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Abstract
Background Renal insufficiency is one of the most common complications in the treatment of multiple myeloma 
(MM). The administration of isatuximab showed improved patient outcome regarding the occurrence of renal 
insufficiency. Building on the results of the ICARIA-MM study, the aim of this study was to quantify the potential cost 
savings due to a prevented progress of renal insufficiency.

Methods Real-life accounting data of the University Hospital Cologne (Germany) of inpatients with MM between 
2016 and 2020 were analyzed regarding the presence of renal insufficiency. The health-economic impact of a less 
severe renal insufficiency due to improved renal filtration on German Diagnosis-Related Groups (G-DRG) tariffs was 
modelled.

Results The analysis revealed a total of 74 hospital cases with MM. The vast majority (n = 64; 86.5%) were allocated to 
the G-DRG code R61, summarizing patients with “lymphoma and non-acute leukemia”. Based on a reduction of stage 
3 renal failure to stage 2, the model showed cost saving potential in patients with acute renal failure ranging from € 
3,101 to € 4,642 per case.

Conclusion The analysis quantifies for the first time the economic saving potential of improved renal function in 
patients with relapsed/refractory multiple myeloma in the German healthcare system through the administration of 
isatuximab.
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Introduction
Around 6,350 people are diagnosed with multiple 
myeloma (MM) in Germany per year. This makes MM 
the third most common hematological disease after leu-
kemia and non-Hodgkin lymphoma [1]. The causes for 
the development of MM are mostly unexplored. Expo-
sure to pesticides and rubber-processing products at 
work, obesity, and presence of other diseases are exam-
ples of currently discussed risk factors [2]. In the German 
healthcare system, which is segregated into inpatient and 
outpatient care, the latter incorporates most commonly 
MM treatment. Exceptions are autologous stem cell 
transplantation in first-line therapies or the treatment of 
complications and adverse events of MM. Renal insuffi-
ciency (RI) and acute renal failure are common complica-
tions of multiple myeloma [3]. Several studies identified 
impaired renal function as an unfavorable prognostic fac-
tor regarding treatment success and mortality [4, 5]. For 
the treatment of MM, numerous and constantly expand-
ing combinations of drugs are available for respective 
lines of therapy [6]. 

The anti-CD38 monoclonal antibody isatuximab is 
indicated in combination with carfilzomib and dexa-
methasone, for the treatment of adult patients with 
multiple myeloma who have received at least one prior 
therapy. Isatuximab is further indicated in combina-
tion with pomalidomide and dexamethasone, for the 
treatment of adult patients with relapsed and refrac-
tory multiple myeloma who have received at least two 
prior therapies including lenalidomide and a proteasome 
inhibitor and have demonstrated disease progression on 
the last therapy [7]. 

The ICARIA-MM (NCT02990338) study showed a 
hazard ratio of 0.599 for progression free survival (PFS) 
for patients receiving isatuximab/pomalidomide/dexa-
methasone compared to patients treated with pomalid-
omide/dexamethasone alone (Isa-Pd vs. Pd) [8]. The 
improvement in PFS represented a 40.1% reduction 
in the risk of disease progression or death in patients 
treated with Isa-Pd [8]. In a subgroup analysis of the 
ICARIA-MM trial the median PFS for patients with RI 
was 9.5 months with Isa-Pd (n = 55) and 3.7 months with 
Pd (n = 49) accordingly [9]. In contrast to chronic kidney 
disease, the subgroup with acute kidney failure showed 
no short-term improvement in renal filtration perfor-
mance in the analysis of the ICARIA-MM [9].

Given the medical benefit of third-line isatuximab 
treatment in patients with relapsed refractory MM 
((r/r) MM) and RI similar to the subgroup analysis of 
the ICARIA-MM trial, this study aimed to descriptively 
analyse the reimbursement of patients from a hospital 
management perspective. In addition, the impact of less 
severe renal insufficiency on the reimbursement was 

modeled since isatuximab may improve the renal filtra-
tion in patients with (r/r) MM.

