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Despite the astonishing outcomes after chimeric antigen receptor (CAR) T-cell therapy for relapsed refractory multiple myeloma
(RRMM), most patients eventually relapse. There are only limited data available on salvage therapies following relapse after BCMA-
directed CAR T-cell therapy. Here, we analyzed outcomes of post-CAR T-cell therapy relapse and impact of different salvage
strategies in an international cohort of 139 patients (n= 130 ide-cel, n= 9 cilta-cel), receiving talquetamab (n= 28), teclistamab
(n= 37), combinations of immunomodulating drugs (IMiDs), proteasome inhibitors (PIs) or CD38 monoclonal antibodies (n= 43),
and others (n= 31). The median time to relapse after CAR T-cell therapy was 5 months, 53% had the extramedullary disease (EMD)
at relapse, associated with dismal post-relapse outcome (P= 0.005). Overall response and complete response upon salvage
therapies were 79% and 39% for talquetamab, 64% and 32% for teclistamab, 30% and 0% for IMiDs/PIs/CD38, and 26% and 3% for
others (P < 0.001). Duration of response, as well as median survival, was significantly improved with bispecific antibodies (P < 0.001,
respectively). Bispecific antibodies seemed to overcome the poor prognosis associated with early relapse and EMD, and were
independent predictors for improved survival in multivariable analysis. In summary, these results suggest bispecific antibodies as
the standard of care for relapse after CAR T-cell therapy for RRMM.
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INTRODUCTION
Chimeric antigen receptor (CAR) T-cells have revolutionized the
treatment of triple-class exposed (TCE) patients with relapsed/
refractory multiple myeloma (RRMM) [1, 2]. Idecabtagene vicleucel
(ide-cel) and ciltacabtagene autoleucel (cilta-cel) are currently
approved for the treatment of patients with TCE RRMM after three
or four lines of therapy in the European Union and the United
States, respectively [3, 4]. Recent analyses demonstrated that the
application of ide-cel and cilta-cel outside clinical trials achieves
results that are comparable to the findings of the pivotal KarMMa
and CARTITUDE-1 studies that led to the approval of the
respective agents [5, 6]. Despite the unprecedented rates of deep
remissions in TCE RRMM, virtually all patients experience relapse

after CAR T-cell infusion and there is a substantial number of
patients with primary refractory disease [7]. Several studies
characterized risk factors and deciphered modes of resistance
associated with dismal outcome after CAR T-cell therapies directed
against BCMA. Biallelic loss of BCMA, (CAR) T-cell exhaustion and
an immunosuppressive microenvironment have been identified as
possible mechanisms that lead to primary refractoriness or relapse
[8]. Importantly, some of these mechanisms have implications for
subsequent salvage therapies, like the irreversible loss of BCMA
that also causes refractoriness to BCMA-directed bispecific
antibodies. Nevertheless, there are only limited data available on
salvage therapies following relapse after BCMA-directed CAR
T-cells. Factors associated with prolonged post-relapse survival are
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currently unknown [9]. In the current study, we analyzed a large,
international cohort of patients treated for relapse after BCMA-
directed CAR T-cell therapies for TCE RRMM. We aimed at
identifying the most promising salvage options and characterizing
factors associated with prolonged post-relapse survival.

METHODS
In this multicenter retrospective observational study, we included only
patients infused with commercially available BCMA-directed CAR T cells for
RRMM across international centers (7 from Germany, 1 from Spain, 1 from
Switzerland, and 3 from the United States). Lymphodepletion with
fludarabine and cyclophosphamide was administered in accordance with
manufacturers’ recommendations. Out-of-specification use was allowed to
reflect real-world applications. Detailed information on salvage regimens
after CAR T cell relapse was obtained, with date of salvage administration,
regimen used, and response to salvage. Detailed information was obtained
until at least third line of salvage treatment. Administration and schedule
of each salvage regimen was as per center’s discretion.

Ethics approval and consent to participate
Each center obtained informed consent per institutional requirements and
the study was approved by local ethics committees of participating
centers. This study is in accordance with the Declaration of Helsinki.

