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ABSTRACT
Objectives: To describe the incorporation of monoclonal antibodies (mAb) in real-world (RW)
practice for the treatment of patients with relapsed refractory multiple myeloma (RRMM) in a
setting with other treatment alternatives.
Methods: This was an observational, multicenter, ambispective study of RRMM treated with or
without a mAb.
Results: A total of 171 patients were included. For the group treated without mAb, the median
(95% CI) progression-free survival (PFS) to relapse was 22.4 (17.8-27.0) months; partial response
or better (≥PR) and complete response or better (≥CR) was observed in 74.1% and 24.1% of
patients, respectively; and median time to first response in first relapse was 2.0 months and
in second relapse was 2.5 months. For the group of patients treated with mAb in first or
second relapse, the median PFS was 20.9 (95% CI, could not be evaluated) months; the≥ PR
and≥ CR rates were 76,2% and 28.6%, respectively; and the median time to first response in
first relapse was 1.2 month and in second relapse was 1.0 months. The safety profiles for the
combinations were consistent with those expected.
Conclusions: The incorporation of mAb in RW practice for the treatment of RRMM has shown
good quality and speed of response with a similar safety profile shown in randomized clinical
trials.
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Introduction

Multiple myeloma (MM) accounts for approximately
1% of all cancers and 10% of all hematologic malignan-
cies, representing the second most common blood
cancer [1]. The incidence of MM in Spain evaluated
over a 23-year study period (1994-2016) has been
rather stable, ranging between 4.09 and 4.44 cases
per 100,000 inhabitants [2]. The disease has a typical
course characterized by a chronic phase lasting
several years and an aggressive terminal phase.

The therapeutic landscape in MM has changed
markedly in the last decade with the introduction of
the immunomodulatory (IMiDs) agents thalidomide,
lenalidomide, and pomalidomide as well as protea-
some inhibitors (PI) bortezomib and carfilzomib [3,4].
Significant increases in the overall response rate
(ORR), duration of progression-free survival (PFS), and
overall survival (OS) were obtained with these new
drugs [4–6].

The possible combinations of these drugs make the
treatment of relapsed refractory multiple myeloma
(RRMM) very heterogeneous. Some of the combi-
nations that have demonstrated safety and efficacy
according to phase 3 randomized clinical trials (RCTs)
include lenalidomide with dexamethasone (Rd) [7,8],
bortezomib either alone or in combination with dexa-
methasone [9,10], KRd (carfilzomib/lenalidomide/
dexamethasone), Kd (carfilzomib/lenalidomide/dexa-
methasone), and Pd (pomalidomide/dexamethasone)
[11–13].

However, despite significant therapeutic advances
in its treatment over the past years [14], MM remains
an incurable disease, and the majority of patients
relapse after achieving remission due to inherent
drug resistance characterized by highly complex and
heterogeneous molecular abnormalities [15,16]. In
the search for new treatment options with alternative
mechanisms of action addressing different molecular
targets that might overcome the above mentioned
therapy limitations, monoclonal antibodies (mAbs)
have emerged as remarkably effective drugs in the
treatment of several hematologic malignancies [17].

Daratumumab is a human monoclonal IgG1κ anti-
body that targets high affinity CD38, a cell surface
protein overexpressed on MM cells. Daratumumab
induces rapid, deep, and durable clinical responses in
patients with MM through a multifaceted mechanism
of action. Direct on-tumor actions include comp-
lement-dependent cytotoxicity, antibody-dependent
cellular cytotoxicity, antibody-dependent cellular pha-
gocytosis, and induction of apoptosis by crosslinking
[18,19]. Daratumumab should also be considered an
active immunotherapy due to its immunomodulatory
effects as it exerts immunomodulatory effects via T-
cell induction/expansion, T-cell activity enhancement,
and reduction of immune-suppressive cell populations

[20]. This activity may contribute to prolonged and
deep clinical responses [21].

Due to the positive results in several clinical trials,
daratumumab is approved in Europe in different set-
tings both as a first-line treatment and in relapse
[22]. Currently, more than 274,000 patients have
been treated with daratumumab worldwide [23].