Materials and methods
To quantify hospital treatment costs of patients similar to 
the ICARIA-MM trial, reimbursement data of the cancer 
center in the Department I of Internal Medicine of the 
University Hospital Cologne (UHC) between Jan-01-2016 
and Apr-30-2020 were retrospectively analyzed. Patients 
were identified by operation and procedure codes (OPS) 
and International Statistical Classification of Diseases 
and Related Health Problems codes, Version 10, German 
Modification (ICD-10-GM). Eligibility criteria were MM 
not having achieved complete remission (C90.00) as main 
diagnosis together with secondary diagnosis RI (N17 or 
N18). The clinical documentation system of the UHC 
(Orbis, AGFA) was searched for eligible patients. Patients 
with insufficient billing information, undergoing apher-
esis (OPS code: 5-410), autologous stem cell transplanta-
tion (OPS codes: 5-411 or 8-805), or other reference to 
first or second-line therapy were excluded. From a tech-
nical point of view, billing information do not provide 
any information on the delineation of the therapy line if 
administrable in several therapy lines. Immunomodulat-
ing agents that, according to their approval, can be also 
administered in first- and second-line therapy were also 
excluded. Thus, patients treated with combinations of 
proteasome inhibitor carfilzomib (OPS code: 6-008.9*), 
bortezomib (OPS code: 6-001.9*), monoclonal antibodies 
daratumumab (OPS code: 6–009.a*), elotuzumab (OPS 
code: 6–009.d) or immunomodulatory lenalidomid (OPS 
code: 6 − 003.g*) were not considered. Remaining patients 
were descriptively analyzed per year using median val-
ues and ranges of the following measures: Number of 
patients and cases, age, gender, admission diagnosis, Ger-
man Diagnosis Related Groups (G-DRG) tariffs, length of 
stay, treatment on intensive care unit (ICU), ventilation 
hours, and case mix.

Subgroups were built distinguished by secondary 
diagnosis according to the level of RI: acute renal fail-
ure ((ICD-10-GM code: N17) or chronic kidney disease 
((ICD-10-GM code: N18).

A subgroup analysis for the most common combina-
tions of G-DRG tariffs and RI secondary diagnosis group 
was performed. By successively modelling a reduced RI 
stadium, the economic effect of improved renal filtration 
performance was quantified. Differences in reimburse-
ment due to changed G-DRG tariffs were calculated with-
out changing other case-relevant parameters. Regardless 
of the inclusion period, the G-DRG tariff catalog and the 
grouping logic from 2022 were applied. All monetary val-
ues were given in Euro (EUR) and discounting was not 
performed. A base-rate of 3,833.07 EUR was assumed 
[10].
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Results
In total, 720 cases (398 patients) with MM not having 
achieved complete remission (C90.00) were identified 
at initial review of the medical-chart data. Fifteen cases 
were excluded due to insufficient accounting data and 
538 cases were excluded because no secondary diagno-
sis was coded for RI. Further patients were excluded due 
to previous treatments such as apheresis (n = 9), stem cell 
transplantation (n = 38) or administration of at least one 
of the following immunomodalating agents: Carfilzomib 
(n = 13), daratumumab (n = 28), lenalidomid (n = 19), elo-
tuzumab (n = 0), or bortezomib (n = 0). As some patients 
received multiple of the aforementioned agents, a total 
of 46 patients were excluded due to treatment with 

an immunomodulating agent. Therefore, the analy-
sis included data of 74 cases representing 63 individual 
patients (Fig.  1). All patients were admitted with diag-
nosis MM not having achieved complete remission 
(C90.00).

As summarized in Table 1, some of the 63 patients were 
treated several times. With a median age of 64.5 years 
(range: 40–84 years) over the entire period, the median 
age varied between 58 years in 2020 and 66.5 years in 
2018. Across all years, most patients were male. Except 
for 2018, the proportion of men was between 60.0% and 
66.7%.

Table  2 shows median values of reimbursement-rele-
vant key figures. The median length of stay was 13 days 

Fig. 1 Flow chart and exclusion criteria
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(range: 1–92 days) with a decreasing trend over the 
observational period. Overall, 46.0% of all cases (n = 34) 
have been transferred to the ICU and 13.5% (n = 10) were 
mechanically ventilated on ICU. The median case-mix 
index was 1.99 (range: 0.33–29.87 points) with a decreas-
ing trend over the years. Six different G-DRG tariffs 
were identified. Identified in 20 cases (27.0%), the most 
frequent G-DRG tariff was R61H ‘Lymphoma and non-
acute leukemia without certain complicating factors’ fol-
lowed by G-DRG tariff R61D `Lymphoma and non-acute 

leukemia’ with 18 cases (24.3%). Seven different levels 
of resource consumption of the G-DRG tariff R61 “lym-
phoma and non-acute leukemia” were identified.