Clinical assessment and definitions
Cytokine release syndrome (CRS) and immune effector cell associated
neurologic syndrome (ICANS) were assessed in accordance with official
criteria [10]. Treatment response was assessed in accordance with the
International Myeloma Working Group Criteria [11], but assessment and
fulfillment of all response criteria remained investigator’s discretion, as was
the assessment and determination of measurable residual disease (MRD).
Responses were classified as: complete response (CR), very good partial
response (VGPR), partial response (PR), and less than PR. Extramedullary
disease (EMD) was defined as organ manifestation, assessed with CT scan,
MRI or PET/CT as per each center’s policy, and sole para-osseous
involvement was excluded from that definition, as it was shown
consistently to be associated with similar outcomes than only marrow-
involved myeloma and overall better outcomes than actual EMD [6, 12–14].

Statistical analysis
First, we described characteristics and outcomes of patients with relapse or
progression after first CAR T-cell infusion. Second, we described
characteristics and outcomes of different treatment strategies as salvage
after relapse post-CAR T. Third, we aimed to identify subgroups benefitting
the most from certain salvage approaches, as well as predictors of
outcome.
The distribution of patient and treatment characteristics was examined

in the entire cohort and compared between treatment strategies and
relapse type, using Chi-squared for categorical variables and Mann-U-
Whitney test for continuous variables. Relapse/progression was defined as
previously described [11]. Kaplan-Meier estimates were used for analysis of
progression-free survival (PFS) and overall survival (OS). Duration of
response (DOR) was defined as the time from response to salvage therapy
until progression or relapse, death, or last follow-up. Time-to-event
calculations were started from first salvage administration. Regression
modelling with respect to relapse was applied within a competing risks
framework by using the Fine & Gray method, with death without relapse/
progression as a competing event. All analyses were conducted using R
(Version 4.0.5).

RESULTS
Characteristics and outcomes of post-CAR T relapse
In this large multicenter international study, we included a
total cohort of 139 patients relapsed after CAR T. Most patients
(94%) had received ide-cel, while nine patients (6%) had
received cilta-cel.
The median follow-up from first salvage for the entire cohort

was 8.6 months (95% CI, 7.6–9.6 months), and the median OS was
9 months (95% CI, 4–14 months; Appendix Fig. 1A). The median

time from CAR T-cell infusion to relapse/progression was 5 months
(range, 0.4–33 months), and earlier relapse within 5 months after
CAR T-cell infusion was significantly associated with worse OS
(P= 0.002), with a median OS of 4.9 months (95% CI,
3.5–6.3 months) versus median OS not reached for patients with
late relapse more than 5 months after CAR T-cell infusion
(Appendix Fig. 1C).
Half of the total cohort (53%) showed relapse with EMD, and

extramedullary relapse was significantly associated with dismal
post-relapse outcome (P= 0.005), with a median OS of 5 months
(95% CI, 3–7 months) versus median OS not reached for patients
with non-EMD relapse (Appendix Fig. 1B).
The MyCARe model, initially developed from time of CAR T-cell

infusion for relapse/progression and PFS prognostication [6], also
differentiated 3 groups with distinct outcome after first salvage,
with median OS not reached for the low risk group versus
10 months (95% CI, 2–17 months) for the intermediate risk group
versus 4 months (95% CI, 3–5 months) for the high risk group
(P= 0.02; Appendix Fig. 1D).

Characteristics of salvage strategies
Patients received the following salvage treatments for relapse/
progression: talquetamab (20%), teclistamab (27%), combinations
of immunomodulatory drugs (IMiDs), proteasome inhibitors (PIs)
or CD38 monoclonal antibodies (31%), chemotherapy (11%),
radiotherapy (3%), autologous or allogeneic transplant (3%), and
others. For better comparability, we categorized the regimens into
4 groups: talquetamab, teclistamab, combinations of IMiDs/PIs or
CD38 monoclonal antibodies, and others. Patient characteristics
were relatively well balanced between the groups (Table 1,
Appendix Tables 1 and 2).
Median time to first relapse/progression from CAR T-cell

infusion was significantly different between the 4 salvage groups,
with 5 months for the talquetamab group, 7.3 months for the
teclistamab group, 3.9 months for the IMiDs/PIs/CD38 group, and
3.3 months for others (P= 0.02).
Out of the total cohort of 139 patients, 56 (40%) received

another subsequent line of salvage therapy of whom 8 (14%)
received talquetamab, 11 (20%) received teclistamab, 12 (21%)
received chemotherapy, 15 (27%) received IMiDs/PIs/CD38 com-
binations. Four patients received talquetamab after teclistamab,
while 1 patient received teclistamab after talquetamab (Appendix
Table 3).

