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Abstract

Introduction: Real-world data reflects treatments and out-
comes in clinical practice in contrast with controlled clinical
trials. This study evaluates real-life multiple myeloma (MM)
patients receiving proteasome inhibitor (Pl)-based treat-
mentsin the second or third therapy linein 2017 in Germany.
Methods: This is a retrospective chart review on adult re-
lapsed/refractory MM patients treated with >1 dose of a PI-
based regimen in either the second or the third line of ther-
apy. Participating physicians had >3 years of clinical experi-
ence in treating symptomatic MM patients and used PI
according to the label. Results: Distinct patient profiles for
each Pl-based regimen emerged. Younger, fitter, transplant-
eligible patients received novel Pl triplets such as carfilzomib
in combination with lenalidomide and dexamethasone
(KRd) or IRd. Patients receiving lenalidomide in first-line ther-
apy mostly received lenalidomide-free regimens in second-
line therapy. In high-risk patients, no clear treatment pat-
terns could be ascertained. The complete response rates
were highest with KRd (13.0%), followed by carfilzomib in
combination with dexamethasone (Kd) (5.7%) and bortezo-
mib (4.8%). The very good partial response rates were high-
est with IRd (76.9%), followed by KRd (53.7%), Kd (25.7%),
and bortezomib (20.5%). None of the KRd- or IRd-treated pa-

tients responded below a partial response. Discussion/Con-
clusion: Clear patient profiles for each Pl type were observed.
In second-line therapy, younger, fitter, transplant-eligible
patients received novel-Pl-based triplets, e.g., KRd or IRd. Pa-
tients treated with lenalidomide in first-line therapy mostly
received lenalidomide-sparing regimens in second-line
therapy. In high-risk patients no clear treatment patterns
could be ascertained due to the limited sample size.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Multiple myeloma (MM) is a neoplastic disorder char-
acterized by a monoclonal proliferation of plasma cells in
the bone marrow. Symptoms include hypercalcemia, re-
nal dysfunction, symptoms secondary to the suppression
of normal hematopoiesis such as anemia, skeletal destruc-
tion of the bones that results in bone pain and fractures,
and a high concentration of immunoglobulin and second-
ary immunodeficiency. MM is the second most common
hematological malignancy (10% of all blood cancers, after
non-Hodgkin lymphoma) and constitutes 1% of all can-
cers [1]. In Germany, 6,500 patients were newly diagnosed
with MM in 2014, and approximately 4,000 deaths were
attributed to MM in the same year [2, 3].

The 5-year survival of MM patients is 49.6% according
to the National Cancer Institute’s Surveillance, Epidemi-
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ology, and End Results Program (SEER) [4]. However,
there is a great variability among patients and survival can
be up to 20 years. In Germany, the relative overall 5-year
survival rate is approximately 50% [2, 3].

In Europe, the age-standardized incidence rate per
100,000 persons was estimated at 4.7 for males and 3.1 for
females [5]. In Germany, the age-standardized incidence
rate was estimated at 5.4-6.0 for males and 3.5-3.9 for
females, depending on the source [5, 6]. The incidence
rate steadily increases with age, with a peak age-specific
incidence rate of approximately 40-50 per 100,000 for
males and approximately 25-30 for females over 75 years
of age [6]. As the general population ages, MM incidence
rates are expected to increase accordingly [7].

Diagnosis of MM depends on the identification of
monoclonal plasma cells in the bone marrow, M-protein
in the serum and/or urine, osteolytic lesions, and an in-
dicative clinical profile (fatigue, weakness, and loss of ap-
petite and weight) (7, 8].

Treatment of MM commonly starts when patients be-
come symptomatic. Newly diagnosed asymptomatic pa-
tients are watched until symptoms develop, unless they
are identified as having active disease according to the
International Myeloma Working Group (IMWG) defini-
tion [9]. Initial treatment decisions are based on whether
stem cell transplantation (SCT) will be a part of the strat-
egy, and they mainly depend on the patient’s age and co-
morbidities. Depending on the patient’s clinical condi-
tion and eligibility for an autologous stem cell transplant,
an autologous stem cell transplant is used after induction
and followed by maintenance therapies [10]. For trans-
plant-ineligible patients, several options are recommend-
ed for first-line treatment, including bortezomib- and le-
nalidomide-based regimens [11].

Although it is now possible to achieve a long remis-
sion, the natural evolution of the disease leads to relapse
after upfront treatment [12]. In recent years, multiple
new drugs have been introduced for the treatment of MM
in the relapsed setting. In 2004, bortezomib was the first
proteasome inhibitor (PI) to be approved by the Euro-
pean Medicines Agency (EMA). PI have been proven to
be an effective strategy in MM treatment. More than 10
years after the introduction of bortezomib, 2 novel PI
were approved in Europe, i.e., carfilzomib, in combina-
tion with lenalidomide and dexamethasone (November
2015) and in combination with dexamethasone alone
(July 2016), and ixazomib in combination with lenalido-
mide and dexamethasone (November 2016).