As displayed in Table  3, the secondary diagnosis with 
reference to RI were distributed as follows: 40 cases 
were coded with a secondary diagnosis of the group 
‘acute renal failure’ (ICD-10-GM code: N17) while the 
remaining 34 cases were associated with a ‘chronic kid-
ney disease’ (ICD-10-GM code: N18). Stage 3 was most 
common in both groups of kidney disease. In another 

Table 1 Patient characteristics
2016 2017 2018 2019 2020† Total

No. of patients 16 14 14 17 3 63
No. of cases 18 15 20 18 3 74
Age (range) 58.5

(48–79)
63
(43–78)

66.5
(54–84)

66
(40–75)

58
(43–80)

64.5
(40–84)

Sex
Female (%) 7 (38.9%) 6 (40.0%) 1 (5.0%) 7 (38.9%) 1 (33.3%) 22 (29.7%)
Male (%) 11 (61.1%) 9 (60.0%) 19 (95.0%) 11 (61.1%) 2 (66.7%) 52 (70.3%)
† 01. January – 30. April

Table 2 Reimbursement relevant key figures (median values)
2016 2017 2018 2019 2020† Total

Length of stay (range)
across all G-DRGs 16 (2–56) 15 (3–92) 12.5 (1–34) 11.5 (2–76) 12 (5–18) 13 (1–92)
ICU treatment (%)
across all G-DRGs 7 (38.9%) 8 (53.3%) 7 (35.0%) 11 (61.1%) 1 (33.3%) 34 (46.0%)
Invasive ventilation (%)
across all G-DRGs 1 (5.6%) 3 (20.0%) 2 (10.0%) 4 (22.2%) 0 (0.0%) 10 (13.5%)
Case-mix index (range)
across all G-DRGs 2.95 (0.76–6.73) 2.02 (0.78–29.87) 1.92 (0.33–12.57) 1.44 (0.33–25.16) 0.9 (0.68–3.60) 1.99 

(0.33–
29.87)

Secondary diagnosis with reference to 
renal insufficiency
Acute renal failure (N17.-) 8 8 10 12 2 40
Chronic kidney disease (N18.-) 10 6 10 7 1 34
Cases per G-DRG (%)
across all G-DRGs 18 (100.0%) 15 (100.0%) 20 (100.0%) 18 (100.0%) 3 (100.0%) 74 

(100.0%)
A09B - 1 (6.7%) - 1 (5.6%) - 2 (2.7%)
A36A - - - 2 (11.1%) - 2 (2.7%)
R01A - 1 (6.7%) - - - 1 (1.4%)
R36Z - 2 (13.3%) 1 (5.0%) - - 3 (4.1%)
R61A 6 (33.3%) 1 (6.7%) 2 (10.0%) 1 (5.6%) 1 (33.3%) 11 (14.9%)
R61B 3 (16.7%) - 1 (5.0%) 1 (5.6%) - 5 (6.8%)
R61D 3 (16.7%) 3 (20.0%) 8 (40.0%) 4 (22.2%) - 18 (24.3%)
R61E 1 (5.6%) 2 (13.3%) - - - 3 (4.1%)
R61F - - - 1 (5.6%) - 1 (1.4%)
R61G - - 3 (15.0%) 2 (11.1% 1 (33.3%) 6 (8.1%)
R61H 5 (27.8%) 5 (33.3%) 4 (20.0%) 5 (27.8%) 1 (33.3%) 20 (27.0%)
R65B - - 1 (5.0%) 1 (5.6%) - 2 (2.7%)
G-DRG: German Diagnosis Related Groups

ICU: intensive care unit

† 01. January – 30. April
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two cases, the degree of severity was not specified ((ICD-
10-GM code: N18.9).

The subgroup analysis of R61 cases showed an effect 
on the G-DRG tariff in terms of resource consumption in 
five out of 38 cases. Based on the lower disease severity 
of acute RI in the model, a shift from G-DRG tariff R61D 
to a lower-rated one was detected in all cases. The coding 
of unspecified acute renal failure stage 2 without histo-
logical findings instead of the originally coded stage 3 led 
to a change in the G-DRG tariff in five cases (Fig. 2). The 
model identified a total saving potential of 20,128 EUR 
(range: 3,101 EUR – 4,642 EUR) in the examined cohort.

Discussion
In the last decades, the treatment of MM developed 
dynamically regarding both, new therapy options and 
therapy-associated costs [11–13]. Leading German 

oncological associations recommend the introduction of 
the CD38 antibody isatuximab as a part of a triple ther-
apy in their joint guideline [14] This is largely due to the 
medical benefits such as delayed progression, improved 
disease control, achieving longer remission and having 
manageable side effects.

