based on publicly available data and
literature. Patients in the MRD arm were tested
every 6 months. The deterministic Markov
model consists of six health states, and every
patient begins at the start of maintenance.
Included therapies are lenalidomide for main-
tenance and carfilzomib, lenalidomide and
dexamethasone for relapse.
Results: For a time horizon of 10 years, the
deterministic cost impact analysis shows total
cost of €279,483 for patients using clonoSEQ�

in comparison to €356,623 for simulated
patients without MRD testing. The main drivers
of the cost differences are saved cost of drug
holiday. The savings per patient in 1 year are
€18,396. Savings after 3 years are €69,991 per
patient. Savings after 10 years are €77,140 per
patient.
Conclusions: Based on the underlying model,
clonoSEQ� can support German health insur-
ance funds to use high-cost drugs more effi-
ciently in the treatment of myeloma.
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Key Summary Points

The focus of therapy decisions in B-cell
lymphoid malignancies is currently on
the long-term outcomes and the quality of
life of the patients.

Knowing the minimal residual disease
(MRD) status of a patient with multiple
myeloma can help to find the right
therapy and to improve overall and
progression-free survival.

Minimal residual disease testing by next-
generation sequencing techniques can
help to reduce the cost pressure on health
insurance companies by saving costs for
potentially unnecessary high-priced
drugs, especially over a long therapy
period of 10 years.

INTRODUCTION

Multiple myeloma (MM) is a malignant prolif-
eration of antibody-producing plasma cells,
mostly with its origin in the bone marrow.
Often several disease foci are formed with cor-
responding complications, such as bone frac-
tures and pain or blood count changes. The risk
of disease increases significantly with age [1].
For Germany, the Robert Koch Institute (RKI)
reported a total incidence of 6910 patients
(male 3910, female 3000) and a standardized
rate of 6.1 for males and 3.8 for females per
100,000 inhabitants [2]. The 5-year prevalence
is reported to be 20,300 patients. The numbers
of new cases and deaths have risen slightly in
the last 10 years. Cases of illness rose by 2.8%
per year in men and 0.8% per year in women.
Deaths increased by 1.9% per year in men and
0.7% per year in women. This increase might be
explained by an increasingly older population
[1].

A permanent cure for MM is likely not to be
expected [2]. However, the disease can run with
manageable symptoms for a relatively long
time, and given the availability of numerous
novel effective drugs over the last 15 years,
patients with newly diagnosed MM have aver-
age overall survival (OS) of over 10 years [2, 3].
The modern therapy schemes enable a complete
response for up to 80% of patients with MM.
Furthermore, longer times without worsening
of the disease, so-called progression-free sur-
vival (PFS), can be achieved. The therapy for
MM is divided into (high-dose) induction,
autologous transplantation, consolidation, and
maintenance at the initial diagnosis of patients
suitable for transplantation. High-dose induc-
tion therapy consists of the RVD scheme (R,
Revlimid�-lenalidomide; V, Velcade�-borte-
zomib; D, dexamethasone). Other possible tri-
plet combinations for induction therapy are
bortezomib/cyclophosphamide/dexamethasone
and bortezomib/thalidomide/dexamethasone.
The combination bortezomib/dexamethasone
can also be used for induction, but response
rates are lower than with triplet therapy.
Autologous transplantation involves the trans-
fer of the patient’s own bone marrow or blood
stem cells which were previously collected from
the patient during the remission phase. Fre-
quently, the collection of stem cells takes place
after four cycles of induction therapy, which
should not exceed six cycles. The autologous
stem cell transplantation (SCT) should be per-
formed promptly after successful stem cell col-
lection. After high-dose therapy with
autologous stem cell transplantation, consoli-
dation can be carried out with combinations
such as bortezomib/lenalidomide/dexametha-
sone or bortezomib/thalidomide/dexametha-
sone. For maintenance therapy after SCT,
usually lenalidomide is given over a certain
period, for example for 1 year after consolida-
tion. Bortezomib and thalidomide can also be
used for maintenance therapy. In the case of
relapse, a second line of therapy with different
triplet combinations like carfilzomib/lenalido-
mide/dexamethasone may be indicated [1–6].

