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The treatment landscape of multiple myeloma (MM) has evolved significantly over four decades, driven by novel therapies and
optimized supportive care. However, the attrition rate (AR), defined as the proportion of patients who die without advancing to the
next line of therapy (LOT) after treatment failure, remains a major challenge. To assess how treatment patterns and outcomes have
evolved, we analyzed 1,297 MM patients treated between 1980 and 2020, stratified by diagnosis period and age. ARs declined from
38-55% in the 1980s to 15-20% in 2010-2020, but remained high in older patients, with 46.9% of those over 80 unable to proceed
beyond first LOT. While progression-free survival gains were primarily observed in the first LOT (15.8 to 24.1 months, p = 0.001),
overall survival (OS) improved across all LOTs and age groups, likely due to more effective salvage therapies and supportive care.
Achieving a complete response in first-line therapy was associated with a significant OS benefit (4.5 vs. 1.6 years, p < 0.001),
underscoring its importance, as many patients, particularly older ones, are less likely to reach subsequent LOTs. Despite advances in
MM treatment, patient loss to attrition remains a challenge, highlighting the need for more effective therapies early in the disease

course.
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INTRODUCTION
Multiple myeloma (MM) is a clonal plasma cell proliferative
disorder characterized by subsequent relapses and a need for
successive lines of therapy (LOTs). While significant advancements
have been made in the therapeutic landscape for MM, the disease
remains incurable for most patients. In this setting, outcomes are
limited by the progressive development of treatment resistance,
lower response rates, and a shorter time to next treatment [1].

In a large cohort from three U.S. patient-level databases, more
than one LOT was given to 79% of autologous transplant
recipients, compared to only 43% of non-recipients [2]. This loss
of patients not able to receive the next LOT after failing the
previous one has been named the attrition rate (AR). Several
studies have demonstrated that ARs tend to increase with each
LOT [1, 3], with significant disparities based on factors such as
patient’s age, performance status, and treatment regimen [4].
Moreover, the particularities of different health systems have an
impact on treatment patterns and ARs. For instance, recent studies
have reported ARs ranging from 21% to 57% across different
healthcare settings [2, 3, 5, 6]. The AR can be particularly relevant
as it reflects the increasing challenges posed by cumulative
toxicity and treatment-related adverse effects, as well as disease
progression [5].

The incorporation of novel agents, including proteasome
inhibitors (Pl), immunomodulatory drugs (IMiD), and monoclonal

antibodies, has transformed the management of MM, improving
quality of responses and, consequently, survival outcomes [2, 7, 8].
However, treatment attrition still remains a challenge. Since many
patients may not reach later LOT, optimizing first-line therapy—
rather than reserving the most effective options for subsequent
lines—is critical, as achieving maximal progression-free survival
(PFS) early has a direct impact on overall survival (OS) [9].

Given the evolving treatment landscape of MM, real-world
studies with extended follow-up are crucial to understanding their
impact on AR and survival. This study analyzes treatment patterns
and long-term outcomes in a large cohort treated over 40 years.

PATIENTS AND METHODS
Study design and population
We conducted a retrospective review of clinical records of 1297 patients
diagnosed and treated for MM at our institution (tertiary care center) from
1980 to 2020. This analysis excluded patients with smoldering MM. Data on
demographic characteristics, clinical and laboratory features at diagnosis,
treatment strategies, and follow-up were extracted from a prospectively
maintained database, with the most recent update in December 2023.
Patients were stratified into four periods based on the decade of
diagnosis: 1980-89 (n = 180), 1990-99 (n = 291), 2000-09 (n = 306), and
2010-20 (n = 520). Additionally, age at diagnosis was categorized into four
groups, namely <60 years (n=558), 61-70 years (n=316), 71-80 years
(n=310), and >80 years (n = 113). The Durie-Salmon staging system was
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Table 1. Baseline Characteristics of Patients at Diagnosis.
Factor 1980-1989 1990-1999
N=180 N =291
Sex, females (%) 80 (44.4) 137 (47.1)
Age, years, median (IQR) 64 (56-72) 64 (53-72)
<60 years (%) 82 (45.6) 132 (45.4)
61-70 years (%) 39 (21.7) 72 (24.7)
71-80 years (%) 52 (28.9) 69 (23.7)
>81 years (%) 7 (3.8) 18 (6.2)
Isotype
19G (%) 99 (55.0) 161 (55.3)
1A (%) 53 (29.4) 78 (26.8)
Bence Jones (%) 23 (12.8) 39 (13.4)
Light chain, kappa (%) 90 (50.3) 169 (58.1)
Durie-Salmon staging
Stage Il (%) 110 (61.5) 159 (54.8)
Stage B (%) 49 (27.4) 63 (21.7)
ISS N=214
1 (%) — 56 (26.2)
Il (%) — 78 (36.4)
11 (%) — 80 (37.4)
ECOG-PS > 1 102 (73.4) 65 (41.7)

