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Abstract

Novel drugs have recently been introduced into the treatment of relapsed and refractory multiple

myeloma (RRMM). Their impact on clinical outcomes in real-world settings remains to be clarified.
To address this question, we evaluated survival outcomes in two real-world RRMM patient cohorts at
our center, stratified by the time point when anti-CD38 monoclonal antibody treatment became avail-
able in routine clinical practice (January 1, 2013-June 30, 2018 vs. July 1, 2018-December 31, 2022).
Patients in the post-July 2018 cohort had superior outcomes, with improved progression-free survival
(PFS) and overall survival (OS) at 2-6 lines of therapy (LOT). This was statistically significant at
2-6 LOT for PFS and 2-4 LOT for OS (p < 0.05). Among triple-class exposed patients (previous or
ongoing exposure to proteasome inhibitors, immunomodulatory drugs and anti-CD38 monoclonal anti-
bodies), OS was significantly superior at 2-4 LOT and PF'S superior at 4 LOT. Thus, this study provides
evidence that the evolving standard-of-care in RRMM in recent years has markedly improved clinical
outcomes. Our results emphasize the importance of using modern treatment options in the RRMM setting

and the continued need to develop novel treatments to further improve patient outcomes.

Key words: monoclonal antibody, treatment outcomes, multiple myeloma, real-world, relapsed/

refractory, treatment sequence.

Introduction

Multiple myeloma (MM) is the second most common
hematological malignancy, characterized by recurrent re-
lapses and therapeutic resistance. Despite the use of sev-
eral novel drugs in the last two decades, MM remains in-
curable [1]. The introduction of these treatments into the
standard-of-care (SOC) has been effective in controlling
the disease and even producing long-lasting remissions
[2, 3]. Nevertheless, relapse and progression invariably
occur [3, 4]. Throughout the course of the disease, most
surviving patients will eventually develop relapsed or re-
fractory MM (RRMM) with prior exposure or even resis-
tance to all available treatments [5-7]. Studies indicate that
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refractoriness to treatments increases with each relapse,
which is associated with the accumulation of mutations
and genetic alterations [7, 8].

Several immunotherapeutic drugs, including anti-
CD38 monoclonal antibodies (mAb) and bispecific anti-
bodies with a T-cell engager domain, have been integrat-
ed into clinical practice for RRMM. Studies demonstrate
improved patient outcomes such as extended survival [9,
10]. Anti-CD38 mAb induce antibody-dependent cellular
toxicity and phagocytosis, alongside other immunomodu-
latory effects. Bispecific antibodies with a T-cell engager
domain, which binds a tumor-specific antigen, and CD3,
which activates T cells, represent another promising class
of drugs [11, 12]. These novel treatments are important
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additions to the treatment options in RRMM and require
the development of updated treatment guidelines [13, 14].
Moreover, there is a shortage of studies assessing the ef-
ficacy of these novel drugs in the context of the current
SOC in RRMM, as well as a lack of consensus regarding
optimal treatment combinations and the timing of their uti-
lization [6]. While current guidelines provide several alter-
natives, none are definitive, nor is granularity purveyed at
the local level to aid clinicians in streamlining treatment
regimens. Real-world evidence studies may assist in gen-
erating clinical evidence in the RRMM setting [15].

This study aimed to evaluate the current treatment
landscape in RRMM and the influence of the evolving
SOC on patient outcomes. For this purpose, we assessed
progression-free survival (PFS) and overall survival (OS)
in two real-world RRMM patient cohorts at our center,
which were separated by the date when anti-CD38 mAb
became available in routine clinical practice. Moreover,
we studied the impact of exposure to three SOC drug
classes with different mechanisms of action — proteasome
inhibitors (PI), immunomodulatory drugs (IMiD), and
anti-CD38 mAb — on survival outcomes. To test this, we
analyzed whether patients exposed to all three drugs exhib-
ited superior outcomes compared to those who were not.

Material and methods

Patients

This retrospective, observational study was conducted
at a single tertiary hematology center in Sweden, using

RRMM patients
in period 2013-2022
N =381

Cohort B

Cohort A

2013-June 2018 [ > July2018-2022

n=243

n=138

Triple class exposed < > Non-triple class exposed
n=162 n=219

Fig. 1. Selection process for patient cohorts in the study.
Cohorts A and B were stratified according to date of most
recent relapsed and refractory multiple myeloma (RRMM)
event, with the cut-off date when anti-CD38 mAb became
available at our center: cohort A 2013-June 30, 2018 and
cohort B July 1, 2018-2022. For the separate analysis of
patients triple-class exposed vs. non-triple-classed ex-
posed, stratification was based on the entire cohort, due to
the limited number of patients in cohort A (n = 14)

pseudonymized clinical data from patients diagnosed with
RRMM between 2013 and 2022. Patients > 18 years at
the time of MM diagnosis, with RRMM according to the
International Myeloma Working Group (IMWG) criteria
[16], and treated with > 1 subsequent line of therapy (LOT)
following first-line treatment were included. The definition
of a LOT and the number of therapies were determined
according to Rajkumar et al. [17].