These therapies can result in high drug costs
for the statutory health insurance companies,
especially when they are no longer effective.
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The determination of measurable or minimal
residual disease (MRD) in hematopoietic
malignancies is an assessment of the tumor
burden at the time of patient diagnosis and
during therapy. In the context of lymphoid
cancers, MRD refers to the presence of malig-
nant B or T cells that may, despite the efforts to
improve healing and survival chances, remain
in a patient’s body during and after treatment of
the malignant tumor. Regarding the develop-
ment of new therapeutic strategies and diag-
nostic tools, the focus of treatment now is on
long-term control, quality of life, and cure
rather than short-term control. MRD testing can
be a decision support tool in long-term therapy
control. Treatment decisions, especially con-
solidation and maintenance therapy, may be
taken considering the MRD positivity or nega-
tivity. Several studies indicate that in newly
diagnosed MM, the presence of MRD is associ-
ated with worse outcomes in PFS and OS,
whereas clinical outcomes are better in the
absence of MRD. Thus, achieving negative MRD
status has become increasingly important in
MM treatment in recent years [3, 7, 8].

The clonoSEQ� assay is the only CE-marked
in vitro diagnostic tool that uses next-genera-
tion sequencing (NGS) to enumerate, specify,
and quantify each B cell. When a unique DNA
sequence residing within a malignant clone is
identified, it is assessed, tracked, and monitored
to determine changes in tumor burden. There-
fore, the clonoSEQ� assay provides sensitive,
standardized, specific, and consistent perfor-
mance to determine MRD in lymphoid malig-
nancies to assess response to treatment and
predict clinical outcomes [9].

The clonoSEQ� assay is powered by NGS
technology and differentiated from other NGS
assays by advances in biochemistry and propri-
etary bioinformatics. It is the first MRD assay to
leverage a proprietary synthetic immune reper-
toire to address the inherent bias that occurs
when DNA sequences are amplified using a non-
standardized multiplex polymerase chain reac-
tion (PCR). These synthetic molecules enable
highly accurate and reproducible quantitation
of residual disease [10, 11].

After one or more dominant
sequence(s) have been identified in a baseline

sample, subsequent samples from the same
patient have the complete B-cell repertoire
profiled, but in addition, MRD is determined,
and a ‘‘tracking’’ report is issued. MRD is
expressed as a frequency that quantifies the
level of residual disease based on the number of
remaining copies of the initially dominant
sequence(s) relative to the total number of
nucleated cells in the sample.

A valid tracking report can result in two
possible outcomes:

• When clones associated with a prior clon-
ality test are identified, the result is a quantita-
tive report of residual sequences. When residual
sequences are detected, frequency is indicated
per million total cells, and a 95% confidence
interval is provided.

• When no clones associated with a prior
clonality test are identified in a tracking sample,
the result is that no residual sequences were
detected [9].

Unlike in the USA [12], in Germany there are
no health-economic analyses available to date
for the use of MRD testing. Thus, the primary
aim of this analysis is to estimate the cost saving
potential of MRD testing with the clonoSEQ�

assay compared to no MRD testing for patients
with MM on maintenance drug therapy in
Germany.

METHODS

IFM Study

As this is a health-economic analysis and no
interventional study was conducted, compli-
ance with ethics guidelines is not applicable. As
a result of a targeted literature research, the
evidence for the developed health-economic
model is based mainly on the Intergroupe
Francophone du Myélome (IFM) 2009 Study
(NCT01191060), which was a randomized,
open-label, phase 3 trial, conducted at 69 cen-
ters in France, Belgium, and Switzerland with
recruitment of patients with symptomatic,
measurable, newly diagnosed MM from
November 2010 to November 2012 [5].