Salvage therapy with bispecific antibodies induces deep
responses and improves outcome
Response to first salvage treatment was significantly different,
with talquetamab and teclistamab showing better responses
(P < 0.001; Fig. 1A). Overall response rate was 79% for talqueta-
mab, 64% for teclistamab, 30% for IMiDs/PIs/CD38, and 26% for
the rest. Complete response was seen in 39% of the talquetamab
group, 32% of the teclistamab group, 0% of the IMiDs/PIs/CD38
group, and 3% of the rest. Very good partial responses were
highest for talquetamab (21%), followed by teclistamab (19%).
Duration of response as well as median OS was significantly
improved with bispecific antibodies (P < 0.001, respectively; Fig.
1B, C).
Median OS was not reached for the talquetamab and for the

teclistamab group versus 5.4 months (95% CI, 3.7–7.0 months) for
IMiDs/PIs/CD38 combinations versus 4.8 months (95% CI,
4.3–5.4 months) for the others.
Importantly, a deeper response to the initial salvage therapy

was strongly correlated with extended overall survival (OS)
(P < 0.001), and this relationship remained consistent irrespective
of the applied treatment regimen (P < 0.001). All patients with CR
to first salvage were alive at last follow-up, and only 2 out of 15
patients with VGPR died at last follow-up (median OS not
reached), while median OS for PR or less than PR was 7 months
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and 5 months, respectively (Appendix Fig. 4A). In particular, similar
outcome was observed for bispecific antibodies and other
strategies who showed less than PR after first salvage (P= 0.51,
Appendix Fig. 5A).
Corresponding to better responses and outcome, fewer patients

with bispecific antibodies received subsequent lines of treatment
(P= 0.002), with 21% of the talquetamab group, 39% of the
teclistamab, 56% of the IMiDs/PIs/CD38 combinations group, and
68% of the others receiving subsequent treatment after first
salvage.

Bispecific antibodies may overcome the poor prognosis
extramedullary relapse
Talquetamab and teclistamab seemed to overcome the poor
prognosis of EMD relapse, with similar outcome for both EMD
versus non-EMD relapse (Fig. 2A). In contrast, EMD relapse was
associated with significantly shorter OS versus non-EMD relapse
for IMiDs/PIs/CD38 (4.6 months versus not reached; P= 0.03) and
other treatments (4.7 months versus 6.3 months P= 0.06).

Bispecific antibodies are effective in early and late post-CAR T
relapse
With regards to time of relapse after CAR T-cell infusion, bispecific
antibodies were associated with better OS for earlier relapse
within 5 months after CAR T-cell infusion (P= 0.01) as well as for
late relapse (P= 0.02). The median OS for early relapse was not
reached for talquetamab, 10 months for teclistamab, 3.8 months

(95% CI, 1.6–6.1 months) for IMiDs/PIs/CD38 combinations, and
4.7 months (95% CI, 4.1–5.2 months) for others. For late relapse,
median OS was not reached for both talquetamab and teclistamab
versus 7.0 months (95% CI, 0–19.3 months) for IMiDs/PIs/CD38
combinations versus 5.0 months (95% CI, 2.9–7.2 months) for
others (Fig. 2B).

Bispecific antibodies improve outcome across subgroups
Finally, subgroup analysis with cause-specific hazards showed a
reduced risk for death for bispecific antibodies across all relevant
subgroups (Fig. 3), including EMD relapse, different refractory
status, and time of relapse. Bispecific antibodies were associated
with reduced risk of death by 76% in patients with EMD and by
58% in patients with early relapse within 3 months after CAR T-cell
infusion.
Multivariable modelling identified both talquetamab and

teclistamab as independent predictors of improved OS (Table 2).
Last, we designed multiple multivariable models, using time to
relapse at different cutoff or as continuous variable, confirming
the independently improved OS with the use of talquetamab or
teclistamab (Appendix Table 4).

DISCUSSION
This is the first international multicenter study in RRMM patients
with relapse after BCMA-directed CAR T-cell therapies incorporat-
ing all currently approved immunotherapies, with 2 significant

Table 1. Patient and treatment characteristics.