The study population was stratified by the date of their
most recent RRMM event into two cohorts: cohort A — the
most recent relapse between January 1, 2013 and June 30,
2018; and cohort B — the most recent relapse between July 1,
2018 and December 31, 2022. The two cohorts were sep-
arated by the introduction of anti-CD38 mAb to the treat-
ment of MM at our center. Patients with an RRMM event
before June 30, 2018, who started a LOT that continued
into the time period of cohort B were retained in cohort A.
The patient selection process is depicted in Figure 1.

Survival outcomes

Primary endpoints were PFS, defined as the time from
LOT initiation to disease progression or death, and OS,
defined as the time from LOT initiation to death of any
cause. Patients were censored at the date of their last fol-
low-up if no event had occurred. If a subsequent LOT was
started without prior disease progression (for example due
to adverse effects), patients were censored at the date of
initiation of the subsequent LOT for the calculation of
PFES. Outcomes were evaluated from the start of the second
LOT (2L) and for each subsequent LOT in both cohorts.
Our study design followed patients’ treatment regimens
for each LOT from the first relapse (2L) onwards, until
death or the date of the last follow-up. This was performed
even if 2L was administered before the cut-off date (July 1,
2018) for stratification to cohort B with regards to the lat-
est RRMM event, in order to yield comparative data across
all LOT in both groups.

Additionally, we performed a separate analysis of sur-
vival outcomes at each LOT for all those who were tri-
ple-class exposed (TCE) at the time of study inclusion. We
defined TCE as having received at least 1 PI, 1 IMiD, and
1 anti-CD38 mAb at any time point of the disease, includ-
ing both previous and ongoing treatments. The outcomes
were compared with patients not exposed to all three drug
classes (non-TCE) among all patients. We did not perform
an assessment on triple-class refractory RRMM patients
due to the limited number of subjects at our center during
the study period (n = 21 across all LOT).

Statistical analysis

No formal power analysis was conducted for this study,
due to our retrospective study design and inclusion of all
RRMM patients with available data at our center. Descrip-
tive data parameters were calculated as mean, standard de-
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viation, median, range, and interquartile range, depending
on the variable. Missing data were handled by censoring
in time-to-event analyses and reporting as percentages in
descriptive statistics. For numerical variables, the com-
parative analyses were conducted with the Mann-Whitney
U-test, while for categorical variables, the chi-squared test
was used. The Kaplan-Meier method was used to calculate
survival outcomes, and log-rank tests were employed to
assess statistical significance. A p-value < 0.05 was in-
terpreted as statistically significant. A multivariate Cox
proportional hazard model was employed to explore po-
tential confounders for PFS and OS at 2L, including age
> 65 years at MM diagnosis, gender, International Stag-
ing System (ISS) stage (using stage I as the reference),
cytogenetic risk profile at MM diagnosis, stratification to
cohort A or B, anti-CD38 mAb exposure, and triple-class
exposure. Missing values for ISS and cytogenetic risk led
to the exclusion of those patients from univariable anal-
ysis. For all other variables, complete data were used for
univariable analysis without any exclusion. Variables with
a p-value < 0.05 in the univariate analysis were included in
the multivariable model. If both anti-CD38 mAb exposure
and triple-class exposure were significant in the univari-
able analysis, only anti-CD38 mAb exposure was used
in the multivariable analysis. To ensure consistency, the
multivariable model excluded patients with missing ISS
or cytogenetic risk profile data.

Descriptive analysis was performed in Microsoft Ex-
cel (version 2408, Microsoft) and IBM SPSS Statistics
(version 29.0.1, IBM). Time-to-event analyses and Cox
regression analyses were performed in R (version 4.4.1,
R Foundation for Statistical Computing).

Ethical considerations

This study was approved by the Swedish Ethical Re-
view Authority (ethical permit 2014/526-31/3 and 2019-
04973) and was conducted according to the Declaration
of Helsinki and the Guidelines for Good Clinical Practice.

Results

We assessed the impact of the current SOC on clinical
outcomes in a real-world cohort of RRMM patients com-
pared to a previous RRMM cohort with relapse or pro-
gression during the preceding 5.5 years, and observed that
both PFS and OS were significantly improved at 2-6L for
PFS and 2-4L for OS. Additionally, we found superior OS
at 2-4L for TCE patients compared to non-TCE patients.