There is only scarce data on patient profiles, treatment
combinations and sequences, and associated efficacy pro-
files in relapsed and/or refractory MM in the real-world
setting; additionally, studies of treatment landscapes un-
derlie fast-moving developments in clinical practice [13-
16]. Importantly, recent publications have not focused on
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PI. Therefore, it was deemed important to identify the
characteristics of patients receiving PI and their prior
treatment pathways in a real-world setting in Germany in
2017/2018.

Materials and Methods

Study Objectives

The primary objectives of this study were to describe the demo-
graphic and clinical characteristics of patients treated with a PI
(bortezomib, carfilzomib, or ixazomib) at diagnosis and at PI ini-
tiation of the respective line of observation. Antimyeloma treat-
ment history by PI regimen and PI-based treatment patterns were
analyzed. The secondary objective was to describe the best re-
sponse achieved with a PI-based treatment. The best response was
defined as a complete response (CR) or a very good partial re-
sponse (VGPR). The response was assessed by the treating physi-
cians and not necessarily based on conventionally defined criteria
[13]. CR assessment was performed either by bone marrow aspira-
tion or by the physicians based on their usual practice. For VGPR
or less, a response assessment based on M protein was enough.

Study Design

This national retrospective medical chart review included con-
secutive patients treated with at least 1 dose of a PI-based regimen
in participating hospitals/centers across Germany between Janu-
ary and June 2017. The data collection ended in April 2018. Physi-
cians completed paper case report forms (CRF) from the medical
charts of eligible patients, and data from all available treatment
lines prior to or following the index PI was extracted. The study
used 1 CREF per treatment line of interest and both sets were ana-
lyzed separately. After completion of the CRF, patient inclusion
criteria were verified and the priority data in the CRF was validat-
ed by external epidemiology research assistants in the presence of
the investigating physician.

Eligibility Criteria

Physicians were eligible if they had at least 3 years of clinical
experience, had been personally responsible for managing and
treating symptomatic MM patients, and had been using PI in dai-
ly practice according to their respective approved indications.
Each physician was required to provide at least 4 medical records.

Selection criteria for patient records were: diagnosis of MM,
age >18 years at the time of diagnosis, relapsed or refractory status
from at least 1 prior line of therapy, and at least 1 dose of PI in sec-
ond- or third-line therapy between January 1 and June 30, 2017,
irrespectively of when the PI treatment was started. Patients with
MGUS or smoldering myeloma or who received a PI in the re-
lapsed setting within a clinical trial were not eligible.

Statistical Analysis

Descriptive statistics were used. Numerical variables are shown
as means (£SD) or medians (95% CI or first and third quartile).
Categorical/ordinal variables are shown as numbers (%) of pa-
tients who fall into each response category. For exploratory time-
to-event variables, i.e., duration of treatment, time to next treat-
ment, progression-free survival (PFS), and observed survival (time
of death), Kaplan-Meier plots and quartiles, including the median
time to event, were provided. The time to next treatment was de-
fined as the time from treatment initiation (of the analyzed line) to
initiation of the nextline of therapy, and duration of treatment was
defined as the time from PI initiation to the end of PI treatment or
death, whichever occurred first. CRF were completed for patients
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Table 1. Characteristics of patients receiving a PI in the second line of treatment

Variable Total 2L 2L BTZ 2L CEZ 2L KRd 2L Kd 2L IXA
(n=219) (n=92) (n=106) (n=59) (n=47) (n=21)
Gender
Male 152 (69.4) 65 (70.7) 71 (67.0) 40 (67.8) 31 (66.0) 16 (76.2)
Female 67 (30.6) 27 (29.3) 35(33.0) 19 (32.2) 16 (34.0) 5(23.8)
Age at diagnosis, years 69 (24-85)  72(55-85)  64.5(24-82) 62 (41-80) 69 (24-82) 65 (47-83)
Age category at diagnosis (years)
<65 73 (33.3) 10 (10.9) 53 (50.0) 40 (67.8) 13 (27.7) 10 (47.6)
65-74 92 (42.0) 48 (52.2) 38 (35.8) 16 (27.1) 22 (46.8) 6 (28.6)
275 54 (24.7) 34 (37.0) 15(14.2) 3(5.1) 12 (25.5) 5(23.8)
Age at initiation of 2L 70 (26-89) 74 (59-88) 68 (26-83) 65 (42-81) 71 (26-83) 66 (47-89)
Age category at initiation of 2L (years)
<65 52(23.7) 6 (6.5) 38 (35.8) 28 (47.5) 10 (21.3) 8(38.1)
65-74 93 (42.5) 44 (47.8) 42 (39.6) 22(37.3) 20 (42.6) 7(33.3)
>75 74 (33.8) 42 (45.7) 26 (24.5) 9 (15.3) 17 (36.2) 6 (28.6)
ECOG at diagnosis
0-1 119 (54.3) 35(38.0) 68 (64.2) 52 (88.1) 16 (34.0) 16 (76.2)
2 98 (44.7) 56 (60.9) 37 (34.9) 7 (11.9) 30 (63.8) 5(23.8)
3-4 2(0.9) 1(1.1) 1(0.9) 0(0.0) 1(2.1) 0 (0.0)
ECOG at initiation of 2L
0-1 118 (53.9) 39 (42.4) 64 (60.4) 53 (89.8) 11 (23.4) 15 (71.4)
2 100 (45.7) 52 (56.5) 42 (39.6) 6(10.2) 36 (76.6) 6(28.6)
3.4 1(0.5) 1(1.1) 0 (0.0) 0(0.0) 0 (0.0) 0 (0.0)
Work status
Employed/on job 43 (19.6) 4(4.3) 32(30.2) 25 (42.4) 7 (14.9) 7(33.3)
None 176 (80.4) 88 (95.7) 74 (69.8) 34 (57.6) 40 (85.1) 14 (66.7)