Patients in the two treatment groups first
received induction therapy with three 21-day
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cycles of RVD, consisting of lenalidomide
(25 mg, administered orally on days 1 through
14), bortezomib (1.3 mg per square meter of
body surface area, administered intravenously
on days 1, 4, 8, and 11), and dexamethasone
(20 mg, administered orally on days 1, 2, 4, 5, 8,
9, 11, and 12). Following induction, stem cell
mobilization with cyclophosphamide and
granulocyte colony-stimulating factor was per-
formed in all patients. For consolidation, one
group (RVD-alone group) received five cycles of
RVD with a reduced daily dose of dexametha-
sone of 10 mg. The other group (transplantation
group) received melphalan at a dose of 200 mg/
m2 plus autologous stem cell transplantation
followed by two cycles of RVD with a reduced
daily dose of dexamethasone of 10 mg. Main-
tenance therapy was performed with lenalido-
mide (10 mg per day for the first 3 months, with
a possible dose increase to 15 mg thereafter,
depending on side effects) for both groups
within the first 3 weeks after the completion of
consolidation therapy. Maintenance therapy
was continued for 1 year or until disease pro-
gression or unacceptable adverse events occur-
red. It would also be stopped when patients
withdrew their consent. For patients in the
RVD-alone group, salvage transplantation was
recommended at the time of disease
progression.

The primary endpoint of the study was PFS.
Secondary endpoints were response rate, time
to disease progression, OS, and adverse event
rates. A total of 350 patients were assigned to
each treatment group. In the RVD-alone group,
331 patients (95%) entered the consolidation
phase and 321 (92%) the maintenance phase.
For 323 patients (92%) in the transplantation
group, transplantation was performed, 315
(90%) began to receive RVD therapy after
transplantation, and 311 (89%) entered the
maintenance phase.

Median PFS was 36 months in the RVD-alone
group versus 50 months in the transplantation
group. In patients with no detection of MRD,
PFS was longer than in those patients in whom
MRD was detected. There was no significant
difference between the two groups in OS rates at
4 years, with 82% in the RVD-alone group and
81% in the transplantation group. Patients in

whom MRD was not detected had longer OS
than those patients with detection of MRD [5].

Economic Analysis

The German statutory health insurance (SHI)
has an interest in the implementation of good
health care for the approximately 88% of resi-
dents insured under the SHI system. Neverthe-
less, as resources are limited, the SHI also wants
to keep costs of drug therapies as low as possi-
ble. In 2019, €41 billion was spent on drugs,
accounting for 17.1% of the total German SHI
expenditure. Since 2014, drug expenses have
increased €7.6 billion (22.8%) [13]. Using NGS
testing could contribute to achieving the goal of
cost saving. The interventions assessed in this
analysis are MRD testing with the clonoSEQ�

assay and no MRD testing during maintenance
therapy in patients with MM. MRD testing can
provide guidance in therapy decision-making. A
second-line therapy can be started earlier in the
case of MRD-confirmed relapse, and ineffective
therapies can be stopped when the MRD test
result is positive. MRD tests can help save
unnecessary therapy prolongation while avoid-
ing unnecessary drug costs when these results
are negative. Thus, the cost impact of clono-
SEQ� was analyzed from the German SHI
perspective.

Clinical data were derived from a targeted
literature search as described above in the
‘‘Methods’’ section (IFM study), and where
missing information was identified, experts
were consulted.

Model Structure

To calculate the economic impact of MRD
testing with clonoSEQ� from a German payer’s
perspective, a Markov cohort model was devel-
oped. A Markov model represents stochastic or
random processes that occur over a certain time
period and is particularly suited to model dis-
ease and consider both the costs associated with
treatment and interventions and the outcomes
[14]. As this is a health-economic analysis and
no interventional study was conducted,
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compliance with ethical guidelines was not
required.

The patient pathway for the model is shown
in Fig. 1. The deterministic Markov model con-
sists of the six health states: MRD-positive on
treatment, MRD-positive off treatment, MRD-
negative on treatment, MRD-negative off treat-
ment, relapse, and death. As outcomes are best
for the treatment option induction plus stem
cell transplantation [5], every patient is
assumed to begin after the induction therapy
and is at the start of their maintenance therapy.
Markov transitions occur monthly, and their
probabilities are dependent on the status of the
patient in each decision node. The treatment
decisions in the decision tree are based on the
IFM study by Attal et al. [5]. The average patient
is assumed to be 73 years old, and 45% of the
patients are assumed to be female [1]. Seventy-
five percent of patients are assumed to be diag-
nosed with a positive MRD test at baseline [15].
In a one-way deterministic sensitivity analysis,
the cost impact for varied proportions of MRD-
positive patients at baseline was analyzed.
Patients are assumed to be tested every
6 months, following European Medicines
Agency (EMA) recommendations for repeated
MRD testing [16]. In a probabilistic sensitivity
analysis, the impact of different time intervals
for the MRD assessment on the costs was ana-
lyzed. The possible patient pathway always
begins with an MRD test, which is either posi-
tive or negative. Patients would be either with
or without treatment at the time of testing. It is
possible for patients to move from any MRD test