We identified a total of 381 RRMM patients according
to the study criteria, 138 in cohort A and 243 in cohort B.
Clinical characteristics for both cohorts are summarized
in Table 1. Overall, the median age at MM diagnosis was
69 years, 57% were male, and the proportions of ISS dis-
ease stage I, II, and III were 15%, 46%, and 23%, respec-
tively, while 17% were indeterminable due to missing data.
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Furthermore, 188 patients (49%) had an available cytoge-
netic risk profile at MM diagnosis. Of these, 70 subjects
(37% of available) had high-risk disease, defined as the
presence of the chromosomal aberrations del(17p), t(4;14),
t(14;16) and/or amp/gainlq. The median duration of fol-
low-up from MM diagnosis to death or the date of last visit
was 44.3 months (IQR: 24.3-71.0) for cohort A and 63.3
(IQR: 35.3-90.8) months for cohort B. During follow-up,
cohort A had a median of 3L (range 2-9) and cohort B 2L
(range 2-7). Analysis of survival outcomes were conducted
for 2-6L, as the sample size at 7L and beyond was insuffi-
cient to provide meaningful results.

The univariate analysis exploring possible confound-
ing patient characteristics at the start of 2L, with missing
data points removed, showed that the following parameters
were associated with inferior PFS: age > 65 years at MM
diagnosis (HR = 2.03, 95% CI: 1.55-2.66, p < 0.001), ISS
stage IIT (HR = 1.50, 95% CI: 1.02-2.19, p = 0.040) and
high-risk cytogenetics (HR = 1.70, 95% CI: 1.22-2.36,
p =0.002). Stratification to cohort B was associated with
superior PFS (HR = 0.68, 95% CI: 0.54-0.85, p = 0.001).
Upon including these parameters in a multivariate analysis,
age > 65 years at MM diagnosis (HR = 1.53, 95% CI: 1.04-
2.24, p = 0.030) and high-risk cytogenetics (HR = 1.70,
95% CI: 1.20-2.41, p = 0.003) were still significant, while
ISS III and stratification to cohort B were not. Factors at
2L that were associated with inferior OS in univariate anal-
ysis were: age > 65 years at MM diagnosis (HR = 2.47,
95% CI: 1.74-3.52, p < 0.001), ISS stage III (HR = 2.06,
95% CI: 1.29-3.28, p = 0.003), and high-risk cytogenetics
(HR =1.98, 95% CI: 1.32-2.96, p = 0.001). Factors asso-
ciated with superior OS were: stratification to cohort B
(HR = 0.42, 95% CI: 0.32-0.55, p < 0.001), anti-CD38
mAb exposure (HR =0.52, 95% CI: 0.39-0.70, p < 0.001)
and triple-class exposure (HR = 0.54, 95% CI: 0.40-0.72,
p <0.001). Upon including these parameters in a multivar-
iate analysis, age > 65 years at MM diagnosis (HR = 1.95,
95% CI: 1.17-3.26, p = 0.011) and high-risk cytogenetics
(HR =2.13,95% CI: 1.35-3.38, p = 0.001) remained sig-
nificant.

By examination of outcomes, we determined that co-
hort B exhibited significantly superior PFS than cohort
A at 2-6L. Median PFS at 2L was 15.5 vs 7.8 months
(HR =0.68, 95% CI: 0.54-0.85, p < 0.001), at 3L 11.9 vs.
4.4 months (HR = 0.50, 95% CI: 0.38-0.66, p < 0.001), at
4L 10.1 vs. 2.3 months (HR = 0.46, 95% CI: 0.30-0.69,
p < 0.001), at 5L 8.0 vs. 2.8 months (HR = 0.47, 95%
CI: 0.22-1.00, p = 0.045), and at 6. 10.0 vs. 1.6 months
(HR =0.27,95% CI: 0.10-0.76, p = 0.008). Median PFS at
2-6L is shown in Figure 2A. Similarly, significantly supe-
rior OS was observed in cohort B compared to cohort A at
2-4L. Median OS at 2L was 69.2 vs. 22.2 months (HR =
0.42, 95% CI: 0.32-0.55, p < 0.0001), at 3L 42.8 vs. 9.4
months (HR = 0.41, 95% CI: 0.30-0.56, p < 0.0001), and
at 4L 19.9 vs. 6.7 months (HR = 0.52, 95% CI: 0.34-0.81,
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Table 1. Patient characteristics of cohorts A and B

