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Abstract

Objectives: Emerging treatments for relapsed or refractory multiple myeloma (rrMM)
have led to increasing options for many patients. This study aimed to assess changes
in utilization of these options in Germany with a focus on modern triplet regimens
including new agents, such as carfilzomib, ixazomib, elotuzumab and daratumumab,
and to evaluate whether this had an impact on rrMM-related outcomes over time.
Methods: The study population consisted of 1255 rrMM patients who were assigned
to one of the following 6 treatment groups: immunomodulatory drug (IMiD)-based
doublets, proteasome inhibitor (Pl)-based doublets, daratumumab monotherapy, PI-
IMiD-based triplets, monoclonal antibodies (mAbs)-based triplets, or other treatment.
Results: Use of triplet-based therapy regimens increased from 5.9% in 2014 to 31.4%
in 2017. In parallel, use of IMiD-based doublets decreased from 74.3% in 2014 to
37.6% in 2017. Over the same time period, the risk of death decreased by 32% and
the risk of hospitalization which was reduced by 30%. The risk for serious adverse
events remained unchanged.

Conclusions: Between 2014 and 2017, the use of triplet-based therapy regimens for
rrMM in Germany has significantly increased and this was associated with a signifi-
cant decline in deaths and hospitalizations without an increased incidence of serious

adverse events.
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1 | INTRODUCTION over the last 10-15 years. More recently, several new agents,
such as the Pls carfilzomib and ixazomib, the IMiD pomalidomide
The immunomodulatory drug (IMiD) lenalidomide and the proteas- and two monoclonal antibodies (mAbs), elotuzumab and daratu-
ome inhibitor (PI) bortezomib have been the mainstay in the treat- mumab, have been approved for the treatment of rrMM patients.
ment of patients with relapsed or refractory multiple myeloma These new agents, given mostly in triplet combination, have dem-
(rrMM), mostly as doublets in combination with dexamethasone onstrated to be efficacious in extending progression-free survival
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(PFS) and time to progression, and expanded the standard op-
tions in treatment of rrMM.}® Several studies have shown that
these new agents are being increasingly used for management
of rrMM.”8 It is currently not known if these changes also apply
for rrMM patients treated in Germany; moreover, it remains to be
determined whether the increased use of triplet-based therapy
regimens including these new agents has resulted in improved
clinical outcomes. The present retrospective observational study
therefore aimed at first, to assess changes in treatment of rrMM
patients after the availability of new agents in Germany between
2014 and 2017; and second, to evaluate whether the adoption of
these new agents has resulted in changes in rrMM-related out-

comes over time.

2 | METHODS
2.1 | Study design and data source

This retrospective observational study was based on the Institute
for Applied Health Research (formerly Health Risk Institute, Berlin)
database which is an anonymized healthcare claims database with
longitudinal data from approximately 7 million Germans insured
in one of approximately 70 German statutory health insurances.
Previous analyses revealed that the database from the Institute for
Applied Health Research has a good external validity to the German
population in terms of morbidity, mortality, and drug use.” In brief,
the database includes patient demographics, enrollment history,
and medical and pharmacy claims. Medical claims include informa-
tion on outpatient healthcare services and data related to hospi-
tal treatment, including admission and discharge dates, diagnoses,
operations, and interventions. All diagnoses in the database were
coded according to the German modification of the International
Classification of Diseases. Pharmacy claims include various infor-
mation on all outpatient prescriptions dispensed in German phar-
macies such as dispensing/prescription date and number of tablets
dispensed. Prescription handouts were coded according to the
Anatomical Therapeutic Chemical Classification System.
Patient-level data can be arrayed chronologically to provide a de-
tailed longitudinal profile of all medical and pharmacy services used
by each insured member. All patient identifiers were fully encrypted
from the database which is therefore compliant with the German
data protection regulations. As no patient contact was made and
patient information was de-identified, Institutional Review Board

approval was not required.