The improved renal function due to the administra-
tion of isatuximab has already been demonstrated in a 
subgroup analysis of the ICARIA-MM trial [9] Patients 
receiving isatuximab in combination with Pd (Isa-Pd) had 
an improved PFS compared to the administration of Pd 
alone and showed complete renal response rates of 71.9% 
and 38.1%, respectively. Renal response rates lasting lon-
ger than 60 days were also in favor of Isa-Pd (38,1%) com-
pared to Pd (19.0%).

The clinical picture of chronic and acute renal insuffi-
ciency, however, is to be distinguished. According to the 

Table 3 Subgroup analysis based on secondary diagnosis with reference to renal insufficiency
OPS code 2016 2017 2018 2019 2020† Total
Acute renal failure (N17.-) 8 8 10 12 2 40
N17.03 0 0 1 0 0 1
N17.22 0 0 1 0 0 1
N17.83 0 0 1 0 0 1
N17.91 2 3 3 4 1 13
N17.92 1 0 2 3 0 6
N17.93 5 5 2 5 1 18
Chronic kidney disease (N18.-) 10 6 10 7 1 34
N18.1 0 0 1 0 0 1
N18.2 1 0 1 1 0 3
N18.3 6 2 7 2 0 17
N18.4 1 1 1 0 1 4
N18.5 2 2 0 3 0 7
N18.9 0 1 0 1 0 2
OPS: operation and procedure codes

† Jan-01 – Apr-30

Fig. 2 Change of the G-DRG tariff due to an improved stage of renal insufficiency
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KDIGO (“Kidney Disease: Improving Global Outcomes”) 
guidelines, acute renal failure is present when at least one 
of the three following criteria is met: (1) an increase in 
serum creatinine of at least 0.3 mg/dl within 48 h above 
a measured baseline value, (2) an increase in serum cre-
atinine compared to a measured baseline or the patient’s 
predicted baseline by at least 50% within the previous 7 
days, or (3) a decrease in urinary output to less than 0.5 
mL/kg/h for at least 6 h [15] The ICD-10-GM staging of 
acute kidney failure is based on the KDIGO guideline 
[16].

Taking the results of the ICARIA-MM trial as starting 
point, the underlying analysis showed that a reduced RI 
may lead to economic benefits. The effect was shown due 
to a modelled improvement from stage 3 to unspecified 
acute renal failure stage 2 without histological findings. 
Including 74 hospital cases, modelled cost savings ranged 
from 3,101 EUR to 4,642 EUR per case. As the German 
reimbursement system is based on flat rates, a change 
regarding the secondary diagnosis did not necessarily 
affect the G-DRG tariff. However, secondary diagnoses 
can affect the patient clinical complexity level (PCCL), 
which in turn can lead to a more or less resource-
intensive G-DRG. In the analysis at hand, the reduc-
tion of PCCL did not influence the G-DRG tariff if other 
resource-consuming services such as agranulocytosis or 
chemotherapy were provided.

From a health economic perspective, the administra-
tion of isatuximab becomes economically feasible when 
list prices of several therapy components are massively 
discounted (> 60%) [17]. According to Lauer-Taxe®, 
a manufacturer price reduction for isatuximab was 
already implemented on Nov-01-2022, Jan-01-2022 and 
Jul-01-2023.

Although the analysis was conducted in all con-
science, this analysis has some limitations. Using real-life 
accounting data carries the risk of faulty or incomplete 
data documentation. It was intended to define a patient 
cohort similar to the ICARIA-MM trial, difficulties arose, 
however, in the differentiation of second and third-line 
treatment solely based on medical coding. Therefore, sur-
rogate parameters for first- and second-line treatments, 
such as the administration of stem cells, were used as 
exclusion criteria. Services reimbursed outside of the 
G-DRG tariffs (e.g. additional fees) were not considered 
but may contain further saving potential if becoming 
obsolete due to a reduction in RI.

The underlying analysis focused exclusively on changes 
in the renal function; a holistic view of the MM treatment 
pathway may reveal correlating side effects. The intro-
duction of a specific OPS code for the parenteral admin-
istration of isatuximab in 2023 allows a systematic and 
comprehensive monitoring of (r/r) MM treatment with 
isatuximab in following investigation as it enables precise 

case selection and analysis (e.g. calculation of G-DRG 
tariffs) without surrogate parameters. The consideration 
of the acquisition costs of isatuximab and outpatient 
treatment costs along the entire patient pathway would 
make it possible to examine the health economic effects 
from the perspective of the payers. Including data sets of 
several cancer centers would further improve validity.
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