2000-2009 2010-2020 p-value
N =306 N =520

160 (52.3) 249 (47.9) 0.36
63 (54-72) 66 (57-76) 0.002
137 (44.8) 207 (39.8) 0.005
78 (25.5) 127 (24.4)

70 (22.9) 119 (22.9)

21 (6.9) 67 (12.9)

153 (50.0) 290 (55.9) 0.24
87 (28.4) 138 (26.6)

47 (15.4) 76 (14.5)

180 (58.8) 304 (58.6) 0.07
115 (39.0) 209 (40.7) <0.001
48 (16.3) 70 (13.6) <0.001
N =260 N=471 <0.001
94 (36.2) 148 (31.1)

79 (30.4) 152 (31.9)

87 (33.5) 171 (35.9)

33 (20.9) 112 (27.8) <0.001

IQR Interquartile range, Ig Immunoglobulin, ISS International Stage System, ECOG-PS Eastern Cooperative Oncology Group Performance Status.

used instead of the International Staging System (ISS) in the 1980-89
period.

Definitions and outcomes of interest

A LOT was defined as the administration of one or a combination of two or
more anti-MM agents, continued until either discontinuation for at least
60 days or the introduction of a new agent. Maintenance after ASCT was
considered part of the first-line therapy. The AR was defined as the
proportion of patients who died without receiving the next LOT after
failing the previous one. Time to next treatment or death (TTNTD) was
calculated as the interval between treatment initiation and either the start
of the subsequent LOT or death from any cause, whichever occurred first.
Treatment responses were assessed using different response criteria based
on the year of diagnosis [10-13]. The overall response rate (ORR) was
defined as the proportion of patients achieving a partial response (PR) or
better, defined by a>50% reduction in serum monoclonal (M) protein,
a>90% reduction in 24-h urine M-protein, and >50% reduction in the size
of soft tissue plasmacytomas if present at diagnosis. Complete response
(CR) was defined by a negative serum and urine immunofixation,
disappearance of any soft tissue plasmacytomas, and <5% bone marrow
plasma cells. Time-to-event analyses began at the time of MM diagnosis or
the initiation of a new relevant LOT.

Statistical analysis

Continuous variables were summarized as medians with interquartile
ranges (IQR) and compared using Student’s t-test, ANOVA, or appropriate
non-parametric methods. Categorical variables were presented as fre-
quencies and percentages, with statistical comparisons made using the
Cochran-Armitage test for trend in proportions. Median follow-up was
calculated using the reverse Kaplan-Meier method. ARs were reported for
all patients and across up to four LOTs.

Univariate and multivariate logistic regression models were employed to
identify factors associated with treatment response. Time-to-event
analyses began at the time of MM diagnosis for the first LOT or the
initiation of a relevant LOT in subsequent ones. Cox proportional hazards
regression with backward stepwise selection was utilized to identify factors
associated with OS. All statistical tests were two-tailed, with significance set
at an alpha level of 0.05. The statistical analyses were performed using
Stata v.11, RStudio 2024.04.1, and GraphPad Prism 8.2.1. The code used to
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generate the results is available from the corresponding author upon
reasonable request, due to the use of patient data subject to
confidentiality restrictions.