Characteristic Cohort A Cohort B P-value
(n =138) (n =243)
Age at MM diagnosis (years), median (range) 71 (26-93) 69 (32-92) 0.039
Gender (male), n (%) 73 (53) 146 (60) 0.173
ISS at MM diagnosis (categorical), n (%)
I 17 (12) 39 (16)
I 65 (47) 110 (45)
I 37(27) 50 (21) 0338
Unknown 19 (14) 44 (18)
Cytogenetic profile at MM diagnosis (categorical), n (%)
High-risk" 30(22) 40 (16)
Standard 35(25) 83 (34) 0.066
Unknown 73 (53) 120 (49)
Patients starting each LOT (categorical), n (%)
2 138 (100) 243 (100)
3 97 (75) 158 (65)
4 52(38) 76 (31)
5 24 (17) 14 (6) 0007
6 16 (12) 9 (4)
>7 8(6) 1(<1)
Autologous stem cell transplant at front-line, n (%) 39 (28) 89 (37) 0.097
Exposure to PI, IMiD and anti-CD38 mAb during all LOT?, n (%) 14 (10) 148 (61) <0.001

Cohort A: Most recent RRMM event between 2013 and June 2018. Cohort B: Most recent RRMM event between July 2018 and 2022. Chi-squared test (categor-
ical variables) and Mann-Whitney U-test (numerical variables) were used to compare cohorts. "Defined as presence of (4;14), 1(14;16), dell7p or amp/gainlgq.
*Includes ongoing LOT. MM — multiple myeloma, ISS — International Staging System, PI — proteasome inhibitor, IMiD — immunomodulatory drug, mAb — mono-

clonal antibody, LOT — line of therapy

p = 0.0029). Median OS at 5L was 18.4 vs. 8.0 months
(HR =0.55, 95% CI: 0.25-1.19, p = 0.12) and at 6L 10.0
vs. 3.3 months (HR = 0.46, 95% CI: 0.17-1.28, p = 0.13).
Median OS at 2-6L is shown in Figure 2B.

The clinical characteristics of TCE and non-TCE pa-
tients are summarized in Table 2. In our separate analysis
of outcomes in patients with prior or ongoing TCE across
all LOT, we observed significantly longer PFS at 4L,
with TCE vs non-TCE having a median PFS of 10.5 vs.
3.7 months (HR = 0.49, 95% CI: 0.33-0.75, p < 0.001), re-
spectively. However, while the trend was towards superior
PFS in TCE vs non-TCE patients at all other LOT, the dif-
ferences were not statistically significant. Median PFS for
TCE vs non-TCE patients at 2-6L is shown in Figure 3A.
In contrast, median OS was superior in TCE patients at
2-4L. compared to non-TCE patients. Median OS at the
start of 2L was 68.4 vs. 29.4 months (HR = 0.54, 95% CI.
0.40-0.72, p < 0.001), 3L 34.7 vs. 13.8 months (HR = 0.54,
95% CI: 0.39-0.74, p < 0.001), and 4L 19.9 vs. 6.7 months
(HR =0.48, 95% CI: 0.31-0.75, p < 0.001). Median OS for
TCE vs. non-TCE patients at 2-6L is shown in Figure 3B.

Discussion

This study provided evidence that the evolving SOC
in RRMM in recent years has markedly improved patient
outcomes. Our analysis of a real-world patient cohort with
the most recent disease progression or relapse between
June 2018 and December 2022 revealed longer PFS and
OS than RRMM patients with relapses during the previous
5.5 years during early LOT (Fig. 2A, B). The difference
was statistically significant at 2-6L for PFS and 2-4L for
OS. This indicates that the introduction and implementa-
tion of new drugs and treatment combinations at our center
have positively influenced patient outcomes.

Furthermore, we observed superior OS in patients with
previous or ongoing TCE (PI, IMiD and anti-CD38 mAb
exposure) at their most recent RRMM event, compared to
patients not exposed to all three drugs during follow-up
(Figure 3B). In part, this can be attributed to the addition
of anti-CD38 mAb in the treatment arsenal, and this find-
ing supports our hypothesis that the use of multiple drugs
with different mechanisms of action allows for superior
disease control, which ultimately improves patient out-
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Fig. 2. Progression-free survival (PFS) (A) and overall survival (OS) (B) at 2-6L. RRMM patients with last relapse
between 2013 and 2018 June in grey (cohort A). Relapsed and refractory multiple myeloma (RRMM) patients with last
relapse between 2018 July and 2022 in black (cohort B). Cohort B exhibited significantly (p < 0.05) superior median PFS
at 2-6 lines of therapy (L), and significantly superior median OS at 2-4L.
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Fig. 2. Cont. Progression-free survival (PFS) (A) and overall survival (OS) (B) at 2-6L.. RRMM patients with last relapse
between 2013 and 2018 June in grey (cohort A). Relapsed and refractory multiple myeloma (RRMM) patients with last
relapse between 2018 July and 2022 in black (cohort B). Cohort B exhibited significantly (p < 0.05) superior median PFS
at 2-6 lines of therapy (L), and significantly superior median OS at 2-4L

comes. However, while a trend towards improved PFS in
TCE patients was suggested in our analysis, the differenc-
es across all LOT were not statistically significant aside
from 4L (Fig. 3A).