Values are presented as numbers (%) or medians (range). 2L, second line of treatment; BTZ, bortezomib; CFZ, carfilzomib; IXA,

ixazomib.

with at least 1 dose of a PI in either second- or third-line therapy;
data specific to each line was separately analyzed.

No statistical modeling was applied to the study results and no
sensitivity analyses were performed on this dataset. Due to the ret-
rospective nature of this study, missing and/or incomplete data
was expected in some of the medical records. All missing values
were documented and excluded from the tables when necessary.
No patients were excluded from the overall data set; however,
some patients were excluded from specific analyses if they had a
missing value for that specific variable.

Results

Opverall, 44 investigators, all onco-hematologists, par-
ticipated in this study. Of these, 56.8% (n = 25) were office
based, 43.2% (n = 19) were hospital based, 20.5% (n = 9)
worked in a transplant center, 22.7% (n = 10) worked in
a hospital that was formally part of a network of trans-
plant centers, and 56.8% (n = 25) were not formally part
of a transplant network. These 44 investigators docu-
mented a total of 302 patients. Of these, 72.5% (n = 219)
were documented as having received a PI in second-line
and 27.5% (n = 83) in third-line therapy.

Proteasome Inhibitors in Relapsed/
Refractory MM in Germany

Patients Receiving a PI in Second-Line Therapy

Patient Characteristics

Ofthe 219 patients receiving PI in second-line therapy,
most were male (69.4%, n = 152); they had a median age
of 69 years (range 24-85) at diagnosis and 70 years (range
26-89) at the initiation of second-line treatment. There
were some differences between the different PI groups
with regard to age, with patients receiving carfilzomib- or
ixazomib-based triplet regimens being younger. Approx-
imately 30% of the patients receiving novel PI were still
employed or on their job compared to 4.3% (n = 4) of
those receiving a bortezomib-based regimen (Table 1).

Disease Characteristics

The common myeloma symptoms suggesting a diag-
nosis of myeloma (circumstances at diagnosis) were:
bone pain in 58.9% (n = 129), anemia in 35.6% (n = 78),
hypercalcemia in 18.7% (n = 41), and renal dysfunction
in 8.2% (n = 18; online suppl. Table S1; see www.karger.
com/doi/10.1159/000509018 for all online suppl. mate-
rial) of patients. A history of skeletal related events (SRE;
defined as pathological fractures, spinal cord compres-
sion, necessity for radiation or surgery to the bone) was
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Table 2. Disease characteristics of patients receiving a PI in the second line of treatment

Variable Total 2L 2L BTZ 2L CFZ 2L KRd 2L Kd 2L IXA
(n=219) (n=92) (n=106) (n=59) (n=47) (n=21)

ISS at diagnosis

ISS score available 210(95.9)  87(94.6) 102(96.2)  55(93.2)  47(100.0  21(100.0)
I 15 (7.1) 4 (4.6) 9(8.8) 8 (14.5) 1(2.1) 2(9.5)
II 101 (48.1) 35(40.2) 58 (56.9) 25 (45.5) 33(70.2) 8(38.1)
I 94 (44.8)  48(55.2) 35(34.3)  22(40.0)  13(27.7)  11(52.4)

Cytogenetic abnormalities at diagnosis

Yes (at least 1 tested) 105 (47.9) 26 (28.3) 65 (61.3) 47 (79.7) 18 (38.3) 14 (66.7)
del(17p13) 98 (44.7) 22 (23.9) 62 (58.5) 47 (79.7) 15 (31.9) 14 (66.7)
t(4;14) 91 (41.6)  21(22.8) 59 (55.7) 46 (78.0) 13(27.7)  11(52.4)
t(14;16) 94 (42.9) 21(22.8) 59 (55.7) 46 (78.0) 13(27.7) 14 (66.7)
del(13) 103 (47.0)  25(27.2) 64 (60.4) 47 (79.7) 17 (36.2) 14 (100.0)
amp(1q21) 89 (40.6) 21 (22.8) 58 (54.7) 46 (78.0) 12 (25.5) 10 (47.6)
t(11;14) 95 (43.4) 24 (26.1) 60 (56.6) 46 (78.0) 14 (29.8) 11 (52.4)

None tested 114 (52.1) 66 (71.7)  41(387)  12(20.3) 29 (61.7) 7 (33.3)