2.2 | Study population

The study population consisted of all patients who had at least one
new prescription of a therapy regimen used for rrMM between
January 1, 2014, and December 31, 2017. To obtain a new starter

cohort, patients with a prescription of the newly initiated therapy
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Novelty Statements

What is the new ASPECT of your work?: Assessment of
whether changes in treatment patterns have resulted in
improved clinical outcomes of relapsed or refractory mul-
tiple myeloma patients in Germany. What is the CENTRAL
finding of your work?: Between 2014 and 2017, the use
of new triplet-based therapy regimens for relapsed or re-
fractory multiple myeloma in Germany has significantly in-
creased and this was associated with a significant decline
in deaths and hospitalizations without an increased inci-
dence of serious adverse events. What is (or could be) the
SPECIFIC clinical relevance of your work?: Increased use
of new triplet-based therapies for treatment of relapsed or

refractory multiple myeloma.

regimen within the previous 12 months were excluded. The index
date was defined as the start date of the therapy, and the index
quarter as a quarter in which the therapy was prescribed. To focus
on relapsed or refractory multiple myeloma, several inclusion and
exclusion criteria were applied. Patients without at least one pre-
scription of any other therapy regimen used for multiple myeloma in
the last five years were excluded. Furthermore, patients with amy-
loidosis or plasma-cell leukemia were excluded. In addition, patients
were required to have continuous enrollment in the database for
5 years prior to the index quarter. Derivation of the study popula-

tion is shown in Figure 1.

2.3 | Therapy regimens and study outcomes

Based on their prescribed treatment, patients were assigned to one
of the following 6 treatment groups: IMiD-based doublets, Pl-based
doublets, Daratumumab Monotherapy (without dexamethasone),
PI-IMiD-based triplets, mAbs-based triplets, or other. The composi-
tion of each treatment group is provided in Table S1.

The first objective of the study was to assess the proportion of
German rrMM patients who did receive one of the above listed ther-
apies. This was evaluated over the entire study period and for each
of the 4 sequential annual cohorts separately (years 2014-2017).

The second objective was to identify factors associated with use
of triplet-based therapies.

The third objective was to determine whether changes in treat-
ment patterns over time resulted in changes in clinical outcomes in-
cluding death, time to next therapy, febrile neutropenia, pneumonia,
thrombosis, number of platelet or red cell transfusions, and num-
ber of hospitalization or hospital days (see Table S2 in Supporting
Information for exact definitions of the outcomes). In particular, to
assess the impact of the introduction of new agents, such as car-
filzomib, ixazomib, elotuzumab, and daratumumab, in Germany on

the incidence of clinical outcomes, these were evaluated before and
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Patients with at least one prescription of a drug used for rMM between 2014 and 2017 and documented MM
diagnosis in the same or the preceding eight quarters of the treatment initiation

FIGURE 1 Selection process of the
included relapsed or refractory multiple
myeloma patients
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Cohort 2017 =386

after the introduction of the new agents, that is, in rrMM patients
identified in 2014 and 2017, respectively; all patients were followed

for one year after the index date.

2.4 | Statistical analysis

Baseline characteristics of the study population were reported as
percentages or means + standard deviation (SD) and were examined
during 8 quarters prior to index quarter. Only previous stem cell trans-
plantation (SCT) and number of prior therapies were assessed through
the entire baseline period of 5 years. Treatment patterns were de-
scriptively analyzed for each of the 4 annual cohorts and represented
separately for the entire study period and by cohort. Additionally, the
association between patient characteristics and the use of triplet-based
therapy (PI-IMiD-based triplet or mAb-based triplet) vs doublet-based
therapy (IMiD-based doublet or Pl-based doublet) was examined using
a binary logistic regression model. For this analysis, all doublet-based
therapy regimens and all triplet-based therapy regimens were grouped
into one group, respectively. Daratumumab monotherapy and treat-
ments clustered in the other group were not considered for this analy-
sis. Odds ratios (ORs) were reported for each risk factor, together with
their 95% confidence intervals (Cls).

Clinical outcomes before and after the adoption of new agents
were compared using Cox proportional hazard models and Poisson
regression models with a log link (see Statistical analysis section in
Supporting Information for more information). In order to account

for possible differences in patients characteristics in 2014 and 2017

cohorts, models were adjusted for age, gender, history of anemia,
hypercalcemia, bone lesion, kidney disease, diabetes, cardiovascu-
lar disease, prior SCT, and number of previous therapies. Adjusted
hazard ratios (HRs) and adjusted rate ratios (RRs) were reported with
their 95% Cls.