The observed difference in administered LOT in co-
horts A and B (median 3L vs. 2L) likely reflects the shorter
PFS and inferior treatment responses in the earlier cohort,
necessitating additional LOT. Furthermore, since our study
included patients based on the most recent RRMM event,
patients in cohort A are more likely to have received che-
motherapy-based regimens in early LOT before pharma-
ceutical classes such as PI and IMiD were commonly ad-

ministered at front-line therapy and early lines of RRMM
treatment. In contrast, patients in cohort B are more likely
to have been treated with these newer drugs. These find-
ings underscore the importance of optimizing early LOT
with modern regimens to delay disease progression. In our
multivariate analysis of possible confounding factors, we
discovered that age > 65 and high-risk cytogenetics were
the most important parameters impacting outcome at the
start of 2L.. However, in our patient population, cytogenet-
ic profile was frequently missing, which may have influ-
enced outcomes in the Cox regression model. Furthermore,
ISS stage III and allocation to cohort B were significant

Central European Journal of Immunology 2026; 51



Improved outcomes in relapsed and refractory multiple myeloma: a single-center real-world analysis of evolving treatment standards

Table 2. Characteristics of patients with previous or ongoing triple-class exposure (TCE) compared to patients not triple-

class exposed (non-TCE)

Characteristic TCE Non-TCE P-value
(n=162) (n=219)
Age at MM diagnosis (years), median (range) 68 (32-87) 72 (26-93) <0.001
Gender (male), n (%) 92 (57) 127 (58) 0.815
ISS at MM diagnosis (categorical), n (%)
I 29 (18) 27 (12)
I 73 (45) 102 (47) 0.464
I 36 (22) 151 (23)
Unknown 24 (15) 39 (18)
Cytogenetic profile at MM diagnosis (categorical), n (%)
High-risk" 38(23) 32(15)
Standard 53(33) 65 (30) 0.033
Unknown 71 (44) 122 (56)
Patients starting each LOT (categorical), n (%)
2 162 (100) 219 (100)
3 127 (78) 128 (58)
4 68 (42) 60 (27) 0,001
5 17 (10) 21 (10)
6 11(7) 14 (6)
>7 2(1) 7(3)
Autologous stem cell transplant at front-line, n (%) 66 (41) 62 (28) 0.011

TCE — previous or ongoing treatment with proteasome inhibitors, immunomodulatory drugs and anti-CD38 monoclonal antibodies across all LOT. Non-TCE —
patients not treated with proteasome inhibitors, immunomodulatory drugs, and anti-CD38 monoclonal antibodies across all LOT. Chi-squared test (categorical
variables) and Mann-Whitney U-test (numerical variables) were used to compare cohorts. 'Defined as presence of 1(4;14), 1(14,;16), dell7p or amp/gainlq.
MM — multiple myeloma, ISS — International Staging System, LOT — line of therapy

predictors of PFS and OS in the univariate analysis, but
lost significance in our multivariate model. This may be
due to collinearity between variables, such as age and ISS
or between anti-CD38 mAb exposure and assignment to
cohort B.

Our results align with a study which reported outcomes
of newly diagnosed MM patients between 2008 and 2015
using the Swedish Myeloma Registry [18]. The authors
reported significantly improved relative survival in pa-
tients with MM diagnosed at the end of the study period.
Additionally, our findings are consistent with previous
real-world studies exploring RRMM outcomes using re-
al-world data, which indicate superior outcomes in mod-
ern RRMM cohorts. For instance, a U.S. study analyzed
RRMM treatment outcomes from 2011 to May 2017
within the International Oncology Network, and found
that patients (n = 456) receiving newer treatment options
(defined as pomalidomide, carfilzomib, elotuzumab, pa-
nobinostat, daratumumab, ixazomib and bortezomib-lena-
lidomide combination) had superior survival compared
to older RRMM treatment regimens [19]. The authors
reported numerically higher median PFS at 2-5L, 7.5 vs.