Aberration detected 105 (47.9) 26 (28.3) 65 (61.3) 47 (79.7) 18 (38.3) 14 (66.7)
del(17p13) 11(11.2) 2(9.1) 8(12.9) 5(10.6) 3 (20.0) 1(7.1)
t(4;14) 15 (16.5) 5(23.8) 7(11.9) 5(10.6) 2(15.4) 3(27.3)
t(14;16) 5(5.3) 1(4.8) 4(6.8) 2 (4.3) 2 (15.4) 0(0.0)
del(13) 23 (22.3) 9 (36.0) 13 (20.3) 9(19.1) 4(23.5) 1(7.1)
amp(1q21) 14 (15.7) 0(0.0) 14 (24.1) 14 (30.4) 0(0.0) 0(0.0)
t(11;14) 4(4.2) 2(8.3) 2(3.3) 1(2.2) 1(7.1) 0(0.0)

Values are presented as numbers (%). 2L, second line of treatment; BTZ, bortezomib; CFZ, carfilzomib; ISS;
international staging system; IXA, ixazomib.

AN 7.5% = AN 8%
I e 6.5% 14.3%
55.7%
71.4%
Fig. 1. PI-based regimens received in sec-
ond-line therapy (n = 219). DVd, daratu-
mumab in combination with bortezomib 2.2% 9.5%
"“.‘d d.exam.ethasone; Id, ixazomib in com- Bortezomib (n=92) Carfilzomib (n=106) Ixazomib (n=21)
bination with dexamethasone; VCd, bort-
- R . . Monotherapy mVd VMP =mVCd =DVd =Kd =KRd IRd Id =other

ezomib in combination with cyclophos-
phamide and dexamethasone.

presentin 34.2% (n = 75) of the patients. The median (Q1,
Q3) number of bone lesions at diagnosis was 1.0 (0.0,
35.0) and 2.0 (0.0, 50.0) at the initiation of second-line
therapy (online suppl. Table S2). Renal function at diag-
nosis was normal in 60.7% (n = 133) of the patients and
at the initiation of second-line therapy it was normal in

online suppl. Table S4) of the patients. The described dis-
ease characteristics varied to some extent between pre-
scribed regimens (online suppl. Tables S1 to S4). ISS stage
and cytogenetic disposition also varied across PI (Table
2).

53.4% (n = 117; online suppl. Table S3). At diagnosis, a
history of deep vein thrombosis was documented in 4.6%
(n=10) of the patients, a history of neuropathy was found
in 18.7% (n = 41) of the patients, and a history of signifi-
cant cardiovascular disease was seen in 16.9% (n = 37;

Oncol Res Treat 2020;43:449-459
DOI: 10.1159/000509018

452

Treatments Received in Second-Line Therapy

As a second-line PI treatment, 42.0% (n = 92) of the
patients received a bortezomib-based regimen, 48.4%
(n=106) received a carfilzomib-based regimen, and 9.6%
(n = 21) received an ixazomib-based regimen. Figure 1
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Table 3. Transplant history of patients receiving a PI in the second line of treatment

Variable Total 2L 2L BTZ 2L CFZ 2L KRd 2L Kd 2L IXA
(n=219) (n=92) (n=106) (n=159) (n=47) (n=21)
Transplant history
Atleast 1 transplantation 72 (32.9) 13 (14.1) 52 (49.1) 43 (72.9) 9(19.1) 7 (33.3)
Transplant in 1L only 65 (29.7) 9(9.8) 49 (46.2) 40 (67.8) 9(19.1) 7 (33.3)
Transplant in 1L and 2L 6 (8.3) 4 (4.3) 2(1.9) 2 (3.4) 0(0.0) 0 (0.0)
Transplant in 2L only 1(0.5) 0(0.0) 1(0.9) 1(1.7) 0(0.0) 0(0.0)
No transplant 147 (67.1) 79 (85.9) 54 (50.9) 16 (27.1) 38 (80.9) 14 (66.7)

Values are presented as numbers (%). 1L, first line of treatment; 2L, second line of treatment; BTZ, bortezomib; CFZ, carfilzomib;

ISS; international staging system; IXA, ixazomib.

shows the distribution of the individual regimens pre-
scribed for each PI type. Of the patients receiving bort-
ezomib-based regimens, most received a doublet, mainly
bortezomib-dexamethasone (Vd). Of the carfilzomib-
based regimens, slightly more than half of the patients
received carfilzomib-lenalidomide-dexamethasone (KRd),
and of ixazomib-based regimens, most patients received
ixazomib-lenalidomide-dexamethasone (IRd).

Treatment History Prior to Second-Line Therapy

Of the patients receiving bortezomib-based regimens
in second-line therapy (n = 92), the majority (62.0%, n =
57) had been prescribed a lenalidomide-based regimen in
first-line therapy. Of the patients receiving a carfilzomib-
based regimen (n = 106), 78.3% (n = 83) had received a
prior bortezomib-based regimen. Of the patients receiv-
ing carfilzomib in combination with dexamethasone
(Kd) (n=47),34.0% (n = 16) had received prior lenalido-
mide versus none of the patients receiving KRd (n = 59).
Patients receiving ixazomib in second-line therapy also
mostly had received prior bortezomib (66.7%, n = 14).
Figure 2 shows a Sankey diagram of treatment shifts from
first to second line for all of the patients, and online sup-
plementary Figures S1A and S1B show the same for pa-
tients with and without SCT. The median (Q1, Q3) dura-
tion between diagnosis and initiation of second-line ther-
apy was 17.0 months (10.0, 33.0) overall, with variations
between individual PI groups (online suppl. Table S5).
The time from first- to second-line treatment was 16.0
months overall, with wide interindividual ranges and
trends showing intergroup differences (online suppl. Ta-
ble S6). Supportive treatments received in the second line
are listed in online supplementary Table S11. Notably,
most patients (88.1%, n = 193) received a concomitant
osteoprotective therapy.