RESULTS

Patient characteristics

We analyzed data from 1297 patients treated between 1980 and
2020, with a median follow-up of 134 months (IQR 72-208).
Patient’s characteristics are summarized in Table 1. The median
age at diagnosis increased over time, from 64 years (IQR 56-72)
between 1980-89 to 66 years (IQR 57-76) (p < 0.002) in the most
recent period, mostly due to a significant rise in the percentage of
patients older than 80 years (up to 13%) in the last period studied.
Six hundred and seventy-one (51.7%) were males and 626 (48.3%),
females. Although patients were diagnosed at various disease
stages, a significantly higher proportion were diagnosed at an
earlier stage in the most recent decade (2010-2020). Compared to
the first period with ISS staging (1990-1999), more patients were
classified as ISS Stage | (31.1% vs. 26.2%, p < 0.001). Additionally,
compared to the earliest period studied (1980-1989), fewer
patients were diagnosed with a Durie-Salmon Stage Il score
(40.7% vs. 61.5%, p<0.001) or with renal insufficiency
(Durie-Salmon Stage B) (13.6% vs. 27.4%, p<0.001). The
functional status of patients at diagnosis, measured by the Eastern
Cooperative Oncology Group Performance Status (ECOG-PS),
showed a notable improvement over time, with the percentage
of patients having an ECOG-PS higher than 1 dropping from 73%
in the 1980-89 period to 28% in the 2010-2020 period (p < 0.001).
There was an increase in the proportion of patients who received
an ASCT from 29.9% in the second, 49% in the third, and 46.7% in
the fourth period.

Number of lines of treatment

The number of LOT received per patient increased in later periods.
The proportion of patients that received at least 3 LOT increased

Blood Cancer Journal (2025)15:103
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Table 2. Lines of treatment received per period.
LOT 1980-1989 1990-1999 2000-2009 2010-2020
n=180 n=291 n =306 n=>520
1 180 (100%) 291 (100%) 306 (100%) 520 (100%)
2 109 (60%) 193 (67%) 233 (76.1%) 305 (58.6%)
3 47 (26%) 121 (41.5%) 172 (56.2%) 203 (39%)
4 19 (10.5%) 53 (18.2%) 124 (40.5%) 130 (25%)
>4 7 (3.9%) 28 (9.6%) 70 (22.9%) 89 (17.1%)
LOT lines of treatment.
Treatment patterns by line and period
mm  Bor-T/R-based K-based mm  Bor-based CD38-based
T/R-based Pom-based Chemo-based mm Other
==l N
g 1 =
P 60
c
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é_“ 40+ " ‘
‘ | =
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Fig. 1 Treatment patterns by line of treatment and period. LoT line of
lenalidomide, B bortezomib, K carfilzomib, Pom pomalidomide.

from 26% between 1980-1989, to 56.2% between 2000-2009
(p<0.001), while the patients who received at least 4 lines
increased from 10.5% to 40.5% in this period (p <0.001). The
proportion of patients receiving more LOT in later periods is
probably underestimated due to a shorter follow-up. These data
are summarized in Table 2.

Treatment patterns

Treatment regimens evolved significantly over time with the
introduction of novel agents. Until 1999, nearly all patients
received chemotherapy across all treatment lines.

Between 2000 and 2009, chemotherapy remained the pre-
dominant first-line therapy (75.2%), though the use of bortezomib
(Bor) (10%) and thalidomide/lenalidomide (T/R) (11.1%) increased.
In second-line therapy, Bor-based regimens (40%) were most
common, followed by chemotherapy (36.9%) and T/R-based
regimens (30%). The distribution in third-line therapy was more
balanced, with chemotherapy (30%), Bor (24%), and T/R (24%),
while in fourth-line therapy, chemotherapy remained dominant,
though T/R and Bor continued to be used in a subset of patients.

