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Managing multiple myeloma (MM) patients receiving advanced (four or more) lines of
treatment is a complex challenge. Therefore, real-world data are essential to better
understand and address the medical need of this challenging population. We used the
EMMY cohort, a French longitudinal real-world study, to describe the characteristics and
outcomes of 2127 MM patients receiving advanced-line treatments between 2017 and
2020. A wide variety of treatments were used without a predominant combination
showing an evolution over time. Patients exhibited median time to next treatment and
overall survival ranging from 7.8 months (95% CI: 6.7-7.8) and 19.4 months (95% CI:
17.4-22.5) in Line 4 (L4) to 4.8 months (95% CI: 3.5-6) and 12.6 months (95% CI: 8.7-16.6)
in L8, respectively. The EMMY study provides valuable insights into the real-world
application of advanced-line treatments, demonstrating rapid disease progression and
poor outcomes in these patients before the novel anti-B-cell maturation antigen (BCMA)
directed therapies. These findings highlight the critical need for novel therapies in this
population.

INTRODUCTION

Multiple myeloma (MM) is a common hemopathy whose
prognosis has significantly improved in the last decade.
This is mainly due to the emergence of many new treat-
ments which are more effective and better tolerated. How-
ever, despite this progress, MM patients eventually relapse
and require multiple lines of treatment (LOT). Factors such
as the patient’s comorbidities, previous treatments, and

available options influence treatment choice. Therefore,
managing patients receiving advanced LOT (four or more)
remains a significant clinical challenge.! Numerous clinical
trials in relapsed or refractory MM (RRMM) have demon-
strated the clinical benefit of new agents like bispecific
T-cell engagers and chimeric antigen receptor T-cells.2">
However, in the real- world, most patients with RRMM are
not eligible for such trials, particularly those at more ad-
vanced lines.® Within an ever-evolving landscape of MM
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treatments, understanding the characteristics and real-life
outcomes of these advanced-line patients is essential.
However, there have been few real-world studies describing
this population so far. To address this, we used the real-
world French study EMMY (Epidemiology of Multiple
MYeloma)7:8 to determine the characteristics and outcomes
of patients with MM receiving advanced LOT.

MATERIALS AND METHODS

EMMY is a descriptive, multicenter, non-interventional,
longitudinal cohort study conducted across 73 centers af-
filiated with the “Intergroupe Francophone du Myélome”
(IFM).” It is registered in the French Health Data Hub (n°
F20220518161845) and conducted in compliance with the
principles of the Declaration of Helsinki. From 2017 to
2020, the study included patients who began a new treat-
ment (irrespective of the treatment line) for symptomatic
MM within a defined annual three-month period.

Patient data were extracted from medical records and
collected at each center via an electronic case report form,
then centralized within the study database. A scientific
committee has conducted annual data quality control. In-
formation on age, Eastern Cooperative Oncology Group
performance status (ECOG PS) score, International Staging
System (ISS) score, presence of high-risk cytogenetic ab-
normalities (t(4;14) or a del(17p) mutation assessed using
fluorescence in situ hybridization [FISH] analysis), data on
prior treatments and refractoriness to these were gathered
for each patient enrolled in the study. Annually, selected
data on myeloma treatment, response, and medical history
were retrospectively updated through 2021 at the time of
the analysis.

This EMMY dataset was used to generate a cohort of pa-
tients receiving advanced LOT, in which all patients start-
ing a fourth-line of treatment (L4) or beyond, during the
different data collection periods, as well as those initially
enrolled on a previous line of therapy who later received L4
or beyond during follow-up, were included.

Key endpoints were time to next treatment (TTNT), pro-
gression-free survival (PFS), and overall survival (OS) de-
fined from the time of the treatment initiation to the sub-
sequent treatment line or death, disease progression or
death, and death from any cause, respectively.

In a real-world setting, patient progression to a treat-
ment line and response rate were assessed using a com-
posite variable combining two complementary approaches:
one based on physician judgment and documented treat-
ment response, and another relying on monthly clinical and
biochemical assessments aligned with the IMWG criteria.
Progression was confirmed if either approach, or both, in-
dicated disease progression. The best response rate was de-
termined based on the best response identified from both
approaches.