In addition, unadjusted event rates were estimated in both co-
horts and for each of the specified clinical outcomes and were ex-
pressed per person-year.

As a prespecified subgroup analysis, outcome analyses were per-
formed for patients in different age groups (<70, 71-75, 276).

Data analysis was carried out by the Institute for Applied Health
Research, Berlin. A two-sided P-value < .05 was considered statisti-
cally significant.

3 | RESULTS
3.1 | Patient population

The overall study population for addressing the first study objective
comprised 1255 rrMM patients enrolled in four sequential cohorts
between 2014 and 2017. Overall, 70.0% of patients (n = 878) re-
ceived a doublet-based therapy regimen, 18.6% (n = 234) received
a triplet-based therapy regimen while 4.7% (n = 59) were treated
with daratumumab as monotherapy (Table 1). The remaining 6.7%
(n = 84) received a variety of regimens not belonging to the catego-
ries above and were thus included in the category “other.” Among

878 patients treated with doublet-based therapy regimens, 682
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TABLE 1 Baseline characteristics of the overall study population at the time of therapy for relapsed or refractory multiple myeloma

Characteristic

Patient demographics

IMiD-based
doublet, n = 682

Pl-based doublet,
n=196

Age (mean + SD) 69.6 (10.4) 69.6 (10.3)
Age groups (%)
<70y 50.2 14.2
71-75y 53.4 17.5
276y 62.1 16.7
Male (%) 61.4 66.8
Index year (%)
2014 74.3 14.8
2015 74.2 9.7
2016 43.6 19.0
2017 37.6 17.4
Medical history
Charlson Comorbidity 6.3(3.0) 6.7 (2.7)
Index (mean + SD)
Number of previous 1.4 (0.6) 1.8(0.8)
therapies (mean + SD)
Previous SCT (%) 27.6 327
Anemia (%) 66.7 66.8
Hypercalcemia (%) 20.2 21.6
Bone lesion (%) 911 949
Diabetes mellitus (%) 26.8 28.1
Renal insufficiency (%) 39.7 459
Cardiovascular disease 38.6 40.3

Daratumumab PI-IMiD-based mADb-based Other,
Monotherapy, n = 59 triplet, n = 176 triplet, n =58 n=284
69.5(9.2) 64.4(10.8) 67.7 (9.3) 67.1
(11.3)
4.3 18.5 5.9 7.0
6.8 12.0 4.0 6.4
4.0 7.8 3.0 6.5
66.1 60.8 65.5 52.4
0.0 5.9 0.0 5.1
0.0 54 0.0 10.8
5.9 19.8 4.0 7.6
9.8 19.9 11.4 3.9
6.4(3.1) 5.9(2.7) 5.5(2.4) 5.6 (2.8)
2.6 (1.0) 1.5(0.9) 1.9(1.1) 1.9 (0.9)
23.7 33.5 40.8 31.0
74.6 61.4 50.0 58.3
271 20.4 13.8 214
93.2 92.6 91.4 90.5
28.8 22.7 27.6 25.0
52.5 36.4 24.1 41.7
40.7 27.3 27.6 29.8

(%)

Abbreviations: IMiD, immunomodulatory drugs; mAbs monoclonal antibodies; bone lesion defined as spinal cord compression, surgery to the
bone, pathologic fracture or radiation; cardiovascular disease defined as acute myocardial infarction, coronary heart disease, or heart failure; PI,

proteasome inhibitor; SCT, stem cell transplantation; SD, standard deviation.

(77.7%) were treated with IMiD-based doublets while 196 (22.3%)
were prescribed Pl-based doublets. Similarly, among 234 patients
who received a triplet-based therapy regimens, 176 (75.2%) were
treated with PI-IMiD-based triplets while 58 (24.8%) received a
mAb-based triplet. Patients who were treated with triplets were on
average younger and had less comorbidities than those treated with
doublets or daratumumab as monotherapy. Among patients treated
with doublet-based therapy regimens, IMiD-based doublets were
more often used in patients with prior SCT, female patients, and pa-
tients who had lower number of prior treatments, compared with
patients receiving Pl-based doublets.

