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Abstract 

Patients with relapsed/refractory multiple myeloma (RRMM) typically report poor health-related quality of life 

(HRQoL), which deteriorates as they progress through multiple lines of therapy. This study provides HRQoL 

data in patients with RRMM who received teclistamab in MajesTEC-1, including improvements in pain, global 
health status, and emotional functioning. These results support teclistamab as a promising treatment option 

in this population. 
Introduction: Patients with relapsed or refractory multiple myeloma (RRMM) report significantly lower HRQoL 

compared with patients with newly diagnosed MM and experience further deterioration in HRQoL with each relapse and 

subsequent treatment. Therefore, consideration of the impact of treatment on HRQoL in addition to clinical outcomes is 
vital. Patients and Methods: In the phase I/II MajesTEC-1 (NCT03145181, NCT04557098) study, patients with RRMM 

who received teclistamab, an off-the-shelf, T-cell redirecting BCMA × CD3 bispecific antibody, had deep and durable 

responses with manageable safety. HRQoL was assessed using the European Organisation for Research and Treat- 
ment of Cancer Quality of Life Questionnaire core 30-item and the EuroQol 5 Dimension 5 Level descriptive question- 
naire. Changes over time from baseline were measured with a repeated measures mixed-effects model. Proportions 
of patients with clinically meaningful improvement after starting treatment and time to clinically meaningful worsening 

were assessed. Results: Compliance was maintained throughout the study. Compared with baseline, positive changes 
were observed for pain, global health status, and emotional functioning with treatment; other assessments were largely 
unchanged from baseline. Post hoc analysis showed patients with deeper clinical response generally reported improved 
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HRQoL outcomes. Following an initial decline in HRQoL in some scales, the proportion of patients reporting clinically 
meaningful improvements increased, while the proportion reporting clinically meaningful worsening decreased over 
time. Clinically meaningful improvements in pain were reported in ≥40% of patients at most assessment time points. 
Conclusions: These results complement previously reported clinical benefits and support teclistamab as a promising 

therapeutic option for patients with RRMM. 

Clinical Lymphoma, Myeloma and Leukemia, Vol. 24, No. 3, 194–202 © 2024 The Authors. Published by Elsevier Inc. 
This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Introduction 

Multiple myeloma (MM), a plasma cell cancer in the bone
marrow, is associated with burdensome symptoms (eg, pain and
fatigue) that diminish patients’ ability to function and adversely
impact their overall health-related quality of life (HRQoL). 1-3 

Despite recent advances in the treatment of MM with protea-
some inhibitors (PIs), immunomodulatory drugs (IMiDs), and
monoclonal antibodies (mAbs), 4 , 5 patients eventually relapse and
often develop disease that is resistant to these agents. 6-8 Patients who
are refractory to multiple lines of therapy have limited treatment
options and poor prognoses, 6 , 9 and they experience further deteri-
oration in HRQoL with each additional line of therapy. 10 Patients
with relapsed or refractory MM (RRMM) tend to report signifi-
cantly lower HRQoL scores and report poorer appetite and more
severe fatigue when compared with patients who have not yet devel-
oped RRMM. 11 Evidence has shown that most treatment options
for patients with RRMM at best maintain, rather than improve,
HRQoL and delay, rather than eliminate, symptom deterioration
in this population. 12 Thus, as novel therapies are developed for
patients with RRMM, it is important to consider treatment effects
on patient-reported outcomes (PROs), in addition to standard clini-
cal efficacy measures. 