This incorporation of daratumumab for the treat-
ment of myeloma in Spain began mainly in the
relapsed setting through daratumumab, bortezomib
and dexamethasone (DVd) as well as daratumumab,
lenalidomide, dexamethasone (DRd) combinations,
after these combinations have demonstrated safety
and efficacy for the treatment of RRMM in the
context of RCTs [24,25].

In POLLUX (NCT02076009) and CASTOR
(NCT02136134) phase III clinical trials, DRd versus Rd
and DVd versus Vd in RRMM showed superior PFS,
ORR, and minimal residual disease (MRD)-negative
rates for both standard- and high-risk patients. After
4 years of follow-up, the greatest clinical benefit of
DRd was observed in patients who had received one
prior line of therapy [24,26,27]. The benefit of triple
therapy with DVd occurred regardless of whether the
previous regimen included bortezomib or lenalido-
mide but was more pronounced in patients who had
received one prior line of treatment [25,28–30].

Recently, after more than 6 years of follow-up, a
statistically significant and clinically meaningful OS
benefit was also confirmed with DRd (OS in the DRd
arm was 67.6 (95% CI, 53.1-80.5) months versus 51.8
(95% CI, 44.0-60.0) months in the Rd arm) and DVd
(in 1 prior line, OS was NR (95% CI, 59.7 months-not
estimable) in the DVd arm versus 47.0 (95% CI, 32.6-
58.7) months in the Vd arm) [31,32].

Although some studies have evaluated the effec-
tiveness of daratumumab-containing regimens in
RRMM in a real-world (RW) setting, most of the
studies were retrospective and enrolled a limited
number of patients [33–38]. The present study was
performed to describe the incorporation of mAb in
RW practice for the treatment of patients with RRMM
in a setting with other standard treatment alternatives
that do not include mAb.

Materials and methods

Study design

This was an RW, observational, multicenter, ambispec-
tive (with retrospective and prospective phases)
descriptive study conducted in 52 hospitals through-
out Spain (Supplementary Table 1). Patients diagnosed
with RRMM (first and second relapse) who started anti-
neoplastic treatment within RW practice were included
in the study. Two patient groups were evaluated:
RRMM patients treated with standard regimens
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without mAb (Group A) and treated with a mAb-con-
taining regimen (Group B) (Supplementary Figure 1).
Group A started treatment with a combination of≥ 2
drugs between October 2017 and March 2018, and
Group B started treatment between April 2018 and
September 2018. Patient recruitment occurred from
15 November 2018 to 15 June 2019 (for Group A)
and lasted until 31 October 2019 for Group B in an
attempt to counteract the significant imbalance in
the number of patients included in the latter group.
The study included a retrospective phase from MM
diagnosis to study recruitment, during which baseline
clinical and demographic data were collected. Sub-
sequently, the study subjects were prospectively fol-
lowed up for a 12-month observation period and
were evaluated at 6-month intervals.

The study was reviewed and approved by all the
ethics committees of the participating sites, and it
was performed in accordance with all the applicable
local regulations on noninterventional studies and/or
observational studies. Written informed consent was
obtained from all living study participants (or from
their legal representative) prior to enrollment in the
study.

Study population

Patients were eligible for the study if they were 18
years of age or older, had a confirmed diagnosis of
RRMM (with first or second relapse), had started anti-
neoplastic treatment before study enrollment, were
not eligible for autologous stem cell transplant at
relapse, and, in the opinion of the investigator, had
an estimated life expectancy longer than 6 months.
Additionally, patients should have started antineoplas-
tic treatment either with any regimen that included at
least two drugs or with a mAb-containing regimen in
the time period indicated previously.

Patients were excluded if they had a primary refrac-
tory MM (nonresponsive while on primary or salvage
therapy or progressed within 60 days of last therapy),
had a≥ 3rd relapse of MM, were receiving monother-
apy for the 1st or 2nd relapses, and/or were participat-
ing or included in an interventional clinical trial.