Central European Journal of Immunology 2026; 51

6.8 months, 4.9 vs. 4.8 months, 2.9 vs. 3.4 months, and
4.6 vs. 1.5 months, respectively, when comparing new
and older treatments. Similarly, median OS at 2-5L was
28.1 vs. 21.3 months, 15.4 vs. 10.9 months, 8.7 vs. 5.1
months, and 6.3 vs. 3.4 months, respectively. An Italian
single-center study which followed 413 patients between
2011 and 2021 from MM diagnosis, where 200 patients
started 2L, reported a median OS of 38.3, 24.0, 12.2, and
10.5 months at 2-5L. Median PES at 2-5L was 19.5, 10.3,
6.0, and 4.7 months, respectively [20]. In contrast, a Span-
ish study comparing RRMM patients at 2-3L treated with
and without anti-CD38 mADb reported a relatively mod-
est superior median PES in the anti-CD38 treated group
(22.4 vs. 20.9 months) [21]. The study enrolled patients
from 52 hospitals, and encompassed 171 RRMM patients
at first or second relapse between October 2017 and Octo-
ber 2019. However, the duration of follow-up in this study
was relatively short and median OS was not reached at the
time of the report.

Our study is associated with some limitations. As
this study was based on a real-world data source (clini-
cal records), missing data points may have influenced
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Fig. 3. Progression-free survival (PES) (A) and overall survival (OS) (B) at 2-6L in triple-class exposed (TCE) patients
(black) vs. patients not exposed (grey). TCE was defined as exposure to PI, IMiD and anti-CD38 mAb across all LOT,
including previous, ongoing as well as exposure in future LOT during follow-up. TCE patients exhibited significantly
(p < 0.05) superior median PFS at fourth line of therapy (L), and superior median OS at 2-4L
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Fig. 3. Cont. Progression-free survival (PFS) (A) and overall survival (OS) (B) at 2-6L in triple-class exposed (TCE)
patients (black) vs. patients not exposed (grey). TCE was defined as exposure to PI, IMiD and anti-CD38 mAb across all
LOT, including previous, ongoing as well as exposure in future LOT during follow-up. TCE patients exhibited signifi-
cantly (p < 0.05) superior median PFS at fourth line of therapy (L), and superior median OS at 2-4L.

the results. External validation and generalizability may
be impacted by the single-center study design. While our
center is among the largest hematology units in the Nordic
countries, the limited cohort size at a mainly metropolitan
hematology unit may introduce other confounding factors
such as socioeconomic status and treatment accessibility
that limit generalizability to other healthcare settings and
demographics. A systematic review analyzing outcomes
in patients with MM using data from 84 previous publica-
tions from 37 countries highlighted that ethnicity, age, and
socioeconomic factors impacted patient outcomes [22].
Furthermore, a Swedish nationwide registry study exam-
ining regional differences in survival outcomes found that
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patients with MM in one of six studied regions had signifi-
cantly different outcomes, suggesting that local treatment
guidelines may influence outcomes, even though national
recommendations exist in Sweden [23, 24].

Our results demonstrate significantly superior PFS in
cohort B at 2-6L, while the difference in OS was significant
only at 2-4L, but not 5L and 6L. This may be attributed to
the smaller sample sizes at later LOT (38 patients received
5L and 25 patients received 6L.), or to more aggressive dis-
ease biology at later LOT, leading to faster disease progres-
sion. Additionally, patients who progressed at 5 or 6L often
received salvage therapies that could extend OS without
necessarily affecting PES, further decoupling the two end-



Vincent Luong et al.

points at advanced stages. Furthermore, the lack of statisti-
cally significant differences in PFS in our separate analysis
of TCE patients compared to those not exposed may be re-
lated to our study design. We stratified patients into two
groups according to whether they were TCE during any time
point in their RRMM treatment journey, including ongoing
LOT at the most recent relapse. Consequently, early treat-
ment regimens may have been similar or even identical in
both cohorts, leading to similar PES. The difference in PFS
then diverges when patients are TCE at later LOT, such as
4L. Moreover, our definition of TCE may have contributed
to the difference in OS between TCE and non-TCE patients,
as patients receiving additional LOT are more likely to be
exposed to additional drug classes. To mitigate this, we
compared survival within the same line LOT, rather than
across entire patient groups.