result on treatment to any MRD result off
treatment and vice versa. Patients can move
from any MRD state to relapse or death. A
return to the previous health state is not possi-
ble. OS is assumed to be the same before a
possible relapse for both MRD-positive and
MRD-negative patients, based on the IFM study.
Patients with a negative MRD result had longer
PFS [5].

Therapies included in the model are
lenalidomide for maintenance therapy, and
carfilzomib, lenalidomide, and dexamethasone
for the treatment of a relapse (second-line
therapy).

Health outcomes calculated in the model are
OS and PFS, shown in the form of curves. Input
values for both outcome curves with the related
negative exponential coefficient and the expo-
nential intercept, expressed in months, were
chosen for MRD positivity, negativity, and
relapsed state, and are shown in Tables 1 and 2.

Cost Input Data

Cost input data were utilized based on publicly
available data and literature resources. Table 3
shows an overview of the cost input data. Costs
for the outpatient services visit at an outpatient
physician’s practice (€49.17) and specimen col-
lection by puncture (€15.24) were taken from
the Uniform Assessment Scale (Einheitlicher
Bewertungsmaßstab, EBM) of the National
Association of Statutory Health Insurance
Physicians (Kassenärztliche Bundesvereinigung,
KBV) [19] as amended with effect from 1 July

Fig. 1 Markov model for MRD testing vs. no MRD
testing. It is possible for patients to move from any MRD
test result on treatment to any MRD result off treatment
and vice versa; patients can move from any MRD state to

relapse or death; a return to the previous health status is
not possible. MRD minimal residual disease, MTX
maintenance therapy
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2021. The cost of the medicinal products con-
cerned (lenalidomide, dexamethasone, and
carfilzomib) were taken from the Lauer-Taxe,
version 4.0 [20], with data status as of 15 August
2021, and are shown as direct costs and as
monthly treatment costs with the correspond-
ing therapy regimes.

The economic analysis included total costs
for MRD testing and no MRD testing (deter-
ministic model—Fig. 2). The total and total
incremental costs are shown for the comparison
of MRD testing with no MRD testing (proba-
bilistic model—Fig. 3). The consideration of the

total costs refers mainly to a period of 10 years,
as effects on health outcomes in this disease
area can only be observed over a long period of
time. Thus, PFS in MRD-negative patients can
extend up to 56 months, and OS up to
112 months [8]. For comparison purposes,
individual analyses were also carried out for 1
and 3 years. A discount rate of 3% for costs and
health outcomes was chosen based on the
methodology for the evaluation of benefit–cost
ratios in the German statutory health insurance
system [23, 24].

Table 1 Survival curve input values for the health-economic model (OS)

Health outcome Deterministic value Probabilistic value Range Standard error References

Curve for OS, negative exponential coefficient (months)

MRD? 0.01 0.01 0.00; 0.01 0.00 [17]

MRD- 0.01 0.01 0.00; 0.01 0.00 [17]

Relapsed 0.02 0.01 0.01; 0.02 0.00 [18]

Curve for OS, exponential intercept (months)

MRD? 4.66 4.60 3,73; 5.59 0.48 [17]

MRD- 4.63 4.63 3.71; 5.56 0.47 [17]

Relapsed 4.59 4.60 3.67; 5.50 0.47 [18]

All numerical data were rounded to the last two decimal places
MRD minimal residual disease, OS overall survival

Table 2 Health outcome input values for the health-economic model (PFS)

Health outcome Deterministic value Probabilistic value Range Standard error References

Curve for PFS, negative exponential coefficient (months)

MRD? 0.03 0.02 0.02; 0.04 0.00 [17]

MRD- 0.01 0.02 0.01; 0.02 0.00 [17]

Curve for PFS, exponential intercept (months)

MRD? 4.99 4.69 3.99; 5.99 0.51 [17]

MRD- 4.64 4.74 3.71; 5.57 0.47 [17]

All numerical data were rounded to the last two decimal places
MRD minimal residual disease, PFS progression-free survival
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RESULTS

Results from Deterministic Analysis

For a time horizon of 10 years, the deterministic
cost impact analysis shows total costs of
€279,483 for patients with MRD testing using
clonoSEQ� in comparison to €356,623 for sim-
ulated patients without an MRD test (Fig. 2).
The main drivers of the cost differences are the

saved cost of drug therapy holiday. The cost
savings per patient in 1 year are €18,396. Cost
savings after 3 years are calculated to be €69,991
per patient. Cost savings after 10 years are
€77,140 per patient.