By 2010-2020, treatment patterns shifted significantly, with Bor-
T/R-based regimens becoming the most frequent first-line therapy
(35.2%), followed by Bor-based regimens (31.3%). Chemotherapy
use declined to 15.4%, while T/R-based regimens alone were used
in 8.3% of patients. Anti-CD38 therapy was introduced in this
period but remained uncommon in first-line therapy (2.3%). In
second-line therapy, treatment distribution was more diverse, with
chemotherapy, T/R-based regimens, and carfilzomib (K) each used

Blood Cancer Journal (2025)15:103

treatment, Chemo chemotherapy, Bor bortezomib, T thalidomide, R

in about 20% of patients, followed by Bor-based (18%) and CD38-
based therapies (14%). Chemotherapy remained the most
frequent third-line therapy (18%), while T/R-based regimens were
used in 10% of patients, similar to Bor, K, pomalidomide, and
CD38-based therapies. In fourth-line therapy, CD38-based regi-
mens were the second most common (17%), while T/R-based
regimens were used less frequently (Fig. 1).

Attrition rate

In our cohort, all patients received first-line treatment. The AR
increased progressively with each LOT across all time periods.
Moreover, the AR for every LOT decreased over the successive
time periods. In the first time period (1980-1989), the AR was
37.8% after the first LOT, 55% after the second, and 59.6% and
63.2% after the third and fourth, respectively. In the 1990-1999
period, the ARs were 31.6%, 35.4%, 54.5%, and 43.4% after the
first, second, third and fourth LOTs, respectively. During
2000-2009, the ARs were 17.9%, 20.6%, 23.8%, and 36.3% for
the corresponding lines. Finally, in the most recent period studied
(2010-2020), the ARs were lower; 15% for both the first and
second LOT, 20.5% for the third, and 17.7% for the fourth LOT
(Fig. 2A and Supplementary Table 1).

Regarding the patient’s age at diagnosis and regardless of the time
period, the ARs were higher in older patients. For those under 60 years
of age, the AR was 19% after the first LOT, 17% after the second, and
26.2% after both the third and fourth. In contrast, for patients over 80,
the ARs were 46.9%, 50%, 69.2%, and 66.7% for the first, second, third
and fourth LOT, respectively (Fig. 2B and Supplementary Table 1).

SPRINGER NATURE
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Fig. 2 Attrition rate across successive lines of therapy. A Attrition rate by line of treatment and period. B Attrition rate by line of treatment and age.

When considering transplant status, the ARs were higher in
patients who did not undergo an ASCT, being 29.2%, 36%, 42.8%,
and 43.8% after the first, second, third and fourth LOT,
respectively. In comparison, patients who received an ASCT had
ARs of 11%, 10.7%, 18.8%, and 19.5%. These data are summarized
in Supplementary Table 1.

Time to next treatment or death

The TTNTD was shorter after each LOT. We also observed that
TINTD was more prolonged in the last two periods studied
(2000-2020), but only after the first and second LOT (p = 0.0003),
while no differences were observed after subsequent lines, where
TTINTD remained relatively stable across decades. After the first
line, TTINTD increased from 154 months in the 1980s to

SPRINGER NATURE

23.9 months in 2010-2020. In the second line, TTNTD was shorter
in 2010-2020 (8.1 months) compared to 2000-2009 (12.1 months),
possibly due to the earlier use of highly active agents in first-line
therapy during the last decade, leading to more resistant disease
at the time of second-line initiation. These results are summarized
in Table 3.

Regarding patient age, TINTD was significantly longer in
younger patients after the first LOT (p < 0.0001), likely due to the
use of more intensive treatment regimens. However, no significant
differences were observed regarding age in subsequent lines. This
may be explained by selection bias, as only patients who are fit
enough to continue treatment reach later lines, potentially
minimizing age-related differences. Among patients under 60
years, TTNTD progressively decreased from 26.8 months after the

Blood Cancer Journal (2025)15:103
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Table 3. Time to next line of treatment or death (months).