Characteristic Talquetamab
(n= 28)

Teclistamab
(n= 37)

IMiD/PI/CD38
combinations (n= 43)

Other
(n= 31)

P

Age, median (range) 63 (40–78) 64 (40–78) 59 (44–79) 61 (40–78) 0.23

Female sex, n (%) 17 (61) 15 (40) 17 (40) 10 (32) 0.15

CAR T product, n (%) 0.69

Ide-cel 26 (93) 36 (97) 39 (91) 29 (94)

Cilta-cel 2 (7) 1 (3) 4 (9) 2 (6)

R-ISS, n (%) 0.57

I 8 (29) 5 (13) 9 (21) 3 (10)

II 12 (42) 18 (49) 18 (42) 17 (55)

III 8 (29) 14 (38) 16 (37) 11 (35)

Refractory status before CAR T, n (%)

Triple-class 23 (82) 33 (89) 36 (84) 23 (74) 0.44

Penta 15 (54) 20 (54) 18 (42) 11 (36) 0.35

BCMA-directed therapy exposure
before CAR T, n (%)

8 (29) 5 (14) 8 (19) 5 (16) 0.46

Lines of therapies before CAR T,
median (range)

7 (3–14) 7 (4–14) 6 (4–14) 7 (4–15) 0.81

MyCARe risk category, n (%) 0.59

Low 7 (25) 6 (16) 4 (9) 5 (16)

Intermediate 18 (64) 26 (70) 31 (72) 19 (61)

High 3 (11) 5 (14) 8 (19) 7 (23)

ECOG, n (%) 0.02

0 7 (25) 7 (19) 4 (9) 4 (13)

1 19 (68) 25 (68) 28 (65) 27 (87)

2 2 (7) 5 (13) 11 (26) 0 (0)

Time to first relapse after CAR T in
months, median (range)

5.0 (0.8–22.4) 7.3 (1.0–24.6) 3.9 (0.4–17.8) 3.3 (0.8–24.9) 0.02

Extramedullary relapse, n (%) 14 (50) 19 (51) 22 (51) 18 (58) 0.92

IMiD immunomodulatory drug, n number, R-ISS revised International Scoring System, CAR T chimeric antigen receptor T-cell therapy, MyCARe Myeloma CAR T
Relapse model (as previously described [6]), BCMA B-cell maturation antigen.
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findings. First, the outcome of patients is affected by the timing of
relapse as well as type of relapse, with early relapse within
5 months after CAR T infusion and relapse with EMD were
associated with dismal OS. Second, bispecific antibodies were
associated with improved responses and OS compared to other
strategies, with the potential to overcome poor prognosis of early
relapse and EMD.
Since its approval, CAR T-cell therapy is changing the landscape

of the treatment algorithm for RRMM, while the reality of CAR
T-cell therapy failure came into focus as more patients received
the treatment and approximately 50% experienced relapse within
first 12 months after CAR T-cell infusion [15, 16]. Moreover, in the
pivotal phase 1 trial investigating the BCMA-directed CAR bb2121,
even more than half of all patients had disease progression at 1
year after infusion, even in patients who experienced initial
response and including patients without measurable residual
disease [17]. Currently, there is no established standard of care for
salvage therapies after CAR T cell therapy. Past studies mainly
analyzed academic CAR T-cell products and excluded the impact
of the anti-GPCR5D bispecific antibody talquetamab [18, 19]. One
study reported a 43% ORR among 76 patients, with an ORR of 91%
for T-cell–engaging therapies [19]. However, data on first salvage
therapies were limited by patient numbers and regimen hetero-
geneity. Our study included for the first time real-world practices
with currently approved therapies, showing that first-line bispe-
cific antibodies are associated with deeper responses and
improved OS compared to other first salvage regimens.
One key controversy involves the timing of bispecific antibodies

post-CAR T-cell therapy, based on two hypotheses: antigen loss
and immune cell exhaustion. The first is based on studies that
have shown that BCMA expression in tumor cell populations is
heterogeneous and that a relapse after BCMA-directed CAR T-cell
therapy may be caused by the selection of clones that lack BCMA
expression [20]. Further analysis of patients with myeloma who
exhibit BCMA antigen loss suggested del16p appeared to be
associated with concurrent del17p mutations, suggesting that
resistance to BCMA-directed immunotherapies is more likely to
develop in TP53-mutated myeloma [21]. Targeting alternative
antigens like GPRC5D may overcome BCMA antigenic loss [22]. In
line with this hypothesis, we showed that talquetamab induced
the deepest responses and prolonged survival. However, a direct
comparison with teclistamab was not significantly different and
larger studies are needed to evaluate both therapies.
In addition to tumor-intrinsic factors, T-cell exhaustion is a key