Patients were recruited by convenience sampling.
Specifically, each investigator recruited the first 5–6
patients who met the criteria for selection and who
came consecutively to consultation since the
opening of the participating center.

Study objectives and assessments

The primary objective of the study was to describe the
incorporation of the mAb daratumumab into RW prac-
tice for the treatment of RRMM in a period of time that
covered the 6 months before and after the establish-
ment of pricing and reimbursement within the

Spanish Public Health System. This objective was
assessed by means of the PFS for the following combi-
nations: daratumumab-containing and alternative
standard of care treatment regimens.

The secondary objectives of this study included the
following: (1) to assess the clinical responses by treat-
ment group (evaluated by the IMWG criteria [39]); (2)
to estimate the OS by treatment group; (3) to assess
the safety and tolerability profile evaluated by the
reported adverse events (AEs) and serious adverse
events (SAEs) (whether related or not to the study
drug) by treatment group; and (4) to describe the stan-
dard of care regimens used for RRMM in Spain
before the availability of the combinations with
daratumumab.

The main data source of the study was the patients’
medical records at each site. All the data entered in the
study patients’ clinical record files (CRFs) were orig-
inally recorded in their respective medical charts.

The following medical information was collected
during the study: baseline demographic data; previous
diagnosis and relevant medical history; former and
current features of the MM, lab tests and radiologic
assessments; cytogenetic evaluation by fluorescence
in situ hybridization (FISH) analysis, considering a
high risk (HR) profile the presence of one of the follow-
ing cytogenetic abnormalities: t(4;14), t(14;16) and/or
Del17p13(P53) and extended HR cytogenetic profile
any of the above plus add(1q); disease staging accord-
ing to the International Staging System (ISS) and the
revised version (R-ISS) [40]; all previously received
MM treatments; some concomitant medications; and
measures of clinical efficacy/response (tumor response
to treatment and disease progression were evaluated
according to the IMWG criteria [39] and applied in
RW practice). To measure the response, the following
assessments were reviewed: quantification of the
monoclonal protein (serum and urine protein electro-
phoresis and immunofixation, serum free light chain),
bone marrow examination, radiological imaging
assessment, evaluation of extramedullary plasmacyto-
mas, and measurements of serum calcium corrected
for albumin.

Finally, for the safety assessment, AEs related to
myeloma treatment in the retrospective phase and
all AEs reported in the prospective phase regardless
of whether these AEs were related to the study drugs
and regardless of their severity were recorded in the
CRFs.

Statistical analysis

This study is descriptive/exploratory; therefore, no
formal sample size calculation was performed.

The efficacy analysis comprised all study patients
who met all the selection criteria, had provided
written informed consent, and had at least one
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response assessment. The safety population consisted
of all the study subjects who met all the selection cri-
teria, had provided written informed consent, and
had received at least one dose of the study drugs.

For the descriptive analysis, quantitative continuous
variables were summarized as the mean, standard
deviation (SD), median, and interquartile range (IQR),
whereas categorical variables were described by
means of absolute and relative frequencies. Missing
values were not considered for the calculation of the
respective percentages.

PFS was defined as the time elapsed between treat-
ment initiation for the first relapse and the second
disease progression (no significant or significant bio-
chemical progression, symptomatic progression,
whichever would have been identified first) or death
from any cause, whichever occurs first. For PFS, data
were censored either if patients started a subsequent
treatment and no confirmation of disease progression
was available or at the last available follow-up date. OS
was defined as the time elapsed between the date of
initiation of first or second relapse treatment (depend-
ing on patient study registry) to the date of death due
to any cause. For OS, patients who were alive at the
time of the analysis data cutoff were censored at the
last date they were known to be alive. PFS and OS
were estimated using the Kaplan–Meier method.

Time to first response (TTFR) was defined as the
period of time between treatment initiation for the
first/second relapse and the first response in first/
second relapse [strict complete response (sCR), com-
plete response (CR), very good partial response
(VGPR), partial response (PR)], and time to best
response (TTBR) was defined as the time from the
beginning of the treatment initiation for the first/
second relapse to the date of best response (sCR, CR,
VGPR, PR). TTFR and TTBR were analyzed as continuous
variables, and their respective median and IQR were
estimated.