Time Period
LOT 1980-89 1990-99
1st to 2nd 15.4 (11.8-19.4) 16.5 (14.3-19.1)
2nd to 3rd 9.4 (5.5-22.2) 11.4 (9.0-14.0)
3rd to 4th 11.8 (9.7-28.1) 9.1 (5.7-17.4)
4th to 5th 12.9 (9.9-NR) 43 (29-11.4)
Age (years)
LOT <60 61-70
1st to 2nd 26.8 (23.3-31.3) 20.0 (16.4-23.7)
2nd to 3rd 9.2 (7.6-11.5) 10.6 (8.6-12.3)
3rd to 4th 8.1 (6.21-11.2) 7.3 (5.4-9.0)
4th to 5th 5.6 (4.2-8.1) 5.8 (2.8-10.4)

LOT lines of treatment, NR not reached.

first line to 5.6 months after the fourth. In those aged 61-70 years,
TTNTD ranged from 20.0 months in the first line to 5.8 months in
the fourth. In older age groups, TTINTD was generally shorter,
particularly in patients over 80, where it remained around
9 months across all lines. Detailed age-related data are presented
in Table 3.

Responses

Treatment responses improved significantly across all LOT over
the decades. For first-line therapy, ORR increased from 46.7% in
1980-89 to 75.5% in 2011-20 (p<0.001), while second-line
therapy resulted in an ORR rise from 19.3% to 53.1% over the
same periods (p <0.001). Similar improvements were observed
after third- and fourth-line therapies, with ORRs increasing from
15.6% and 5.9% in 1980-89 to 41.2% and 37.8% in 2011-20,
respectively. CR rates also improved significantly in recent
decades. Among patients diagnosed between 1980 and 1989,
only one achieved CR, and it occurred in third-line therapy. In
contrast, in the last period studied (2011-20), CR rates reached
16.4% in the first line, 10.4% in the second, 8.8% in the third, and
5.5% in the fourth (Fig. 3A).

Regarding age, the responses declined with increasing patient’s
age and successive LOT. However, the differences regarding the
age of the patient in the ORR are only statistically significant in the
first LOT (p <0.001), probably due to the small number of older
patients treated in later lines. Younger patients (<60 years)
demonstrated the most favorable outcomes, with an ORR of 67.9%
in the first line, including a 13% CR rate (p = 0.001), and an ORR of
32% in the fourth line, with a CR rate of only 5.8%. Among patients
aged 61-70 years, the ORR dropped from 64.9% (CR 12%) in the
first line to 25.5% (CR 4.1%) in the fourth. For those aged 71-80
years, the decline was more pronounced, with ORRs falling from
53.9% (CR 6.1%) to 24.6% (CR 1.8%). The oldest group (> 80 years)
achieved only a 43.4% ORR and 3.5% CR in the first line, and an
ORR of 16.7% with no CR by the fourth line (Fig. 3B).

Progression-free survival and overall survival
In the earlier periods, PFS was more limited, consistent with the
use of conventional chemotherapy and the absence of novel
agents. PFS improved significantly for first-line therapy across
the studied periods, increasing from a median of 15.8 months
(95% Cl, 13.3-20.5) in 1980-89 to 24.1 months (95% Cl,
20.9-28.1) in 2010-20 (p = 0.001). In contrast, over the different
time periods, no significant improvement in PFS was observed
after second-line or subsequent treatments (Fig. 4A and
Supplementary Table 2).

Age at diagnosis only showed a significant effect in the first
LOT. Patients aged <60 years exhibited the longest PFS in the first

Blood Cancer Journal (2025)15:103

2000-09 2010-20 p-value
22.9 (19.1-26.6) 23.9 (20.1-27.2) 0.0003
12.1 (10.8-14.5) 8.1 (6.1-10.5) 0.0003
6.7 (5.5-8.9) 7.2 (5.7-9.5) 0.06
5.1 (3.5-9.8) 5.7 (4.2-7.8) 0.16
71-80 =81 p-value
16.0 (14.0-17.7) 9.7 (6.9-16.5) <0.000
13.5 (9.8-16.7) 10.2 (4.2-17.7) 0.79
7.5 (5.4-12.2) 7.0 (4.24-NR) 0.35
5.5 (3.6-10.0) 9.3 (5.03-NR) 0.50