obstacle to durable responses. Recent data have elucidated the
importance of CAR T-cell expansion and cellular dynamics after
treatment [23]. Further, the gradual T-cell exhaustion, combined
with a lack of persistence may be particularly implicated in
patients whose T-cells were collected after several lines of
therapies [24–26], due to an immunosuppressive microenviron-
ment characterized by increased numbers of monocytes and
suppressed CD8+ T cell as well as natural killer cell function [27].
Therefore, early application of another immunotherapy post-CAR
T-cell therapy might be ineffective. Importantly, we showed that
talquetamab and teclistamab were the best options and showed
excellent post-relapse median OS even in patients with early
relapse (within 3 months or 5 months after CAR T-cell infusion).
However, the varying time intervals between relapse post-CAR T-
cell therapy and the initiation of salvage therapies may have
introduced a selection bias, potentially favoring patients with less
aggressive disease for subsequent bispecific antibody treatments.
Treatment of EMD remains an unmet clinical need, with

previous therapies showing disappointing responses and survival
outcomes [28, 29]. While CAR T-cell therapy has shown remarkable
responses, EMD is associated with worse outcomes compared to

Fig. 1 Response and outcome after relapse from CAR T
treatment. Response (A), duration of response (B), and overall
survival (C) according to first line salvage regimen. Abbreviations:
CR complete response; VGPR very good partial response; PR partial
response.
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Fig. 2 Outcome after CAR T treatment in defined risk categories. Overall survival after first-line salvage according to type of relapse (A)
and time of relapse (B) for comparison of bispecific antibodies and other salvage therapies. Type of relapse was categorized as presence or
absence of extramedullary disease (EMD). Time of relapse was categorized as early (within 3 months after CAR T-cell infusion) and late
(after 3 months).
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non-EMD at the time of infusion [6, 12, 13]. Data on EMD relapse
post-CAR T-cell therapy were unclear until now. Our study showed
that EMD at relapse is linked to poor prognosis, while bispecific
antibodies might overcome this with similar responses and
survival.
We acknowledge limitations, mostly due to the retrospective

design of our study. The recent approval of cilta-cel limited our
ability to evaluate a different post-CAR T-cell therapy relapse
phenotype due to the small number of patients and short follow-
up. Therefore, our results may not be applicable for patients
relapsing after cilta-cel and future studies are needed to confirm
our findings. Furthermore, evaluating BCMA mutations, along with
gene and protein expression, should inform treatment decisions
and antigen switching, e.g. in patients with biallelic loss of BCMA.
Unfortunately, structured assessments of BCMA mutations are
limited to a few centers. Thus, future trials exploring sequencing
strategies for T-cell engaging therapies should incorporate
assessments of BCMA and/or GPRC5D mutations. Additionally,
integrating comprehensive adverse event reporting, currently
absent in this study, would strengthen safety evaluations.
In conclusion, this is the first study to show that the bispecific

antibodies talquetamab and teclistamab induce deep responses
and improve survival after relapse following currently approved
BCMA-directed CAR T-cell therapy, irrespective of the poor
prognostic factors including time of relapse and extramedullary
relapse. Bispecific antibodies should be considered a standard-of-
care for patients relapsing after CAR T-cell therapy for RRMM.

DATA AVAILABILITY
Access to anonymized clinical data might be granted upon reasonable request to the
corresponding author.

Fig. 3 Subgroup analysis on risk of death for the comparison of bispecific antibodies and other salvage therapies. Abbreviations: BITE
bispecific antibody, CR complete response, VGPR very good partial response, BCMA B-cell maturation antigen.

Table 2. Multivariable model on post-relapse survival.

Factor Hazard ratio 95% confidence
interval

P

Model 1
Concordance= 0.74

Treatment group

Talquetamab Reference

Teclistamab 2.43 0.66–9.05 0.18

IMiDs/PIs/CD38 6.05 1.79–20.39 0.004

Other 9.34 2.76–31.59 <0.001

Relapse type

No EMD Reference

EMD 2.53 1.45–4.43 0.001

Time of relapse

Early, <3 months Reference

Late, >3 months 0.46 0.27–0.80 0.006

Penta-
refractoriness

0.89 0.52–1.50 0.65

ECOG

0 Reference 0.73

1 1.46 0.52–2.51 0.05

2 2.76 1.02–7.05

Response to 1st salvage

CR/VGPR Reference

PR or less 2.54 1.45–3.73 0.001

IMiD immunomodulatory drug, n number, EMD extramedullary disease, CR
complete response, VGPR very good partial response, PR partial response.
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