Results from Probabilistic Analysis

Over a period of 10 years, mean total costs for
MRD testing amount to €392,592, with a range

Table 3 Cost input values for the health-economic model

Cost item Description Costs References

MRD test clonoSEQ� €2,100 Adaptive

Biotechnologies

Physician visit Fee schedule item 27212: lump sum

from 60th life year

Fee schedule item 10345: additional

lump sum oncology

€49.17 per

quarter

[19]

Specimen collection Fee schedule item 02341: puncture II €15.24 [19]

Lenalidomide Cost per 25 mg capsule €323.26 [20]

MTX, Lenalidomide Monthly treatment costs

Regimen: 28 days/cycle, 25 mg,

admin days 1–21

€6,788.46 [20]

[21]

Dexamethasone Cost per 4 mg tablet €0.58 [20]

Dexamethasone Monthly treatment costs

Regimen: 28 days/cycle, 40 mg,

admin days 1, 8, 15, 22

€23.20 [20]

[21]

Carfilzomib Cost per vial, 10 mg

Cost per vial, 60 mg

€172.87

€1,033.71

[20]

Carfilzomib Monthly treatment costs

Regimen: 28 days/cycle, 20 mg/m2,

admin days 1, 2;

27 mg/m2, admin days 8, 9, 15, 16

€6,896 [20]

[22]

Relapse treatment (carfilzomib, lenalidomide,

dexamethasone regimen)

Monthly treatment costs €13,707.66 [20]

All cost data were rounded to the full amount or to the last two decimal places (whichever was feasible)
MRD minimal residual disease, MTX maintenance therapy
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from €237,115 as lowest to €482,138 as highest
possible costs. For no MRD testing, mean total
costs are €452,626, with a range from €293,009
as lowest to €482,138 as highest costs. Mean
incremental costs for MRD testing using clono-
SEQ� versus no MRD testing over 10 years are
-€60,033, with a range from -€92,080 to
-€35,731 (Fig. 3 and Table 1a, see Supplemen-
tary Material). The mean incremental costs per
patient in 1 year are -€17,553, with a range from
-€24,052 to -€11,862. For a period of 3 years,

mean incremental costs are -€54,654, with a
range from -€84,756 to -€32,883. For the time
horizons of 1 and 3 years, the mean totals costs
for no MRD testing lie outside the confidence
range (Table 1a, see Supplementary Material).

Results from One-Way Deterministic
Sensitivity Analysis

Analyzing the cost impact of MRD testing in
MM patients with the assumption of a lower

Fig. 2 Deterministic analysis: Bar graphs. a Total costs for MRD testing vs. no MRD testing per patient over 10 years;
b total incremental costs for MRD testing vs. no MRD testing per patient over 10 years. MRD minimal residual disease

Fig. 3 Probabilistic analysis: Bar graphs. a Total costs for
MRD testing per patient over 10 years; b total costs for no
MRD testing per patient over 10 years; c total incremental

costs for MRD testing vs. no MRD testing per patient over
10 years. MRD minimal residual disease
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proportion of positive MRD test results at base-
line shows higher cost savings compared to no
MRD testing. Given an MRD positivity rate of
70% at baseline, cost savings over 10 years are
€86,684 per patient, rising to €96,228 per
patient at an MRD positivity rate of 65%. When
assuming a higher rate of MRD-positive patients
at baseline, the cost savings over 10 years
decrease to €67,596 (80% MRD positivity) and
€58,052 (85% MRD positivity) per patient. An
increase of 5% in the baseline MRD positivity
rate leads to an increase of about €10,880 in
total costs for MRD testing per patient and to an
increase of about €1,330 in total costs for no
MRD testing. The decrease in total incremental
costs is about €9,500 per 5% increase in MRD
positivity rate (Table 4 and Fig. 1a, see Supple-
mentary Material). For a period of 3 years, the
cost impact depending on the MRD positivity
baseline rate is not as great as after 10 years but
is still relevant. An increase of 5% in the base-
line MRD positivity rate leads to an increase of
about €8,900 in total costs for MRD testing per
patient and to an increase of about €100 in total
costs for no MRD testing. The decrease in total
incremental costs is about €8,800 per 5%
increase in the MRD positivity rate (Table 1b,
see Supplementary Material).