line, with a median of 27.6 months (95% Cl, 24.3-32.4), compared
to 20.9 months (95% Cl, 17.3-24.3) for patients aged 61-70 years,
16.4 months (95% Cl, 14.7-18.5) for those aged 71-80 years, and
10.3 months (95% Cl 8.1-17.5) for patients aged >80 years
(p <0.0001). However, in subsequent lines, no differences in PFS
were found across age groups, with median PFS of approximately
8, 6, and 4 months in the second, third, and fourth lines,
respectively (Supplementary Table 3 and Supplementary Fig. 1).

OS has also significantly improved over time. Median survival
increased progressively from 26.5 months (95% Cl, 22.4-34.5) in
1980-89 to 70.7 months (95% Cl, 61.5-82.7) in 2010-20 for first-
line therapy (p <0.001), from 11.0 months (95% Cl, 7.2-15.7) to
42.6 months (95% Cl, 32.8-51.5) for second-line (p <0.001), from
10.2 months (95% Cl, 7.4-22.6) to 24.7 months (95% Cl, 21.2-33.2)
for third-line (p = 0.002), and from 14.2 months (95% Cl, 5.52-53.5)
to 18.0 months (95% Cl, 14.6-26.4) for fourth-line therapy
(p=0.76; Fig. 4B and Supplementary Table 2). OS decreased
progressively with age across all therapy lines. For first-line
therapy, younger patients (under 60 years) had the highest OS
(70.5 months), while those over 80 had the lowest (24.4 months)
(p <0.001). In second-line therapy, OS ranged from 36.4 months
for patients under 60 to 19.3 months for those over 80 (p = 0.012).
For third- and fourth-line therapies, OS differences by age were
less pronounced and not statistically significant (p =0.48 and
p = 0.83, respectively). (Supplementary Table 3 and Supplemen-
tary Fig. 1).

Progression-free survival and overall survival according to
treatment regimen

While the global analysis of PFS showed significant improvement
only in first-line therapy, specific novel regimens introduced
during 2000-2009 and 2010-2020 contributed to meaningful PFS
and OS gains in later lines.

Between 2000 and 2009, Bor-T/R-based regimens in first-line
therapy achieved a PFS of 51.1 months, compared to
27.4 months for Bor-based therapies (p=0.086), translating
into OS gains of 96.3 and 79.0 months, respectively (p = 0.04). In
second-line therapy, no significant PFS differences were
observed, but OS was notably prolonged with K-based
(68.6 months), Bor-based (38.1 months), and T/R-based thera-
pies (41.9 months), compared to chemotherapy (17.3 months,
p <0.0001). However, sample sizes were small, with only 2
patients receiving CD38-based and Bor-T/R-based regimens,
both of whom had not reached PFS and OS. In third-line
therapy, K-based regimens showed the highest PFS
(35.2 months, p=0.0011), followed by CD38-based regimens
(32.1 months), though patient numbers were low (4 and 5,
respectively). OS varied significantly by treatment, with OS not
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Fig. 3 Response rate across successive lines of therapy. A Overall response rate by line of treatment and period. B Overall response rate by
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reached in CD38-based and K-treated patients (p < 0.0001). In
fourth-line therapy, no significant PFS differences were found,
and the use of K-based, CD38-based, and triplet regimens was
minimal (Supplementary Fig. 2).