For the safety analysis, AEs were coded using the
Medical Dictionary of Regulatory Activities (MedDRA)
[41], and all documented AEs were included in the
analysis. In addition, all the safety parameters with a
predefined toxicity level were summarized according
to the National Cancer Institute Common Terminology
Criteria for Adverse Events (NCI CTCAE v5.0) [42].

Results

From November 2018 to October 2019, 226 patients
were screened, and 171 patients were finally recruited
at 52 sites in Spain (Supplementary Table 1). Sixty-
three patients received a mAb combination (Group
B), and 108 were treated with other standard of care
regimens (Group A). The 171 enrolled patients were
included in the efficacy and safety analyses; however,
55 patients were excluded from the prospective

analysis of the study for not meeting all the eligibility
criteria (Figure 1). The two main reasons for exclusion
from the prospective analysis were inclusion of autolo-
gous hematopoietic stem cell transplantation as part
of the relapsed treatment (40.7%) and not having
started treatment with a mAb regimen within the
first 6 months after its reimbursement in Spain (35.2%).

Seventy-two patients discontinued the study treat-
ment, including 50 in Group A (46.3% of patients
treated in Group A) and 22 in Group B (34.9% of
patients treated in Group B). Reasons for study discon-
tinuation are displayed in Supplementary Table 2.

First and second MM relapse: Patient
population

A total of 171 patients were included: 121 after first-
line therapy and 50 after second-line therapy.
Overall, there were 96 (56.1%) men, and the median
(IQR) age was 73.0 (67.0-78.0) years. In total, 111
patients (64.9%) were≤ 75 years old. Comorbidities
were common, especially heart (30.3%) and renal
failure (15.8%).

One hundred twenty-one patients with first relapse
were included in the study. Eighty patients were
included in Group A, and 41 were included in Group
B. A total of 50 patients were included at the time of
second relapse. Specifically, twenty-eight and twenty-
two patients were included in Groups A and B,
respectively.

Clinical characteristics are presented in Table 1.
Both groups’ clinical characteristics were comparable,
except for ISS and R-ISS stage II, which were the
most prevalent in Group B.

A greater number of patients started treatment in
symptomatic relapse in both groups (59%). The most
frequent treatments resulting in relapse in Group A
included Rd and KRd regimens with 36% and 27%,
respectively. In Group B, therapy options for relapse
included DVd in 60% of patients and DRd in 40%. A
low percentage of patients were considered refractory
to front-line lenalidomide in both groups: 10.2% (9
patients) and 17.1% (7 patients) in Groups A and B,
respectively.

First and second MM relapse: Efficacy

The median (IQR) patient follow-up time was 48.9
(34.9-65.4) months for Group A and 43.5 (35.5-58.7)
months for Group B.

Progression-free survival (PFS)
Themedian (95% CI) PFS to relapse was 22.4 (17.8-27.0)
months for Group A and 20.9 (95% CI, could not be
evaluated) months for Group B (Figure 2). Of note,
46.6% and 56.1% of patients in Groups A and B,
respectively, were censored; most patients were
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censored after 15–18 months of follow-up mainly
because a subsequent treatment was initiated, and
no confirmation of disease progression was available.

Overall survival
Median OS was not achieved in any of the study
groups (Supplementary Figure 2). The high proportion
of censored patients in both groups (greater than 87%)
may have been attributed to the relatively short
follow-up time to assess OS.

Clinical responses to the respective therapy
regimens by treatment group
Regarding the response rates to relapse therapy, PR or
better (≥PR) was observed in 74.1% of the patients in
Group A and 76,2% of those in Group B; CR or better
(≥CR) was obtained in 24.1% and 28.6% of the patients
in Groups A and B, respectively (Table 2). Median TTFR in
first relapse was 2.0 months in group A and 1.2 months
in group B; in second relapse the corresponding figures
were 2.5 and 1.0 months, respectively. Median TTBR in
first relapse was 4.9 months in group A and 3.6
months in group B; and for the second relapse 7.4
months in group A and 5.4 in Group B (Table 3).