Results from Probabilistic Sensitivity
Analysis

When changing the time interval for the MRD
assessment, which is set at every 6 months in
the base-case analysis, to a shorter frequency of
3 months, cost savings compared to no MRD
testing decrease by about €10,000 to €51,000 per
patient over 10 years. When assuming a longer
MRD assessment interval of 9 months, the cost
savings over 10 years remain at a similar level of
€61,394 per patient and at €60,363 per patient
with an assumed assessment interval of
12 months. A prolongation of the interval of
MRD assessment from 3 to 6 months leads to a
decrease of about €8,500 in total costs for MRD
testing per patient. Total costs for no MRD
testing remain on a stable level of about
€452,000 to €453,000 at all assessment intervals
(Table 1c, see Supplementary Material). For a
period of 3 years, the cost impact depending on
the MRD assessment interval shows the same
pattern. The prolongation of the assessment
interval from 3 to 6 months leads to a decrease
of about €9,100 in total costs for MRD testing
per patient. The total costs for no MRD testing
remain on a level of €256,000 to €257,000 for all
assessment intervals but lie outside the confi-
dence range (Table 1d, see Supplementary
Material).

DISCUSSION

In Germany, there are no significant out-of-
pocket costs that would prevent a patient’s
access to adequate therapy. Nonetheless, the
average cost per patient of new drugs intro-
duced in 2019 has risen by 65% in comparison
to the average cost of all new drugs in the last 10
years, as the AMNOG report 2020 shows [25].
Drugs account for approximately 60% of direct
follow-up costs in patients with hematologic
neoplasms [26]. Costs in MM therapy in par-
ticular result from high drug expenditure for
ineffective or unnecessary treatment prolonga-
tion. Based on decisions by the Federal Joint
Committee (Gemeinsamer Bundesausschuss,
G-BA), the authors calculated an amount of up
to €208,000 per year for drug costs, depending

Table 4 Total costs for MRD testing vs. no MRD testing
per patient over 10 years: one-way deterministic sensitivity
analysis, MRD status at baseline

MRD
status
positive
at
baseline
(%)

Total costs
for MRD
testing over
10 years

Total costs
for no MRD
testing over
10 years

Total
incremental
costs for MRD
testing vs. no
MRD testing
over 10 years

65 €257,730 €353,959 -€96,228

70 €268,607 €355,291 -€86,684

75 €279,483 €356,623 -€77,140

80 €290,360 €357,955 -€67,596

85 €301,236 €359,288 -€58,052

MRD minimal residual disease
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on the choice of medication and therapy
scheme [27]. This is consistent with a recently
published budget impact analysis. Basic et al.
predicted a total volume of €5950 million
within 3 years only for drug acquisition in
therapy schemes for treatment of MM relapse
[28]. The clonoSEQ� assay determines MRD
using multiplex PCR and next-generation
sequencing (NGS), which are the most specific
and standardized sequencing techniques. MRD
testing can help detect a relapse sooner and start
second-line therapy earlier as well as discon-
tinue ineffective treatment. Thus, costs for
drugs that are not needed can be saved and used
for other necessary therapies. This economic
analysis shows that the mean incremental costs
per patient for MRD testing using the clono-
SEQ� assay versus no MRD testing in patients
with MM are -€18,000 per year. Per-patient
costs of €70,000 could be saved in a 3-year time
frame, increasing to €80,000 after 10 years. The
deterministic one-way sensitivity analysis
shows that a strong influencing factor on the
cost impact of MRD testing is the baseline pro-
portion of MRD-positive patients: the lower this
number, the higher the cost savings after
3 years, which is even more significant after
10 years, as more patients can benefit from the
treatment guidance by the MRD test and drug
costs can be saved. This also shows the long-
term effects in this disease area, which could
explain why shorter intervals for the regular
MRD assessments are not as cost-effective as
longer intervals. The probabilistic sensitivity
analysis shows a benefit for a longer time
interval (C 6 months) in controlling residual
disease, which is significant over a period of
10 years.