Between 2010 and 2020, first-line therapy further improved,
with Bor-T/R-based regimens achieving a PFS of 44.5 months,
CD38-based combinations reaching 35.5 months, and K-based
therapies achieving 30.3 months (p < 0.0001). OS was not reached
in the CD38 group, whereas it reached 106.0 months in Bor-T/R-
treated patients, compared to 31.7 months with chemotherapy
(p <0.0001). In second-line therapy, K-based regimens had a PFS
of 19.8 months, and CD38-based therapies reached 11.9 months,
both surpassing chemotherapy (6.2 months, p = 0.0022). OS in this
setting was significantly prolonged, with survival not reached in
pomalidomide-based, CD38-based, and K-based regimens, com-
pared to 21.6 months with chemotherapy (p < 0.0001). The use of
Bor-T/R regimens in this line was minimal (Fig. 5). In third-line
therapy, PFS differences were not statistically significant, and OS
was at the limit of significance (p=0.19 and p =0.05, respec-
tively). In fourth-line therapy, PFS was longer in the Bor-T/R and
T/R-based groups (8.3 months each) than in the chemotherapy
group (2.7 months), though OS differences between treatment
groups were not significant (Supplementary Fig. 3).
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Survival impact of CR achieved after 1st line of therapy
Achieving a CR after the first LOT has emerged as an important
factor in improving long-term outcomes in MM. Therefore, we
evaluated the impact on survival of attaining CR in first-line
therapy. Survival was measured from the date CR was achieved to
avoid immortal time bias to ensure that survival outcomes
accurately reflected the effect of CR, independent of time already
survived before response.

Our results indicate that patients who achieved CR had a
median OS of 4.5 years (95% Cl 3.9-4.9), compared to 1.6 years
(95% Cl 1.35-2.11) for those who did not achieve CR (p < 0.001)
(Supplementary Fig. 3). This association remained statistically
significant after adjusting for age, sex, Durie-Salmon stage, renal
function, performance status, and the treatment period, as
assessed through multivariate analysis (Supplementary Table 4).
These adjustments confirm that achieving CR is independently
associated with longer OS across various patient subgroups.

DISCUSSION

In the current study, we analyzed a series of 1297 MM patients
treated over a 40-year period, with a median follow-up of 11 years.
This long-term follow-up offers a unique opportunity to examine
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real-world treatment patterns, ARs, and survival outcomes across
four decades of evolving MM management.

ARs in our study reflect a consistent pattern seen in similar
studies in other countries. Our results show an improvement in AR
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in recent periods, probably reflecting earlier diagnosis, access to
newer therapeutic options, and optimized supportive care
practices in recent decades, such as more effective antibiotic
treatments and transfusion protocols.
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Moreover, earlier diagnosis allows initiating therapy in less
advanced disease stages, with more preserved renal function and
better performance status, which allows using more intensive
treatments. For instance, our ARs after the first and second LOT in
the 2010-2020 period were both 15%, compared to 38% and 55%,
respectively, in the 1980-1989 period. In later LOT, dynamics may
differ. As options narrow and disease worsens, decisions are
driven more by urgency and overall care goals than by response
depth. This may explain the stable attrition beyond the third line
despite advances. Still, our data show clear progress: ARs after
third and fourth lines remained at 18-20% recently, down from
nearly 60% in the earliest period.

Since no similar studies include data prior to 2008, direct
comparisons can only be made for the most recent period. When
focusing on this period, our ARs are consistent with reports from
the Austrian Myeloma Registry, which reported ARs of 19% after
first-line therapy and around 22% for subsequent lines and the
Italian study, which showed ARs ranging from 26% to 37% across
first to fifth lines [5, 6]. In contrast, higher ARs have been observed
in U.S. datasets, with up to 50% in patients not undergoing ASCT
and 21-37% in ASCT recipients. These differences could be
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attributed to differences in patient populations, healthcare
systems, access to novel therapies, and the definition of the AR [2].

Differences in AR definitions make direct comparisons between
studies difficult. Some include only patients who die or progress,
while others also count those lost to follow-up or still in remission.
U.S. databases often use a broader definition, considering any
patient not receiving a next LOT, which may overestimate
attrition. In contrast, the Canadian Myeloma Research Group
defined AR more narrowly, including only those who failed to
continue due to progression or death, and excluding patients in
remission off-treatment [14]. To illustrate the variability in how
attrition is reported, we summarized key data from major studies
in MM (Supplementary Table 5), underscoring the need for
standardized definitions.