The Kaplan-Meier method was used to generate survival
curves and estimate survival probabilities with their 95%
confidence intervals (95% CI).

RESULTS

PATIENT CHARACTERISTICS

From 2017 to 2020, 3616 patients were included in the
EMMY study, as shown in Figure 1. Among these patients,
a L4 or beyond was initiated 2127 times. The patient dis-
tribution was as follows: 786 patients received L4, 585 a
fifth-line (L5), 380 a sixth-line (L6), 231 a seventh-line (L7),
and 145 an eighth-line treatment (L8). Baseline character-
istics of the patients and their disease are detailed in Table
1. At the initiation of L4, the median age was 72.7 years
(range 27.8-94.8), and 426 patients (68.4%) had an ECOG
PS score of 0 or 1. For Cohort L4, An 11-h , 35.7% of pa-
tients had high-risk cytogenetics, and 44.1% were classi-
fied as ISS stage III. The median time from diagnosis of
MM to L4 was 53.9 months (range 4.3-322.6). An increas-
ing proportion of patients with triple-class refractory (TCR)
myeloma was observed across the lines: 24.4% in L4, 32.4%
in L5, 55.8% in L6, 71.4% in L7, and 71.7% in L8. Similarly,
refractoriness to lenalidomide and anti-CD38 monoclonal
antibodies (mAbs) increased with the number of treatment
lines.

TREATMENTS

Among the enrolled patients, a diverse array of treatments
was utilized, such as corticosteroids, proteasome inhibitors
(PIs), immunomodulatory drugs (IMiDs), alkylating agents,
mADbs, B-cell maturation antigen (BCMA)-targeted thera-
pies, and various other combinations (Figure S1 and Table
S1). In L4, 363 patients received treatment combinations
including a PI (46.2%), 346 including an IMiD (44%), 284
including an anti-CD38 mAb (36.1%), and 196 including an
alkylating agent (24.9%). The most routinely used IMiD,
anti-CD38 mAb, and PI were pomalidomide (31.3%), dara-
tumumab (30.3%), and carfilzomib (22.9%), respectively.
The most frequently used treatments evolved across the
LOT, with a decrease in conventional MM therapies (PIs,
IMiDs, anti-CD38 mAbs) and an increase in alkylating
agents and innovative treatments such as BCMA-targeted
therapies and B-cell lymphoma 2 inhibitors. For example,
the use of pomalidomide decreased across the lines (31.3%
in 14, 19.5% in L5, 10.3% in L6, 10.8% in L7, and 5.5% in
L8), whereas the use of belantamab mafodotin increased
(2.7% in L4, 6% in L5, 6.6% in L6, 10.4% in L7, and 17.9% in
L8). For L4 patients, the most frequently received regimens
were carfilzomib-dexamethasone (10.2%), pomalidomide-
dexamethasone (9.4%), daratumumab-bortezomib-dexam-
ethasone (9%), daratumumab-dexamethasone (6.9%), isat-
uximab-pomalidomide-dexamethasone (5.5%),
daratumumab-pomalidomide-dexamethasone (5%), and
pomalidomide-cyclophosphamide-dexamethasone (4.8%).
An evolution in these regimens was also observed over the
years of initiation of the line of interest (Figure S2).