The wide range in the mean incremental
costs can be explained by the use of different
drug therapy schemes (e. g. different lengths of
treatment cycles) and thus different levels of
drug costs. Also, direct drug costs can vary
depending on the manufacturer and package
size. Besides the cost savings, MRD testing also
has an influence on patient outcomes, where
the available evidence leaves room for further
research. Kunacheewa et al. found that genetic
abnormalities are a more powerful prognostic
indicator for MM patients, regardless of MRD

test results. For newly diagnosed patients who
received a triple-drug initial therapy and autol-
ogous stem cell transplantation, MRD-negative
status did not improve the poor prognostic
outcomes in high-risk MM patients [29]. Other
publications show that MRD negativity predicts
better OS and PFS for patients with MM. Munshi
et al. showed in their meta-analysis that MRD
negativity is associated with better PFS (HR,
0.41; 95% CI, 0.36–0.48; P\ 0.001) and OS (HR,
0.57; 95% CI, 0.46–0.71; P\0.001). Median PFS
was 54 months for MRD-negative patients and
26 months for MRD-positive patients. Median
OS was 98 and 82 months, respectively [8]. This
could be an explanation for the greater increase
in costs for MRD testing than in costs for no
MRD testing when increasing the proportion of
MRD-positive patients at baseline in our sensi-
tivity analysis by steps of 5%, assuming that
MRD-positive patients have a less favorable
disease prognosis, need more frequent testing,
and have higher medication consumption
because therapy is more difficult to manage
than in MRD-negative patients. Furthermore,
MRD negativity was an indicator for the most
appropriate maintenance therapy with thalido-
mide compared with no therapy. Patients
changed from a positive test result to negative
and remained at this status in later tests [8].
MRD testing can therefore be not only a cost
saver but also an essential clinical decision
component of effective MM treatment
management.

Our results could be limited by several fac-
tors. The analysis was conducted from the view
of the statutory health insurance; reimburse-
ment by private insurance was not considered
in the model. A starting point in the therapy
line had to be defined for the Markov model,
and thus only patients with non-refractory dis-
ease after induction therapy were analyzed.
Demographic factors could have an influence
on the treatment outcome and on the related
costs, as elderly patients would need additional
care with increasing age. However, this should
only have an impact on the total costs and not
on the incremental costs, as those patients
would need additional care regardless of the
MRD assessment. The same applies to other and
concomitant diseases that could cause
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additional costs and influence the outcome in
MM treatment. Also, other influencing factors
in MM therapy were not considered in the
model, such as the stem cell collection, which
can be performed in either the outpatient or
inpatient setting. Stem cell transplantation can
be related to different lengths of stay in the
hospital, which has an influence on the reim-
bursement. Also, the choice of the type of
transplantation can play a role. Performing an
allogeneic instead of an autologous stem cell
transplantation for relapse treatment could
result in a lower recurrence rate but has the risk
of increased transplant-associated morbidity
and mortality [1]. The setting we are consider-
ing in the model is the outpatient treatment of
patients with MM at the general practitioners
and oncologists. The clinical setting with dif-
ferent lengths of stay and the influence of MRD
testing by clonoSEQ� assay on different thera-
peutic decisions are not integrated into the
model. Despite the limiting factors, our analysis
gives a good indication for more effective ther-
apy for patients with MM and cost savings for
the statutory health insurance in Germany.

CONCLUSIONS

Based on the underlying health-economic
model, the clonoSEQ� MRD diagnostic can
support health insurance funds in Germany
toward the more efficient use of high-cost drugs
in the treatment of MM. Therapy decisions can
be better and more precisely controlled if the
MRD status of patients is known before the next
therapy phase. Avoiding unnecessary use of
high-priced drugs in this sensitive disease area
can result in significant cost savings per patient,
especially over a long period of 10 years.
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