Transplant History
Overall, 32.9% (n = 72) of second-line PI patients had
received at least 1 transplantation, mostly in the first line;

Proteasome Inhibitors in Relapsed/
Refractory MM in Germany

1L BTZ, N = 92 (42%)

IXA, N =21 (10%)

First-line Treatment
Second-line Treatment

LEN, N =77 (35%)

= MAB, N =3 (1%)
2L KRd, N = 59 (27%)

Other, N = 14 (6%)

s Other IMID, N = 3 (1%)

=== BTZ + IMID, N = § (2%)

Fig. 2. Treatment shifts from first to second line in patients receiv-
ing a PIin second-line treatment (n = 219). BTZ, bortezomib; IXA,
ixazomib; MAB, monoclonal antibody; w/o, without.

8.3% (n = 6) had a transplant as second-line therapy and
a PI as conventional induction for this SCT. Of the pa-
tients receiving a bortezomib-based regimen in the sec-
ond line, 14.1% (n = 13) had received at least 1 transplant,
compared to 49.1% (n = 52) of carfilzomib patients (KRd:
72.9%, n = 43; Kd: 19.1%, n = 9) and 33.3% (n = 7) of ixa-
zomib patients (Table 3).

Outcomes in Second-Line Therapy

At the time of documentation, 56.5% (1 = 52) of patients
receiving bortezomib-based regimens, 77.4% (n = 82) of
carfilzomib patients, and 57.1% (n = 11) of ixazomib pa-
tients were still undergoing treatment. In the bortezomib
group, 82.6% (n = 76) had not yet progressed, compared to
91.5% (n = 97) in the carfilzomib group and 85.7% (n = 18)
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Fig. 3. PES in second-line treatment for patients who received a PI in second-line treatment. The median was not
reached for Kaplan-Meier curves of PFS for patients who received CFZ or IXA in second-line therapy. BTZ, bort-
ezomib; CFZ, carfilzomib-based regimens; IXA, ixazomib.

in the ixazomib group. The median Kaplan-Meier PFS was
14.0 months for bortezomib patients and it was not reached
for carfilzomib and ixazomib (Fig. 3). The median Kaplan-
Meier OS was not reached in any group.

Response assessment was performed in 84.5% (n =
185) of the patients overall. In the bortezomib group,
4.8% (n = 4) achieved a CR, 20.5% (n = 17) achieved a
VGPR, and 67.5% (n = 56) achieved a partial response
(PR). In the carfilzomib group, 10.1% (n = 9) achieved a
CR, 42.7% (n = 38) achieved a VGPR, and 43.8% (n = 39)
achieved a PR, with VGPR and CR rates differing between
KRd and Kd patients. Only 13 patients receiving ixazo-
mib were assessed for response (Fig. 4).

Patients Receiving a PI in Third-Line Therapy

Opverall, 83 patients had received PI in third-line ther-
apy at the time of data collection. Of these, 12 patients
received a bortezomib-based, 51 received a carfilzomib-
based, and 20 received an ixazomib-based regimen. Be-
cause of the low patient numbers, only top-level results
are described here.

Patient Characteristics

The population receiving PI in third-line therapy was
predominantly male (69.9%, n = 58), with a median age
of 66 years (range 40-83) at diagnosis and 70 years (range
41-84) at the initiation of third-line therapy. There were
no substantial differences between the PI groups con-
cerning these parameters (online suppl. Table S7).
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Disease Characteristics

At diagnosis, 63.9% (n = 53) had bone pain, 51.8%
(n = 43) had anemia, 18.1% (n = 15) had hypercalcemia,
and 13.3% (n = 11) had renal dysfunction (online suppl.
Table S8). A history of SRE was present in 33.7% (n = 28)
of the patients.

Transplant History

At least 1 transplantation was documented for 48.2%
(n=40) of the patients, mostly in the first line only (online
suppl. Table S8).

Treatment Sequences Received in the First through

Third Lines

Online supplementary Figure S2A shows a Sankey di-
agram of treatment shifts from second line to third line;
online supplementary Figure S2B shows treatment shifts
from first to second to third line in patients receiving a PI
in the third line. Online supplementary Table S9 shows
an overview of the documented treatment sequences re-
ceived in the first through third lines of therapy. Patients
receiving bortezomib-based regimens in the third line
mostly had received a sequence of a PI-based regimen in
the first line, an immunomodulatory agent (IMiD)-based
regimen in the second line, and the index bortezomib-
based regiment in the third line (75.0%, n = 9). Of the
patients receiving a carfilzomib-based regimen in the
third line, the most frequent prior sequence (86.3%, n =
44) was a PI in the first line, an IMiD in the second line,
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Fig. 4. Best response achieved during second-line PI treatment (n = 219). Proportions are based on the number
of patients assessed for response (N). PD, progressive disease.

and carfilzomib in third line. Most patients receiving ixa-
zomib in third-line treatment (55.0%, n = 11) received a
triple PI series (online suppl. Table S9). Supportive treat-
ments received in the third line are listed in online supple-
mentary Table S12; of note, 91.6% (n = 79) of the patients
received osteoprotective agents.