OUTCOMES

In L4, the median follow-up was 5.4 months (range 0-54.4).
Within this cohort of 786 patients, the overall response rate
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Figure 1. Flow-chart of the EMMY study.
Table 1. Patient characteristics at initiation of each line of treatment
L4 L5 L6 L7 L8
n=786 n=585 n=380 n=231 n=145
Median age at initiation of line of interest. 72.7(27.8- 71.6(36.2- 71.4(36.4 - 70.4 (44.1- 69.4(45.1-
years 94.8) 95.2) 96) 92.4) 92.6)
Median time from diagnosis to line of 53.9(4.3- 67(9.3- 80.9(21.4- 91.8(22.9 - 103 (27 -
interest. months 322.6) 342) 252.5) 273.1) 269.7)
ECOGPS, n (%)
0-1 426 (68.4%) 307 (67.3%) 203 (69.8%) 122 (68.5%) 79 (66.4%)
22 197 (31.6%) 149 (32.7%) 88 (30.2%) 56(31.5%) 40 (33.6%)
ISS score, n (%)
| 133(29.8%) 83(26.3%) 58(29.3%) 31(24.8%) 21(26.3%)
1 115(25.7%) 75(23.8%) 40 (20.2%) 30 (24%) 19(23.8%)
1 197 (44.1%) 156 (49.5%) 99 (50%) 64 (51.2%) 40 (50%)
HR cytogenetics, n (%)
Yes 116 (35.7%) 90 (35.3%) 52(30.1%) 31(27.7%) 15(23.8%)
No 209 (64.3%) 165 (64.7%) 121(69.9%) 81(72.3%) 48 (76.2%)
Refractory status, n (%)
Not refractory 77 (9.8%) 33(5.6%) 9(2.4%) 3(1.3%) 1(0.7%)
Lenalidomide refractory 619 (78.8%) 502 (85.8%) 339(89.2%) 214 (92.6%) 134 (92.4%)
Anti CD38 mAb refractory 297 (37.8%) 326 (55.7%) 272 (71.6%) 189 (81.8%) 121(83.4%)
Triple class refractory 192 (24.4%) 255(32.4%) 212 (55.8%) 165 (71.4%) 104 (71.7%)

ISS International Staging System, HR High-risk, ECOG PS Eastern European Oncology Group Performance status, L line of treatment, mAb monoclonal antibodies.

(ORR) was 50.9% with 37.3% of patients achieving a very
good partial response or better and 13.7% achieving a par-
tial response. Fifty-three patients (7.4%) maintained stable
disease, while 298 (41.7%) experienced primary progressive
disease. The ORR declined progressively across LOT, re-
flecting a diminishing treatment efficacy with subsequent
regimens: 44.3% in L5, 39.2% in L6, 39.2% in L7 and 33.9%
in L8.

Among L4 patients, 556 (70.7%) discontinued treat-
ments, primarily due to disease progression in 377 patients
(48%) and side effects in 91 (11.6%). Among L4 patients,
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388 (49.4%) received subsequent therapies and the median
TTNT was 7.8 months (95% CI: 6.7-7.8) (Figure 2). This
time decreased across the LOT: 7 months (95% CI: 6-8.2) in
L5, 5.1 months (95% CI: 4.3-6.1) in L6, 5.5 months (95% CI:
4.7-6) in L7, and 4.6 months (95% CI: 3.5-6) in L8.

The median PFS decreased with each subsequent line:
6.8 months (95% CI: 6-7.7) in L4, 5.8 months (95% CI:
4.8-6.6) in L5, 4 months (95% CI: 3.4-4.9) in L6, 4.7 months
(95% CI: 3.9-5.3) in L7, and 4 months (95% CI: 2.8-5.3) in
L8 (Figure S3A). The median OS was 19.4 months (95%
CI: 17.4-22.5) in L4, decreasing to 15.1 months (95% CI:
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Figure 2. Time to Next Treatment in patients with advanced line therapy by treatment line.

13.4-16.9) in L5, 13.8 months (95% CI: 11.6-16.7) in L6,
14.5 months (95% CI: 11.3-18.7) in L7, and further reducing
to 12.6 months (95% CI: 8.7-16.6) in L8 (Figure S3B).

Refractory status had a direct impact on patient survival
in advanced-line therapies. In the overall cohort, the me-
dian PFS was 3.9 months (95% CI: 3.5-4.3) for patients who
were TCR, compared to 6.9 months (95% CI: 6.3-7.7) for
those who were not (Figure 3A). Similarly, median OS was
10 months (95% CI: 9.8-12.1) and 19.9 months (95% CI:
18.3-22.4), respectively (Figure 3B).

DISCUSSION

Thanks to the growing availability of new treatments and
the improved survival rates in MM, an increasing number of
patients are receiving advanced LOT. The large-scale, mul-
tisite EMMY study presents a unique opportunity to gather
real-world data, capturing the evolving therapeutic land-
scape and outcomes of over 2,000 patients undergoing L4
or beyond.