The findings in our study highlight that RRMM pa-
tients relapsing after triple-drug class exposure represent
a growing population with significant unmet needs. In ad-
dition, novel drugs introduced during the study duration,
such as carfilzomib and venetoclax, may have impacted
outcomes. However, our data collection did not allow fur-
ther explorative analyses to confirm this hypothesis. Future
research should focus on the integration of novel modali-
ties such as bispecific antibodies and CAR-T cell therapy,
alongside optimizing treatment sequencing of currently
available drugs. Recently, in 2024, bispecific antibodies
were approved and reimbursed for use in the RRMM set-
ting in Sweden, as reflected in updated national guidelines
[23]. Clinical trials have demonstrated a large survival
benefit for patients with previous exposure to multiple
classes of drugs and multiple relapses [25, 26]. These im-
proved outcomes have been corroborated in recent reports
from real-world cohorts [27, 28]. However, outcomes in
large real-world cohorts remain to be studied in Sweden
and the Nordic countries. Additionally, despite the prom-
ising outcomes after CAR-T cell therapies in RRMM, their
use remains limited outside of clinical trials [29]. Further-
more, while both clinical trials and real-world evidence
show vastly superior outcomes in RRMM patients using
these novel immunotherapies, the timing of their use and
treatment sequence need to be clarified in future studies,
as well as assessment of their cost-effectiveness and the
possibility to personalize RRMM treatment [8, 30].

In summary, this study of a real-world RRMM patient
population at a Swedish tertiary hematology center indicated
that the use of modern treatment options improves patient
outcomes. Additionally, we observed improved survival in
patients exposed to all three main drug classes in modern
MM treatment: PI, IMiD, and anti-CD38 mAb. Although
these findings demonstrate the survival benefits of current
RRMM treatment, continued development of new treat-
ments with novel mechanisms of action is needed to further
improve the outcomes of our patients with MM, eventually
bringing hope of a possibility to cure the disease.

10

Acknowledgments

We thank all participating patients, as well as the ded-
icated staff at our department whose tireless work made
this research possible.

Funding

This study was supported by collaborative research
funding from Pfizer Inc. We also wish to acknowledge the
financial support from the Cancer Research Funds of Ra-
diumhemmet; the Swedish Cancer Society; the Iris, Stig
and Gerry Castenbick Foundation for Cancer Research;
and Vinnova (Sweden’s Innovation Agency).

Disclosures

This study was approved by the Swedish Ethical Re-
view Authority (ethical permit 2014/526-31/3 and 2019-
04973) and was conducted according to the Declaration
of Helsinki and the Guidelines for Good Clinical Practice.

The authors declare no conflict of interest.

References

1. Kumar SK, Rajkumar V, Kyle RA, et al. (2017): Multiple
myeloma. Nat Rev Dis Primers 3: 17046.

2. Kumar SK, Dispenzieri A, Lacy MQ, et al. (2014): Contin-
ued improvement in survival in multiple myeloma: changes
in early mortality and outcomes in older patients. Leukemia
28:1122-1128.

3. Kumar SK, Dimopoulos MA, Kastritis E, et al. (2017): Natu-
ral history of relapsed myeloma, refractory to immunomodu-
latory drugs and proteasome inhibitors: a multicenter IMWG
study. Leukemia 31: 2443-2448.

4. Kumar SK, Lee JH, Lahuerta JJ, et al. (2012): Risk of pro-
gression and survival in multiple myeloma relapsing after
therapy with IMiDs and bortezomib: a multicenter interna-
tional myeloma working group study. Leukemia 26: 149-157.

5. Atrash S, Mammadzadeh A, Peng F, et al. (2023): Outcomes
of penta-refractory multiple myeloma patients treated with or
without BCMA-directed therapy. Cancers (Basel) 15: 2891.

6. Moreau P, Kumar SK, San Miguel J, et al. (2021): Treatment
of relapsed and refractory multiple myeloma: recommenda-
tions from the International Myeloma Working Group. Lancet
Oncol 22: e105-e118.

7. Cornell RF, Kassim AA (2016): Evolving paradigms in the
treatment of relapsed/refractory multiple myeloma: increased
options and increased complexity. Bone Marrow Transplant
51: 479-491.

8. Bhatt P, Kloock C, Comenzo R (2023): Relapsed/refractory
multiple myeloma: A review of available therapies and clin-
ical scenarios encountered in myeloma relapse. Curr Oncol
30: 2322-2347.

9. Rafei H, Haroun F, Tabbara IA (2019): Novel immunother-
apeutic agents for the treatment of multiple myeloma. Am
J Clin Oncol 42: 317-329.

10. Chim CS, Kumar SK, Orlowski RZ, et al. (2018): Manage-
ment of relapsed and refractory multiple myeloma: novel

Central European Journal of Immunology 2026; 51



Improved outcomes in relapsed and refractory multiple myeloma: a single-center real-world analysis of evolving treatment standards

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

—_

22.

23.

24.

25.

26.

agents, antibodies, immunotherapies and beyond. Leukemia
32:252-262.