Despite significant improvements in OS across all therapy lines,
PFS only improved significantly in the first line. This aligns with
other studies showing declining response rates and treatment
durations with successive lines due to increasing treatment
resistance and disease progression [15, 16]. The relatively modest
PFS observed during the earlier decades likely reflects the absence
of novel agents, particularly Pl, IMiDs, and anti-CD38 monoclonal
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antibodies, which only became widely available in the later
periods. This evolution in therapeutic strategy has had a clear
impact on disease control and attrition across all LOTs. None-
theless, these benefits are diluted in global analyses due to high
AR and treatment heterogeneity. The increased OS despite limited
PFS gains reflects the impact of effective salvage therapies and the
higher proportion of patients receiving multiple LOT in recent
years. While PFS improvements remain concentrated in first-line
treatment, introducing triplets and novel agents has extended
disease control and OS across successive lines. Other contributing
factors could be improved supportive care, as well as earlier
diagnosis and better patient fitness in the most recent decades
[15, 16].

Beyond pharmacological and supportive advances, behavioral
factors may also explain recent declines in AR. Patients achieving
deep responses like CR or sustained minimal residual disease
(MRD)-negativity may be more willing to continue therapy despite
toxicity, and physicians are more likely to support it when efficacy
is clearly demonstrated. In the phase 3 PERSEUS trial, D-VRd
showed lower discontinuation due to toxicity (9.1% vs. 22.5%) and
higher CR (87.9%) and MRD-negativity (75.2%) than VRd, despite
its greater intensity, highlighting how perceived benefit can
reduce dropout [17].

Although the prognostic value of CR is well established, our
results provide robust confirmation of its impact on survival in
real-world clinical practice. This reinforces the rationale for
response-adapted treatment strategies and further supports the
growing interest in minimal residual disease (MRD) as a potential
surrogate endpoint, especially as deeper responses become
increasingly achievable in early LOT.

While our study provides valuable insights, it is not without
limitations. The retrospective design and single-center nature
may introduce bias and limit generalizability. However, the
long-term, prospectively maintained database ensures consis-
tent data, detailed clinical information, and complete follow-
up. As a major referral center for MM in Catalonia, our
institution covers a broad patient population, enhancing the
real-world relevance of these findings. Still, future multi-center
or registry-based studies would help validate and expand
these results. Additionally, variations in treatment protocols
and patient characteristics across regions and studies compli-
cate direct comparisons. Nevertheless, these differences are
themselves valuable, reflecting the diversity of real-world
practice and the influence of healthcare systems on treatment
access and outcomes. Unlike larger registry-based studies,
such as Fonseca et al.,, our continuously updated long-term
database allows for a more detailed exploration of patient
characteristics and treatment responses, enabling a deeper
understanding of treatment patterns and outcomes. Finally,
we are aware that stratification reduced sample sizes in some
subgroups, possibly affecting statistical power. However, the
robustness of the data and long-term follow-up support the
validity of our findings.

It is important to note that anti-CD38 monoclonal antibodies
and quadruplet regimens have been introduced more recently as
part of first-line therapy, leading to their underrepresentation in
our study. With extended follow-up, we will be able to assess their
real-world impact, along with the effects of emerging therapies
such as bispecific antibodies and CAR-T cell therapies in this
clinical setting.

In summary, our study demonstrates a significant decrease in
the AR over the years, with 15-20% of patients being lost after
each LOT in the most recent period. A significant proportion of
patients received three or more LOT in recent decades. There is a
significant prolongation of PFS with the first line of treatment,
while no differences were observed in subsequent lines when
analyzed globally. However, when stratified by treatment regi-
mens, PFS improvements become evident, particularly with the
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incorporation of novel agents such as anti-CD38 monoclonal
antibodies and carfilzomib, which have contributed to prolonged
disease control in later lines. A prolongation of OS is also observed
over time, likely related to the greater availability of salvage
treatments, earlier diagnosis, and improved supportive care.
Further therapeutic advancements in MM treatment and wider
access to emerging therapies are essential to continue improving
outcomes, both in the first line and particularly in subsequent
treatment lines, and also in older patients, where attrition
remains high.
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