Only 12 out of 68 patients (17.6%) at first relapse (9
in Group A and 3 in Group B) and 2 of 28 patients
(7.1%) at second relapse (1 in Group A and 1 in

Group B) who met the criteria for MRD evaluation
(IMWG 2016 [39]) underwent MRD evaluation. At first
relapse, MRD negativity was achieved in 4 of the 9
patients in Group A and 2 of the 3 patients in Group
B. At second relapse, the evaluable single patient in
Group A achieved MRD negativity, but MRD negativity
was not achieved by the evaluable patient in Group B.

First and second MM relapse: Safety and
tolerability

During the retrospective phase of the study, a total of
17 and 35 related adverse events in Groups A and B,
respectively, were recorded (Supplementary Table 3).
The most frequent adverse event in either group was
peripheral neuropathy, as noted in 6 cases among
patients in Group A and another 6 cases in Group
B. Similarly, the most frequent grade 3–4 adverse
event was peripheral neuropathy, as noted in 3 cases
in patients in Group A and 2 cases among patients in
Group B (Supplementary Table 4).

During the prospective phase, 205 adverse events
occurred among the 74 patients in Group A and 131
adverse events among the 39 patients in Group B (Sup-
plementary Table 5). The most commonly reported
adverse events in Group A were asthenia (17.6%),
thrombocytopenia (14.9%), and respiratory tract

Figure 1. Patient flow diagram.
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infection (14.9%). In Group B, the most frequent
adverse events were diarrhea (20.5%) and asthenia
(17.9%). Grade 3–4 AEs were reported in 28.4% and
40.9% of patients from Groups A and B, respectively,
during the prospective phase of the study (Table 4).
Hematological toxicity, including anemia (1.4% and
10.3% for Groups A and B, respectively), neutropenia
(9.5% and 7.7%) and thrombocytopenia (5.4% and
2.6%), was the most frequently reported grade 3–4
adverse for both groups.

Forty-three patients who received antibacterial pro-
phylaxis were identified (27 in Group A and 16 in
Group B), most of whom had primary disease treated
with oral trimethoprim/sulfamethoxazole.

The treatment discontinuation rate for poor toler-
ance/adverse reactions for treated patients was 28%

in Group A and 18% in Group B (Supplementary
Table 2).

In daratumumab-treated patients (63), only 10 infu-
sion-related reactions were recorded, including 9
grade 1 reactions and 1 grade 2 reaction. Forty-one
patients had received treatment with montelukast as
premedication to prevent the development of IRRs.
Eleven patients required red blood cells transfusion
support, and none of them presented transfusion
reactions.

MM diagnosis and front-line treatment

No differences in relevant clinical characteristic were
noted between the study groups, with the exception
that, compared to Group B, patients in Group A were

Table 1. Patient characteristics and type of therapy at relapse.
Group A Group B

N N

Age, years, median [IQR] 108 74.0 [69.0-79.0] 63 71–0 [64.0-76.0]
≤ 75 years n (%) 64 (59.3) 47 (74.6)

Sex, male, n (%) 108 57 (52.8) 63 39 (61.9)
Weight, kg, median [IQR] 108 70.0 [62.0-79.0] 63 72.5 [64.0-81.0]
Height, cm, median [IQR] 108 164.0 [155.0-170.0] 63 166.0 [156.0-174.0]
Comorbidities, n (%) 106 59
Cardiopathy 35 (33.0) 15 (25.4)
Pneumopathy 11 (10.4) 2 (3.4)
Peripheral neuropathy 9 (8.5) 8 (13.6)
Renal failure 16 (15.1) 10 (16.9)

Type of progression, n (%) 117 63
Biologic 48 (41) 26 (41)
Symptomatic 69 (59) 37 (59)
yeloma type, n (%)a 108 58
IgG 61 (56) 27 (46)
IgA 24 (22) 19 (33)
Light chains 19 (18) 8 (14)
Other 4 (4) 4 (7)