Outcomes in the First through Third Lines

Online supplementary Table S10 shows an overview of
the best responses achieved in first through third treat-
ment lines. These analyses were not stratified by treat-
ment received in the respective prior lines. Due to small
sample sizes, results are illustrative. Of the patients re-
ceiving bortezomib in third-line therapy, 50.0% (n = 5)
achieved a VGPR (no CR were documented). Of the pa-
tients receiving carfilzomib in third-line therapy, 2.4%
(n = 1) achieved a CR and 38.1% (n = 16) achieved a
VGPR. If third-line ixazomib patients, no CR were docu-
mented and 64.7% (n = 11) achieved a VGPR (online sup-
pl. Table S10). The time on treatment for patients who
received a PIin third-line therapy is shown in online sup-
plementary Figure S3. At the time of this study, the me-
dian time on treatment had not been reached for any of
the patients during the median follow-up time of 10.0
months. The median PFS and OS had not been reached
for any of the third-line patients (data not shown).

Proteasome Inhibitors in Relapsed/
Refractory MM in Germany

Discussion/Conclusion

This study aimed to describe the demographic and
clinical characteristics of patients with MM who had re-
ceived a PI in second- or third-line treatment at the time
of data collection, as well as to describe PI-based treat-
ment patterns and the physician-assessed best response
and outcomes in a real-world setting in Germany. The
advent of a wide array of new drugs and drug combina-
tions for treating MM, especially in the relapse setting,
has made it impossible to conduct head-to-head trials
comparing each of these regimens with each other to de-
rive a stringent treatment algorithm for these patients.
Additionally, a growing body of research has raised
awareness of the relative differences between patients eli-
gible for randomized controlled trials (RCT) and those
not eligible [2, 17-21], as well as the impact of condition-
al reimbursement on outcomes [19], triggering a debate
on the applicability of pivotal trials to routine clinical
practice [22]. Research based on real-world data, e.g.,
from registries, claims databases, or observational studies
of daily practice has thus gained importance and has in
some countries become a precondition for reimburse-
ment. This study offers insights from routine clinical care
of unselected MM patients receiving PI-based treatments
in the second or third line of therapy.

Of the participating physicians, almost all were expe-
rienced in using at least 2 different PI in the relapse and/
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or refractory setting, which suggests that there is in-
formed selection of a given PI for a specific patient and/
or response profile. These identified profiles are discussed
below.

In the treatment of MM, strategies are generally tai-
lored along 3 important decision frames, i.e., fitness and
transplant eligibility, risk level as determined by ISS stage
and cytogenetic risk, and sequencing accounting for re-
fractoriness to prior therapies, especially lenalidomide.
Generally, in older patients, a fourth frame exists, i.e., the
needs and the individual aims and living conditions,
which, however, was not within the scope of this study. In
this study, patient characteristics differed by PI type along
these decision frames, with younger, fitter, transplant-el-
igible, lenalidomide-responsive, or IMiD-untreated pa-
tients rather receiving triplets based on novel PI. There
were no clear patterns regarding risk.