The study population to address the third study objective, treat-
ment outcome in relation to therapy patterns, comprised 623 rrMM
patients who were identified in the years 2014 (n = 237) and 2017
(n = 386), respectively. The distribution of demographic and clinical

characteristics is depicted in Table 2.

3.2 | Temporal trends in therapy regimens for rrMM

Figure 2 shows the prescribing patterns in the 4 sequential rrMM
patient cohorts. Use of PI-IMiD-based triplet therapy regimens
increased from 5.9% in 2014 to 20.0% in 2017. This change was
driven by the increased use of carfilzomib- and ixazomib-based
combinations (see Table S1 in Supporting Information for propor-
tions of single therapy regimens). Similar increase in use was also
observed for mAb-based triplets, mainly related to increased use
of daratumumab- and elotuzumab-based combinations. The use of
daratumumab as monotherapy increased from 6.0% in 2016 (year
of approval) to 9.8% in 2017. The small increase in use of Pl-based
doublets from 14.8% in 2014 to 17.4% in 2017 was predominantly
due to increased use of carfilzomib-based doublets. In parallel, use
of IMiD-based doublets decreased from 74.3% in 2014 to 37.6%
in 2017.
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Characteristic Cohort 2014, n = 237

Age (mean + SD) 67.8(10.3)
Age groups (%)

<70y 53.2

7175y 21.1

276y 25.7
Male (%) 64.6
Charlson Comorbidity Index (mean + SD) 6.2 (3.1)
Number of previous therapies (mean + SD) 1.5 (0.6)
Previous SCT (%) 321
Anemia (%) 67.9
Hypercalcemia (%) 19.8
Bone lesion (%) 88.2
Diabetes mellitus (%) 28.7
Renal insufficiency (%) 35.4
Cardiovascular disease (%) 33.3

Abbreviations: SCT, stem cell transplantation; SD, standard deviation.

3.3 | Factors associated with use of triplet-
based therapy

Figure 3 shows associations between patient characteristics avail-
able for this analysis and use of triplet-based (PI-IMiD-based triplet
or mAb-based triplet) vs doublet-based (IMiD-based doublet or PI-
based doublet) therapy regimens.

Patients aged above 70 were more likely to receive a dou-
blet-based therapy regimen, while patients at age 70 or below were
more often treated with triplet-based therapy regimens. There was
a trend that patients in later lines of therapy received triplet-based
therapy regimens more frequently than doublet-based therapy

regimens.

3.4 | Changes in treatment landscape over
time and their association with clinical outcomes

Figure 4 displays the unadjusted event rates, adjusted hazard and
rate ratios, and the corresponding forest plot for time to event
and count outcomes for comparison of cohorts 2014 and 2017.
For cohort 2017, event rates per person-year of all time to event
outcomes except time to next therapy were lower than that for
cohort 2014. After adjusting for patient baseline characteristics,
patients treated in 2017 had lower risks of death (HR: 0.68, 95%
Cl: 0.47-0.97) and pneumonia (HR: 0.42, 95% Cl: 0.18-0.97) com-
pared to patients treated in 2014. The risk of treatment change,
febrile neutropenia, and thrombosis was similar between patients
treated in 2014 and 2017. A similar pattern was observed for
count outcomes. The unadjusted event rates per person-year of

all count outcomes but the number of platelet transfusions was

TABLE 2 Baseline characteristics of
the study population in cohorts 2014 and
2017

Cohort 2017,
n =386

68.5(10.9)

52.3

17.6

30.1

62.4
6.3(2.8)
1.7 (1.0

30.1

62.7

18.6

93.0

259

40.4

37.6

lower in cohort 2017 compared to cohort 2014. The adjustment
for patient baseline characteristics resulted in significantly lower
risks for red cell transfusions (RR: 0.42, 95% Cl: 0.27-0.65), hospi-
talizations (RR: 0.70, 95% Cl: 0.56-0.88), and number of hospital
days (RR: 0.75, 95% Cl: 0.57-0.99) in cohort 2017 compared to
cohort 2014 while the risk of platelet transfusions was similar be-

tween the two cohorts.