Creatinine clearance, n (%) 117 63
<30 mL/min 13 (11) 3 (5)
30–60 mL/min 31 (27) 15 (24)
>60 mL/min 53 (45) 29 (46)
Not available 20 (17) 16 (25)

FISH cytogenetic profile, n (%)b 70 44
High riske 15 (21) 11 (25)
Extended high riskf 27 (39) 16 (36)

Disease staging ISSc, n (%) 74 45
ISS I 23 (31) 14 (31)
ISS II 24 (32) 20 (45)
ISS III 27 (37) 11 (24)

Disease staging R-ISSd, n (%) 41 25
R-ISS I 16 (39) 5 (20)
R-ISS II 17 (42) 16 (64)
R-ISS III 8 (19) 4 (16)

Treatment of relapse, n (%) 117 63
Rd 42 (36) –
KRd 32 (27) –
V-based regimen 19 (16) –
Other 12 (10) –
Pom-based regimen 8 (7) –
Kd 4 (3) –
DRd – 25 (40)
DVd – 38 (60)

a11 patients not available.
b66 patients not available.
c61 patients not available/not reported.
d114 patients not available/not reported.
eHigh-risk cytogenetics: presence of t(4;14), t(14;16), and/or De17p13(P53).
fExtended high-risk cytogenetics: presence of t(4;14), t(14;16), and/or De17p13(P53), plus Add(1q).
DRd: daratumumab-lenalidomide-dexamethasone; DVd: daratumumab-bortezomib-dexamethasone; FISH: fluorescence in situ hybridization; IQR: inter-
quartile range; ISS: International Staging System; Kd: carfilzomib-dexamethasone; KRd: carfilzomib-lenalidomide-dexamethasone; Pom: pomalidomide;
Rd: lenalidomide-low dose dexamethasone; R-ISS: Revised International Staging System; V: bortezomib.
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slightly older, showed a higher frequency of lytic bone
lesions (66.7% vs. 49.2%), and exhibited a longer time
from initial diagnosis to signed informed consent
(median of 51.1 and 38.1 for Groups A and B, respect-
ively). Cytogenetic profiling was performed in 114
patients (70 in Group A and 44 in Group B) at first diag-
nosis (data on the high-risk profile for both groups are
shown in Supplementary Table 6).

Only 35 patients (20.6%) had plasmacytoma radiolo-
gic evaluations at MM diagnosis. Most of these patients
presented bone and soft tissue involvement (80% in
Group A and 60% in Group B).

With respect to the study on antineoplastic therapy,
the most frequent front-line treatment regimen was
intensive (biweekly bortezomib) VMP (bortezomib-

melphalan-prednisone), which was administered in
24% of the total study population, followed by VCd
(bortezomib-cyclophosphamide-dexamethasone)
(12.9%) and Vd (12.9%). As shown in Supplementary
Table 7, a wide variability in drug combinations was
observed. In addition, data on treatment response
were available for 169 patients (98.8% of the study
population). A total of 67.5% and 25% of the evaluated
subjects presented VGPR or better and CR or better as
the best response, respectively. Response data are dis-
played in Supplementary Table 8.

Discussion

The introduction of the mAb daratumumab rep-
resented a significant breakthrough within the thera-
peutic arsenal for the treatment of MM. The hallmark
RCTs, CASTOR [28] and POLLUX [24], confirmed that
daratumumab combined with Vd resulted in signifi-
cant improvements in depth of response (including
MRD negativity), PFS, time to disease progression
and OS in patients with RRMM with a good and man-
ageable safety profile. However, only a limited
number of publications on RW treatment with daratu-
mumab are available, and these studies present vari-
able results with short follow-up times in general
[33,35,36].

Figure 2. Progression-free survival (PFS).

Table 2. Best response to relapse therapy per treatment
group.