Regarding fitness and transplant eligibility, patients
who were younger at diagnosis received carfilzomib- or
ixazomib-based regimens while older patients received
bortezomib. Within the group of patients who received
carfilzomib, KRd patients were younger than Kd patients.
This pattern was similar for age at initiation of second-
line. Patients still employed or on the job were more like-
ly to receive KRd or ixazomib than Kd or bortezomib.
Generally, in Germany patients who are eligible and con-
sent to a transplantation also receive a transplantation
[22], which allows more direct interpretation of the pro-
files of patients receiving or not receiving transplantations
without the need to account for logistic, reimbursement,
or other obstacles. In the present study, substantially more
patients with prior transplantations received KRd in sec-
ond-line therapy (more than double that of the next-
ranked ixazomib group). Patients not eligible for trans-
plant were more likely to receive bortezomib or Kd in sec-
ond-line therapy. The finding of a preference for
bortezomib in transplant-ineligible patients is consistent
with a data analysis from the German prospective tumor
registry of lymphatic neoplasms (TLN) [2], where 40% of
the patients received bortezomib-melphalan-prednisone
(VMP) and 25% received bortezomib with or without
dexamethasone (VD). However, this analysis of the TLN
registry covered the period of 2009-2011, which excludes
more recent developments in the treatment landscape.
The German MYRIAM registry [21], focusing exclusively
on MM and covering all sectors of myeloma treatment in
Germany, started in 2017 and thus covers a similar period
as the present study. In MYRIAM, patients in second-line
therapy who were not eligible for a transplant most fre-
quently received a lenalidomide-based (70%) or a carfil-
zomib-based regimen (39%), with KRd being the most
frequent PI-based regimen (20%) [21]. However, the au-
thors stated that MYRIAM data were immature at the
time of publication of the first interim analysis in 2018.
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Regarding the risk level, findings are based on ISS stage
at diagnosis. It was not assessed whether they were re-
staged at initiation of the second line of therapy. Most
patients were in advanced stages of disease at diagnosis
(ISS II or III), but if they were still in earlier stage (ISS I)
KRd or ixazomib was preferred over Kd or bortezomib.
In ISS stage I, more patients received KRd, followed by
ixazomib as the second most frequent regimen, then bort-
ezomib, and Kd (in descending order). Patients with ISS
stage II most often received Kd, followed by KRd, bort-
ezomib, or ixazomib. Patients with ISS stage III equally
likely received bortezomib or ixazomib, followed by KRd
and Kd. The finding that this real-world population in
Germany generally had a higher ISS score is consistent
with the CONNECT-MM registry. This registry also
showed that real-world populations have a greater pro-
portion of patients with higher ISS stages compared to
populations commonly represented in RCT [23], which
is of considerable importance when extrapolating proto-
cols tested in RCT to the daily clinical routine. Approxi-
mately half of the patients were tested for cytogenetic ab-
normalities. In all patients tested for cytogenetic aberra-
tions, at least 1 such aberration was detected. Patients
receiving KRd were more likely to be tested for cytoge-
netic aberrations than patients receiving ixazomib, Kd, or
bortezomib. The types of aberrations detected varied be-
tween the PI groups but followed no clear pattern. A re-
cent review article pointed to the fact that routine collec-
tion of cytogenetic abnormalities recognized as confer-
ring a poor prognosis is generally poor and susceptible to
technical failure, even in RCT, and the methodology or
cut-off to define cytogenetic risk categories is inconsis-
tent with definitions of clone sizes for del/17p for instance
ranging from abnormalities in a single cell, through 1.5-
7.5% of cells, up to 60% of cells [22].

Regarding treatment sequencing, patients receiving
bortezomib in second-line treatment were most likely to
have received prior lenalidomide. Those receiving a
carfilzomib or ixazomib were most likely to have received
prior bortezomib. In the group of patients receiving
carfilzomib, there was a difference between KRd and Kd
patients where KRd patients were not pretreated with le-
nalidomide, whereas approximately one third of the Kd
patients were lenalidomide pretreated. These patterns
evolved from an earlier study conducted in 2014 in 6
Western European countries including Germany, where
most patients had either received bortezomib or thalido-
mide in first-line treatment with no documented front-
line lenalidomide [13, 14]. There is to date no clear guid-
ance on sequencing, as treatment choices are extremely
complex. Factors such as individual characteristics and
their representation or nonrepresentation in clinical tri-
als, clonal heterogeneity in the context of response to
treatment, and multiple other factors need to be under-
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stood. International guidelines thus vary in their recom-
mendations and their translation into clinical practice
across Europe is inconsistent, as a recent literature review
has shown [16].

There were pronounced differences between groups re-
garding the best response achieved, noting that response
assessments were not done according to the criteria issued
by the IMWG but rather were done according to the physi-
cians’ usual practice. Ixazomib results need to be interpret-
ed with caution due to the low number of patients receiving
this PI in the present study and are thus not discussed in
the context of the existing literature. The CR rates were
highest in patients receiving KRd (13.0%), followed by Kd
(5.7%) and bortezomib (4.8%). The VGPR rates were high-
est in patients receiving ixazomib (76.9%), followed by
KRd (53.7%), Kd (25.7%), and bortezomib (20.5%). All pa-
tients with KRd and ixazomib were assessed as achieving
at least a PR. In the ENDEAVOR trial, CR or better was
achieved by 13% of Kd and 6% of Vd patients; VGPR were
reached by 54 versus 29% of patients, and PR were achieved
by 22 versus 34% of patients [24]. In the ASPIRE trial,
31.8% of patients receiving Kd achieved a CR or better, and
69.9% achieved a VGPR or better [25].

Bortezomib patients reached a median PFS (14.0
months); for all other treatment groups, PFS was not
reached during the time of observation. Patients receiving
Vd in the ENDEAVOR trial [24] reached a median PFS
of 9.4 months (95% CI 8.4-10.4) over the 30-month trial
duration, compared to 18.7 months (95% CI 15.6-NE) in
patients receiving Kd. In patients receiving KRd in the
ASPIRE trial, the median PFS over the 48-month trial du-
ration was 26.3 months [25]. As already pointed out,
there is a growing body of evidence that patient charac-
teristics differ between this study of routine clinical prac-
tice and pivotal RCT [17-20]. An analysis of the represen-
tativeness of the RCT ASPIRE, TOURMALINE-MM1,
POLLUX, and ELOQUENT-2 in real-world relapsed
and/or refractory MM patients showed that the 3-year
overall survival was longer for patients classified as RCT
eligible compared to RCT ineligible patients [26].