A strength of our study lies in the real-world data ob-
tained from a large and homogeneous cohort, the patient
characteristics of which were similar to other real-world
analyses.10 The representativeness of our population pri-
marily stems from the EMMY study methodology, which
ensures comprehensive patient inclusion, particularly for
those in advanced-line treatment. However, our population
is older and frailer than those in clinical trials.2-511 For
instance, in the phase 2 STORM study,!! evaluating se-
linexor for TCR MM, the median age was 65.2 years, and
88% of patients had an ECOG PS score of 0 or 1. These dif-
ferences underscore the discrepancy between clinical trials
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and real-world populations, and the high proportion of in-
eligible patients in advanced treatment lines. We identified
a significant proportion of patients with high-risk features
(high-risk cytogenetics, ISS stage III, TCR), highlighting the
complexity of managing those who face numerous relapses.

We characterized the diversity and heterogeneity of real-
world advanced-line treatment patterns. Indeed, no single
treatment or combination of treatments was used prefer-
entially. Similarly, the international LocoMMotion study, !©
a real-world, prospective study in triple-class exposed pa-
tients, reported 91 unique treatment regimens. Likewise,
based on data from the French National Health Data Sys-
tem, Touzeau et al.!2 described the treatment patterns used
for 12,987 patients with RRMM between 2014 and 2018.
The heterogeneity of treatments was also observed starting
from L3. The diversity, heterogeneity and scalability of
treatment landscapes in advanced lines emphasize the
complexity of managing this population, the absence of
standard-of-care therapy and the necessity of personalized,
case-by-case approaches. Moreover, we observed an evolu-
tion in treatments over successive lines and years of initi-
ation, reflecting the continuous progress in the myeloma
therapeutic arsenal and its rapid impact on managing our
patients in advanced-line therapy.

Like other real-world studies,0:13-15 we showed that ad-
vanced-line patients presented rapid disease progression,
with median TTNT and PFS ranging from 7.8 months and
6.8 months in L4 to 4.8 months and 4 months in L8, re-
spectively. Their outcomes remain poor, with median OS
ranging from 19.4 months in L4 to 12.6 months in L8. No-
ticeably, the median PFS and TTNT in our study are very
similar, underscoring the quality of the EMMY data and the
accurate estimation of the incidence of disease progression
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Figure 3. Progression free survival (A) and overall survival (B) in patients with advanced line therapy by

refractory status

in real-life settings. It is intriguing to compare our results
with those of another French study!> in which Leleu et al.
reported a median TTNT of 5.7 months and a median OS of
16.1 months in L4. These different results can be explained
by their earlier inclusion period (from 2013 to 2017) and
emphasize the permanent need for more effective treat-
ments at later lines. Additionally, like in other reports,16:
17 jt should be noted that there are few treatment discon-
tinuations due to side effects, despite advanced-line ther-
apy. One possible explanation is that patients who tolerate
therapy well are more likely to proceed to later LOT. Finally,
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similar to previous studies,!318 our analysis of patient out-
comes underscored the relevance of refractory status, espe-
cially for TCR patients who have a poorer prognosis, with a
median OS of 10 months.

It is important to note some limitations of our study.
The retrospective design explains the absence of some data,
such as quality of life assessments, which remain crucial
for this population. Additionally, while we reported the
overall treatment discontinuation rate due to adverse ef-
fects, we could not analyze toxicity by regimen due to the
heterogeneity of treatments in this population. Further-
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more, the study enrollment period (from 2017 to 2020) did
not include novel therapies approved since 2020, such as
BCMA-targeted therapies approved in France (teclistamab,
elranatamab, and idecabtagene vicleucel). On subsequent
evaluations, we will be able to measure the direct impact of
these therapies on the real-world management of our pa-
tients.

Overall, the EMMY study provides us a deeper under-
standing of the characteristics, treatment landscape, and
real-world outcomes of advanced-line patients. It demon-
strates the heterogeneity and rapid evolution of the treat-
ments used, as well as the poor prognosis of this popula-
tion, emphasizing a real unmet medical need. The EMMY
cohort could serve as a valuable benchmark for comparison
with novel therapies approved from clinical trials and for
assessing their impact in real-life settings.
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