.Jadoon Y, Siddiqui MA (2021): Immunotherapy in multiple

myeloma. Cancer Treat Res Commun 29: 100468.

Shah N, Chari A, Scott E, et al. (2020): B-cell maturation
antigen (BCMA) in multiple myeloma: rationale for targeting
and current therapeutic approaches. Leukemia 34: 985-1005.
Mateos MV, Weisel K, De Stefano V, et al. (2022): LocoM-
Motion: a prospective, non-interventional, multinational
study of real-life current standards of care in patients with
relapsed and/or refractory multiple myeloma. Leukemia 36:
1371-1376.

Dimopoulos MA, Richardson P, Lonial S (2022): Treatment
options for patients with heavily pretreated relapsed and re-
fractory multiple myeloma. Clin Lymphoma Myeloma Leuk
22: 460-473.

Dimopoulos MA, Moreau P, Terpos E, et al. (2021): Multiple
myeloma: EHA-ESMO Clinical Practice Guidelines for diag-
nosis, treatment and follow-up(f). Ann Oncol 32: 309-322.
Rajkumar SV, Harousseau JL, Durie B, et al. (2011): Con-
sensus recommendations for the uniform reporting of clinical
trials: report of the International Myeloma Workshop Consen-
sus Panel 1. Blood 117: 4691-4695.

Rajkumar SV, Richardson P, San Miguel JF (2015): Guide-
lines for determination of the number of prior lines of therapy
in multiple myeloma. Blood 126: 921-922.

Blimark CH, Turesson I, Genell A, et al. (2018): Outcome
and survival of myeloma patients diagnosed 2008-2015. Re-
al-world data on 4904 patients from the Swedish Myeloma
Registry. Haematologica 103: 506-513.

Bruno AS, Willson JL, Opalinska JM, et al. (2020): Recent re-
al-world treatment patterns and outcomes in US patients with
relapsed/refractory multiple myeloma. Expert Rev Hematol
13: 1017-1025.

More S, Corvatta L, Manieri MV, et al. (2023): Real-world
assessment of treatment patterns and outcomes in patients
with relapsed-refractory multiple myeloma in an Italian hae-
matological tertiary care centre. Br J Haematol 201: 432-442.

. Rios-Tamayo R, Soler JA, Garcia-Sanchez R, et al. (2023):

A glimpse into relapsed refractory multiple myeloma treat-
ment in real-world practice in Spain: the GeminiS study.
Hematology 28: 2178997.

Mateos MV, Ailawadhi S, Costa LJ, et al. (2023): Global dis-
parities in patients with multiple myeloma: a rapid evidence
assessment. Blood Cancer J 13: 109.

Regionala cancercentrum i samverkan: Nationellt virdpro-
gram for myelom; version 3.2, Regionala cancercentrum
i samverkan. Stockholm, Sweden, 2024 [cited 2025 Feb].
Available from: https://kunskapsbanken.cancercentrum.se/
diagnoser/myelom/vardprogram.

Walinder G, Genell A, Juliusson G, et al. (2022): Regional
differences in treatment and outcome for myeloma patients in
Sweden: A population based Swedish myeloma register study.
Cancer Rep (Hoboken) 5: el1614.

Usmani SZ, Garfall AL, van de Donk N, et al. (2021): Teclis-
tamab, a B-cell maturation antigen x CD3 bispecific antibody,
in patients with relapsed or refractory multiple myeloma
(MajesTEC-1): a multicentre, open-label, single-arm, phase
1 study. Lancet 398: 665-674.

Lesokhin AM, Tomasson MH, Arnulf B, et al. (2023): Elra-
natamab in relapsed or refractory multiple myeloma: phase 2
MagnetisMM-3 trial results. Nat Med 29: 2259-2267.

Central European Journal of Immunology 2026; 51

27.

28.

29.

30.

Uttervall K, Titting L, Lemonakis K, et al. (2024): Effective-
ness and infectious complications of BCMA T-cell engagers
in treating multiple myeloma: Real-world evidence from Swe-
den. Cancer Med 13: €7048.

Riedhammer C, Bassermann F, Besemer B, et al. (2024): Re-
al-world analysis of teclistamab in 123 RRMM patients from
Germany. Leukemia 38: 365-371.

Manier S, Ingegnere T, Escure G, et al. (2022): Current state
and next-generation CAR-T cells in multiple myeloma. Blood
Rev 54: 100929.

Rodriguez-Otero P, San-Miguel JF (2022): Cellular therapy
for multiple myeloma: what’s now and what’s next. Hematol-
ogy Am Soc Hematol Educ Program 2022: 180-189.

11