Regarding comorbidities and their potential impact on
the choice of treatment, the distribution of patients with
a history of SRE was similar among the groups, except for
ixazomib patients who were more likely to have had an
SRE history. Patients with renal impairment were more
likely to receive bortezomib or ixazomib than carfilzo-
mib-based regimens. Interestingly, there was no observ-
able difference regarding renal function between patients
receiving KRd and Kd, despite necessary precautions in
patients with renal impairment who are planned to re-
ceive lenalidomide [27]. Additionally, an equal propor-
tion of patients with a history of neuropathy received
bortezomib compared to carfilzomib, despite a known
causal relationship between bortezomib use and periph-

Proteasome Inhibitors in Relapsed/
Refractory MM in Germany

eral neuropathy [28, 29]. Ixazomib patients were less like-
ly to have had a history of neuropathy in the present study
than patients in the other groups. Patients with a history
of cardiovascular disease were less likely to have been ad-
ministered a carfilzomib-based regimen, although there
was a difference between KRd and Kd.

The time between diagnosis and the initiation of sec-
ond-line therapy and the time between the first- and sec-
ond-line therapies were assessed. For both periods, pa-
tients receiving carfilzomib, especially KRd, had a pro-
nouncedly longer time between diagnosis and the
initiation of second-line therapy. The period between the
end of the first-line therapy and the initiation of the sec-
ond-line therapy was substantially longer in transplanted
compared to nontransplanted patients.

The following top-level observations were made in pa-
tients receiving a PI in third-line therapy; the discussion
is kept to a minimum due to low patient numbers. The
median time from diagnosis to initiation was shorter in
carfilzomib patients than in bortezomib or ixazomib pa-
tients. More patients with ISS stage III received bortezo-
mib or carfilzomib than ixazomib. Interestingly, in terms
of work status the opposite was true for patients receiving
a PI in second-line therapy, with more bortezomib pa-
tients still working or being employed than those receiv-
ing novel PI (carfilzomib and ixazomib). Regarding treat-
ments received, almost all of the patients had received a
sequence of a bortezomib-based regimen without an
IMiD in first-line therapy, followed by an IMiD in sec-
ond-line therapy and a PI in third-line therapy.

This study has some limitations. Firstly, no compari-
son of groups can be made due to the study design and
the purely descriptive statistics. The fact that this study
was set up to investigate separate groups of patients who
had received a PI in second- or third-line treatment and
their respective characteristics and prior treatments pre-
cludes interpretations regarding patient flow through the
treatment lines. Special precautions need to be taken
when interpreting response data and Kaplan-Meier plots,
as they were only an exploratory endpoint and most pa-
tients were still on treatment when the data were extract-
ed from the electronic medical records.

Importantly, this study was done in 2017 and the treat-
ment landscape has evolved since then. For instance, le-
nalidomide in first-line therapy was only just approved at
the time of study. Additionally, the quota for ixazomib
was lower than those for other PI due to the launch of
ixazomib only in January 2017, rendering findings for le-
nalidomide and ixazomib unrepresentative of a more ma-
ture clinical landscape. Moreover, the number of patients
receiving ixazomib was rather small (~20 in each treat-
ment line), mandating caution in data interpretation.
Also, some off-label use was observed for ixazomib and
bortezomib due to the design of the CRF, which allowed
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observation of any treatment combination administered
in clinical practice — except for carfilzomib. In first-line
treatment, all prescriptions could have been within clini-
cal trials (n =5 patients, i.e., 4 carfilzomib and 1 ixazomib)
or within a compassionate use program. In the relapse
setting, clinical trial participants were excluded.

Another limitation was that only 44 physicians from
44 different sites could be recruited, compared to the 80
initially planned. While the study collected a robust num-
ber of patient records (302, compared with the 320 origi-
nally planned), they only represent the management pat-
terns of 44 different sites and are thus less geographically
representative than the 80 sites that were initially planned.
However, the regional and hospital type distributions
were representative, minimizing this bias.

Most of the physicians (41 out of 44) had initiated pa-
tients on >1 PI during the documentation period. The
complete anonymization of the data collected allows no
link between patients and their physicians’ setting (office
based or hospital based, whether working in a transplant
center or not) or region. Thus, treatment preferences for
different settings cannot be discerned.

Overall the retrospective nature of the study design
and the patient information itself limit the outcomes and
interpretation. Certain variables could not be assessed,
e.g., distance to care for patients and patient preferences,
which could have an impact on treatment decisions (e.g.,
oral vs. i.v. application).

Conclusions

This study shows clear patient profiles for each type of
PI observed. In second-line treatment, younger, fitter,
transplant-eligible patients rather received triplets based
on novel PI such as KRd or IRd. Patients treated with le-
nalidomide in first-line treatment mostly received le-
nalidomide-sparing regimens in second-line treatment.
In high-risk patients no clear treatment patterns could be
ascertained due to the limited sample size. This study
clearly shows that research based on real-world data is
important to fill the evidence gap that comes from the
improbability of conducting mutual head-to-head stud-
ies in a condition with multiple possible treatment op-
tions. The results also show the importance of generating
real-world data to understand management practices and
define areas of improvement in routine clinical practice.
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