3.5 | Outcome risk according to age

Results from subgroup analysis revealed that the benefit with re-
spect to time to event outcome death and count outcomes number
of hospitalizations, number of red cell transfusions, and number of
hospital days was consistent in all prespecified age subgroups: No
significant interaction was observed between these subgroups and
cohort membership (Table A1 in Appendix). For the outcomes pneu-
monia, thrombosis, and platelet transfusions, the number of events
was too low to perform a valid comparison between cohorts in the

prespecified age subgroups.

4 | DISCUSSION

4.1 | Main findings

Our study reveals several important findings: (a) In a large unselected
population of rrMM patients in Germany, the use of PI-IMiD-based
and mAb-based triplet therapy regimens significantly increased be-
tween 2014 and 2017, mainly due to more frequent prescription of

combinations including new agents, such as carfilzomib, ixazomib,
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Male 0.87 (0.64, 1.19) — 0.3936
Anemia 0.84 (0.61, 1.17) —— 0.2981
Hypercalcemia 0.87 (0.59, 1.28) & 0.5014
Bone lesion 1.09 (0.61, 2.05) = 0.7742
Renal insufficiency 0.93 (0.66, 1.31) _—-— 0.6806
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Cardiovascular disease 0.78 (0.55, 1.11) S 0.1711
Prior stem cell transplantation 1.08 (0.75, 1.55) - 0.6969
Number of previous therapies 1.20 (0.99, 1.45) —— 0.0545
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wn

! More likely to receive triplet therapy
o n

-

FIGURE 3 Odds ratios with 95% confidence intervals associated with use of triplet-based therapies (PI-IMiD-based triplet or mAb-based
triplet) vs use of doublet-based therapies (IMiD-based doublet or Pl-based doublet), according to age, gender, number of previous therapies,
prior stem cell transplantation, and comorbidity

elotuzumab, and daratumumab; (b) the use of IMiD-based doublet this therapy; (c) in parallel with the increased prescription of triplet-

therapy regimens decreased by about half between 2014 and 2017, based therapy regimens, there was a significant decline in death and

however, approximately 38% of rrMM patients were still receiving hospitalization rates without an increase of typical adverse events,
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Event Rate per person-year Hazard and Rate Ratios (95% CI)
(unadjusted) (adjusted)
2017 vs. 2014
Death 030 039 . 0.68 (0.47, 0.97)
Time to next therapy 055 048 1.10(0.82, 1.48)
Febrile Neutropenia 02 025 - 0.95 (0.60, 1.51)
Pneumonia 004 0.10 - 0.42(0.18, 0.97)
Thrombosis 007 008 = 0.91(0.42,2.01)
#Platelet transfusions 022  0.34 = 1.65 (0.87, 3.30)
#Red cell transfusions 057 126 —m—— 0.42 (0.27, 0.65)
# Hospitalizations 277 206 S — 0.70 (0.56, 0.88)
# Hospital days 37.10 29.10 — 0.75 (0.57, 0.99)
Lower risk in 2017 ! I Higher risk in 2017
05 10 15

FIGURE 4 Unadjusted event rates (per person-year) and adjusted hazard and rate ratios with 95% confidence intervals for comparison
of cohorts 2014 and 2017. Adjustment was made for age, gender, number of previous therapies, prior stem cell transplantation, and

comorbidity. Abbreviations: #, number; Cl, confidence interval

such as febrile neutropenia, thrombosis, or platelet transfusions; (d)
the improvement in outcomes observed between 2014 and 2017 in

the overall population was maintained across age subgroups.