Type of response

Group A
(N = 108)

Group B
(N = 63)

N % N %

Overall response rate 80 74.1 48 76.2
Strict complete response 10 9.2

14.8
26.9
23.1
0.9
7.4
7.9
12.3

6 9.5
Complete response 16 12 19
Very good partial response 29 17 27
Partial response 25 13 20.1

Minimal response 1 0 0.0
Stable disease 8 5 8
Disease progression 5 1 1.6
Not available 14 9 14.3
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Our study performed in an RW setting is, to our
knowledge, the first large study to describe the incor-
poration of a mAb, daratumumab, into RW practice for
the treatment of RRMM in Spain. After a median
patient follow-up time of 48.9 months for Group A
and 43.5 months for Group B, we observed a median
PFS of 20.9 months in Group B and a median of 22.4
months in Group A. These results were similar to the
median PFS for DVd reported for the CASTOR trial
[28], but inferior to the median PFS for DRd reported
for the POLLUX trial [43]. Similar results have also
been observed for patients treated without mAb in
Group A, where the most commonly used salvage regi-
mens (Rd and KRd) have slightly lower PFS results than
those identified in CTs [5,11,44]. Furthermore, we also
observed a lower response rate (ORR and≥ CR) in
our study than in the CASTOR [28], POLLUX [24] and
ASPIRE [11] trial results. However, CR or better was
observed in 28.6% of patients in the combinations
with daratumumab in relapse (DRd/DVd) and 24.1%
of patients in the standard treatment group. Usually,
depth of response translates into greater survival, a
finding that we have not been able to observe in this
RW practice study probably due to the high percen-
tage of patients censored during follow-up, especially
patients treated with mAb regimens. Median TTFR in

first relapse was 2.0 months in the group receiving
the standard of care regimens and 1.2 month in the
daratumumab group; in second relapse the corre-
sponding figures were 2.5 and 1.0 months, respect-
ively. Median TTBR in first relapse was 4.9 months in
the standard of care group and 3.6 months in the dar-
atumumab group; and for the second relapse the cor-
responding figures were 7.4 and 5.4 months,
respectively.

Regarding MRD evaluation, regrettably, the low
number of patients with this analysis among those
who met the criteria to be analyzed prevents us from
drawing any general conclusions. The Spanish
Myeloma Group (GEM) is one of the cooperative
groups that has internationally contributed the most
to generating the scientific evidence that supports
the relevance of negative MRD in MM, placing it as a
desirable treatment goal [45,46], having even already
reported preliminary results of a study in RW practice
of MRD evaluation in our country [47], which could
complement these results that we have not been
able to assess in the present study. To facilitate wider
access to MRD RW measurements in Spanish hospitals
and under GEM endorsement, the Cavex program
makes it available through its analysis by high-sensi-
tivity multidimensional flow cytometry through a
national network of 3 international validated reference
sites. Since its launch in 2015, 133 hospitals have
joined, and 3,438 samples have been analyzed to
date [48].

These differences in efficacy between reference
RCTs and this RW practice study may be partly attribu-
ted to the baseline clinical and demographic character-
istics of the patients enrolled in our study, such as an
older median age (range 6–10 years older
[7,11,12,24,28]) and the presence of comorbidities,
including cardiac and renal failure. In addition, delay-
ing therapy initiation until symptomatic relapse can
result in worse therapy outcomes [49,50]. In the
present study, a large proportion of patients started
treatment during symptomatic relapse. Moreover, the
median time between the first diagnosis of MM and
study enrollment was shorter in the daratumumab
group (median of 51.1 and 36.1 for Groups A and B,
respectively). However, the speed of response
observed in patients treated with daratumumab in
combination may contribute to faster control of the
disease and could particularly benefit patients with
symptomatic relapse.

Table 3. Time to response (months).

Type of response

Group A Group B

1st relapse 2nd relapse 1st relapse 2nd relapse

Median IQR Median IQR Median IQR Median IQR

First response 2.0 0.7-18.1 2.5 0.6-18.0 1.2 0.3-6,5 1.0 0.2-6.9
Best response 4.9 0.8-18.1 7.4 0.9-18.0 3.6 0.7-10.3 5.4 0.2-7.4

IQR: interquartile range.