4.2 | Use of triplet-based therapy regimens in rrMM
over time

Our findings based on data collected over 4 sequential years dem-
onstrate a considerable increase in treated rrMM patients, likely due
to improvements in survival in multiple myeloma and increased num-
ber of different treatment options and regimens for rrMM, allowing
for more lines of therapy with varying regimens.'°** Over the same
time period, a significant increase in the rate of triplet-based ther-
apy regimens was observed. This change was predominantly due to
increased use of new agents, such as carfilzomib, ixazomib, elotu-
zumab, and daratumumab, a finding which is in line with other obser-
vations”® and reflects the increase in approved drug combinations
for the treatment of myeloma. Of note, the increase in triplet-based
therapy regimen use exceeded the decrease in doublet-based ther-
apy regimens use suggesting that the introduction of new agents is
likely to have contributed to improved overall treatment rates among
rrMM patients. These changes are also in agreement with the most
recent guidelines which prioritize triplet-based therapy regimens
over other forms of treatment for rrMM, at least at first relapse.’
However, the present analysis also shows that the use of doublet-
based therapy regimens among rrMM patients in Germany is still
common, especially in elderly patients. This might be related to the

lack of evidence regarding the benefit of triplets as this group of

patients is often underrepresented in clinical trials.**” In addition,
frail elderly patients are more susceptible to drug-related toxicities,
particularly with regard to hematologic toxicity limiting widespread
use of more intensive triplet-based therapy regimens. This becomes
particularly evident by the increased use of daratumumab mono-
therapy in such a group of patients. On average, patients treated
with daratumumab monotherapy were of similar age and had even
more comorbidities including anemia, renal failure, and history of
cardiovascular diseases than patients receiving doublet-based ther-

apy regimens.

4.3 | Factors associated with use of triplet-
based therapy regimens

Findings from the binary logistic model evaluating factors associ-
ated with use of triplet-based therapy regimens revealed that age
is the main driver for the choice of therapy among rrMM patients.
Younger patients were more likely to receive more intensive triplet-
based therapy regimens than older patients. This may indicate the
hesitancy and perception of increased toxicity risk among physicians
when considering more intensive regimens in an older patient popu-
lation that may be more frail and have a higher comorbidity burden.
Furthermore, the goal of therapy is different in these groups: for
young, fit patients the goal might be to achieve a complete remis-
sion and improve survival, while in elderly, frail patients it might
be more important to improve and maintain the quality of life.?8?
Patients with more prior treatments were more likely to receive tri-

plet-based therapy as compared to doublet-based therapy. This may
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be explained by the need to introduce new therapy combinations in
patients who already have had the same drug as part of doublet- or
triplet-based therapies.

4.4 | Association of increased triplet-based therapy
regimens use and clinical outcomes

In pivotal phase Ill trials, new agents, given mostly as triplet
combinations, have significantly reduced the risk of disease
progression or death.’”® The risk reduction ranged from 63% to
26% and was achieved within relatively short follow-up times
of 13-24 months. However, for carfilzomib and elotuzumab in
combination with lenalidomide and dexamethasone, the benefit
regarding the improvements in overall survival (OS) alone was ob-
served after a much longer follow-up of at least 4 years and for
other triplet combinations the OS data are still immature and not
yet available.?%?! To date, real-world data studies of changes in
rrMM-related outcomes over time are very scarce. For instance,

Kumar et al??

reported a marked improvement of OS in MM
generally and in rrMM specifically from the year 2000 onward.
Another study utilizing a large US electronic medical records da-
tabase of adult patients with rrMM found that the use of new
treatments has contributed to both longer OS and time to next
treatment.”

The present study indicated that an increase in prescription
of triplet-based therapy regimens was associated with a signifi-
cant decline in the risk of death amounting to an overall 32% re-
duction in death between 2014 and 2017. While it is not possible
to attribute, this change in practice to a single cause, increased
use of triplet-based therapy regimens, guideline changes, and
improvements in supportive care strategies may have been con-
tributory. Furthermore, the availability of new agents and thus
much broader treatment repertoire and strategies allows timely
and more efficacious interventions at each relapse phases. This is
further supported by the fact that time to next treatment did not
differ between 2014 and 2017. Of note, the time to next treatment
was defined as time from therapy initiation until prescription of
new therapy during follow-up. Thus, it appears that the improved
survival was not directly correlated with the duration of response
of a given line of treatment but rather a better chance to receive a
subsequent line of therapy.