Table 4. Severe adverse events reported during the
prospective phase of the study.

Adverse events grade 3 + 4a

Prospective phase

Group A
N = 74

Group B
N = 39

N % N %

Hematological
Anemia 1 1.4 4 10.3
Neutropenia 7 9.5 3 7.7
Thrombocytopenia 4 5.4 1 2.6
Hematotoxicity 0 0.0 2 5.1
Pancytopenia 1 1.4 0 0.0
Non-hematological
Asthenia 0 0.0 2 5.1
Testicular edema 0 0.0 1 2.6
Bacteremia caused by Escherichia coli 0 0.0 1 2.6
Hip fracture 0 0.0 1 2.6
Pneumonia 0 0.0 1 2.6
Peripheral neuropathy 1 1.4 0 0.0
Deterioration of the general state 1 1.4 0 0.0
Gastroenteritis 1 1.4 0 0.0
Lower respiratory tract infection 1 1.4 0 0.0
Respiratory tract infection 1 1.4 0 0.0
Urinary tract infection 1 1.4 0 0.0
Illium fracture 1 1.4 0 0.0
Tachycardia 1 1.4 0 0.0
aGrade 3 or 4 adverse events that were reported in at least one patient in
either treatment group are listed.
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The toxicity observed in our study seems to be
underestimated. This value is lower than that reported
in RCTs [11,24,28,44] for the two study groups. This
difference may be due to the observational nature of
this study as well as the difficulty of conducting this
type of study in RW practice. Regarding the standard
of care regimens evaluated in the study (Group A), a
plausible explanation may also be derived from their
greater experience of use and their consequent
lower reporting frequency. Regarding the tolerability
of the study daratumumab combinations (Group B),
the adverse event profile was actually as expected
and consistent with previously reported studies
[24,28]. Interestingly, although one of the most com-
monly observed adverse events was infections, the
reported use of antimicrobial prophylaxis was low,
suggesting that a wider use of antibiotic prophylaxis
could have prevented or attenuated the occurrence
of those complications.

Not surprisingly, other studies conducted with
either mAb or standard of care regimens in an RW
setting have also met some methodological issues
and, hence, failed to reproduce the same findings
from the phase III RCTs [33,35,36,51–53].

Study limitations must, however, be acknowledged.
Some are inherent to its observational and nonrando-
mized design (including the possibility of residual con-
founding due to unobserved treatment selection
biases). Selection bias in patient enrollment cannot
be discarded either. In addition, the aggregate analysis
in only two treatment groups of different therapeutic
options may have underestimated the results with
respect to whether they had been obtained indepen-
dently. Given the reality of complex treatment combi-
nations for RRMM and relatively low patient numbers,
assessing individual treatment effectiveness will
require substantial cohort sizes and advanced, colla-
borative analytics even on an international scale.

It is important to highlight is the important recruit-
ment failure identified, largely in Group B, especially
given that up to 20.4% of the recruitment failures in
this group were because patients began treatment
with mAb for more than 6 months after the mAb-
regimen Spanish reimbursement. Although this topic
is not frequently explored, it may be related to the
existing delay in our country in access to new drugs.
First, there was a significant delay from drug approval
at the European level (European Medicine Agency
assessment) until reimbursement in Spain of approxi-
mately 22 months for orphan medicines, such as dar-
atumumab [54]. Second, there is additional access
delay in those autonomous regions/hospitals that
require extra approval processes. Specifically, the
time taken from the designation of reimbursement
until approval for prescription within the different
hospitals shows great variability, ranging between
median 5 and 36 months [55]. These administrative

barriers could have conditioned the process to incor-
porate a new drug, such as daratumumab, into RW
practice, limiting this therapeutic alternative to more
selected patients.

Conclusions

The GeminiS study offers information about the incor-
poration of mAb in RW practice for the treatment of
patients with RRMM in a setting with other standard
treatment alternatives that do not include mAbs,
showing good quality and speed of the response
with a similar safety profile shown in RCTs. Information
from the study could help health care providers
improve RRMM management in an RW setting.
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