Furthermore, it is important to note that the OS benefit was
achieved within a shorter time frame than in the respective phase Ill
trials of the new agents. Although the studies are not directly com-
parable due to different study objectives, some other factors may
have been responsible for the observed discrepancies regarding the
OS improvements, such as differences in patient populations, tim-
ing of rrMM therapy initiation or physician and patient preferences.
For example, patients in daily practice tend to be older, receive
more prior lines of therapy and have more comorbidities including

renal disease, cardiovascular disease, anemia, and hypercalcemia

1
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than in pivotal trials; hence, patients in routine clinical practice may
have lower survival rates compared to those in pivotal trials.'?®
Stratification for subgroups by age demonstrated that the reduc-
tion in death rates was consistent throughout age groups indicating
that also patients with older age benefitted from the more wide-
spread use of triplet-based therapy regimens. On the other hand,
an increased use of more intensive triplet-based therapy regimens
might be expected to come at a price of a higher rate of adverse
events. However, no increase in risk for serious adverse events was
observed between 2014 and 2017. In fact, the risk for hospitaliza-
tions and red cell transfusions was significantly lower for patients
treated in 2017 as compared to 2014.

Furthermore, it is important to emphasize that in Germany,
all medical costs related to cancer care are covered in full by the
German healthcare system. In principle, there is no substantial out-
of-pocket cost that may prevent patients from accessing cancer
care. Therefore, this study may contribute to better understand-
ing of the “real-world” impact of new therapies outside of clinical
studies when all patients have equal access to available innovative
treatments.

4.5 | Limitations of the study

Our study has several limitations inherent to any study using claims
data. The claims database lacks relevant information on clinical
data, including clinical stage of disease, information on cytogenetic
abnormalities, and laboratory data on renal function. Another con-
cern may be the potential for coding errors inherent to any retro-
spective analysis of claims databases. Furthermore, the population
covered by the database used in this study may not be generaliz-
able beyond the statutory health insured population in Germany,
for example persons with private health insurance. However, the
majority (ca. 85%) of the population in Germany is insured in the
statutory health insurance. Though the analyses are adjusted for
patient baseline demographic and clinical characteristics, unmeas-
ured confounding may still be present. At the time of analysis, data
were available until 2018. Thus, the follow-up for the comparison
of the clinical outcomes was limited to one year. Finally, our study
describes only an association between therapy changes over time

and clinical outcomes but cannot prove any causality.

5 | CONCLUSION

Our observations in a large cohort of rrMM patients treated in
Germany demonstrate an increased use of triplet-based therapy reg-
imens in recent years, predominantly due to the more widespread
use of regimens including new agents, such as carfilzomib, ixazomib,
elotuzumab, and daratumumab. This was associated with a signifi-
cant decline in death and hospitalization rates without an increased

risk for serious adverse events.
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APPENDIX

TABLE A1 Adjusted hazard ratios

and rate ratios with their 95% confidence
intervals (Cl) and P-values for interactions
of time to event and count outcomes

for the age subgroups for comparison of
cohorts 2014 and 2017

Outcomes

Death
<70y
71-75y
276y
Time to next therapy
<70y
71-75y
276y
Febrile neutropenia
<70y
71-75y
276y
Rate ratio (95% Cl) (adjusted)
Number of red cell transfusions
<70y
7175y
276y
Number of hospitalizations
<70y
7175y
276y
Number of hospital days
<70y
7175y
276y

Hazard ratio (95% Cl)

(adjusted)

0.58 (0.31-1.10)
0.61 (0.29-1.26)
0.83(0.46-1.50)

1.04 (0.70-1.53)
0.82(0.42-1.61)
1.41 (0.69-2.87)

(0.49-1.39)
(0.33-3.56)
1.92(0.21-17.40)

0.37(0.20-0.68)
0.42 (0.15-1.06)
0.46 (0.17-1.24)

0.62 (0.45-0.85)
0.85 (0.50-1.44)
0.70(0.44-1.12)

0.61 (0.41-0.90)
0.87 (0.50-1.50)
0.90 (0.52-1.59)

P-value for
interaction

.8340

.5039

.5437

.8602

5665

.3328