Teclistamab is the only approved B-cell maturation antigen
(BCMA) × CD3 bispecific antibody with a personalized,
weight-based dosing schedule for the treatment of triple-class–
exposed RRMM. 13 In the first-in-human, phase I/II, single-arm
MajesTEC-1 study, teclistamab was clinically manageable with
substantial efficacy in patients with RRMM previously treated
with at least 3 lines of therapy (including a PI, an IMiD, and
an anti-CD38 mAb). 14 , 15 Among 165 patients treated with the
recommended phase II dose (RP2D) of teclistamab 1.5 mg/kg in
phase I and phase II at a median follow-up of 14.1 months, the
overall response rate (ORR) was 63%, median duration of response
was 18.4 months, and median progression-free survival was 11.3
months. 15 Based on these results, teclistamab was approved for the
treatment of patients with RRMM by the European Medicines
Agency as monotherapy for those who have received ≥3 prior thera-
pies and who progressed on the last therapy, 16 and it was approved
by the U.S. Food and Drug Administration for treatment in patients
with RRMM who have received 4 prior lines of therapy. 17 Under
both approvals, patients must have been treated previously with
a PI, an IMiD, and an anti-CD38 mAb. Here, we report the
on-treatment PROs from the MajesTEC-1 study in patients with
RRMM treated with teclistamab at the RP2D. 
Patients and Methods 

Study Design and Patients 
The study design and methods of the MajesTEC-1 study have

been published. 14 Briefly, this was an open-label, multicenter, phase
I (NCT03145181) and phase II (NCT04557098) study in patients
with RRMM. In phase II, patients received the RP2D of teclis-
tamab (weekly subcutaneous dose of 1.5 mg/kg preceded by step-
up doses of 0.06 and 0.3 mg/kg). Eligible patients were adults
with a diagnosis of RRMM; progressive, measurable disease per
International Myeloma Working Group (IMWG) criteria 18 ; and
an Eastern Cooperative Oncology Group performance status of 0
or 1. Patients must have also received ≥3 prior lines of therapy,
including a PI, an IMiD, and an anti-CD38 mAb. Patients who had
received prior BCMA-targeted therapy were not eligible. The study
was conducted in accordance with the Declaration of Helsinki and
Good Clinical Practice guidelines. The protocol and other relevant
documents were approved by the institutional review boards of all
participating institutions. All patients provided written informed
consent. 

Assessment of Patient-Reported Outcomes 
PRO instruments included the European Organisation for

Research and Treatment of Cancer Quality of Life Questionnaire
core 30 item (EORTC QLQ-C30) and the EuroQol 5 Dimension
5 Level (EQ-5D-5L) questionnaire. 

The EORTC QLQ-C30 is a cancer-specific questionnaire
with a 1-week recall period that consists of 30 items across 5
functional scales (physical, role, emotional, cognitive, and social),
1 global health status (GHS) scale, and several single items (eg,
fatigue, nausea and vomiting, pain, appetite loss, constipation, and
diarrhea). 19 All scale and item scores were linearly transformed to a
0 to 100 scale according to the algorithm in the EORTC QLQ-C30
scoring manual version 3.0. 20 For symptom-oriented scales, higher
scores correspond with worse symptom severity. Conversely, for the
GHS and functional scales, higher scores represent better GHS and
level of functioning. The reliability, validity, and clinically meaning-
ful change threshold ( ≥10 points) for the EORTC QLQ-C30
have been demonstrated in patients with MM. 21-23 The EQ-5D-
5L assesses generic health status on 5 dimensions (mobility, self-
care, usual activities, pain/discomfort, and anxiety/depression) and
includes a visual analogue scale (VAS) wherein respondents rate
their overall health on that day on a scale of 0 to 100, with scores
ranging from 0 (worst imaginable health state) to 100 (best imagin-
able health state). 24 
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Patients within the all-treated population and who were enrolled
in phase II of the study were analyzed for PRO compliance
and assessments, provided they had available PRO data. Patients
completed both PRO assessments during site visits through use of
on-site tablets at screening and on day 1 of every other treatment
cycle (28 days/cycle) while on treatment. PROs were not collected
from patients enrolled in phase I of the study. 

Statistical Analyses 
The primary endpoint (ORR per IMWG criteria 18 , 25 ) was

analyzed in all patients who had received at least 1 dose of teclis-
tamab at the RP2D in phase I or phase II as of September 7, 2021.
Compliance rates for PRO assessments, descriptive mean values at
each time point, and time-to-event analyses were calculated using
the efficacy analysis population, which was predefined to include
all patients enrolled in phase II who had received their first dose of
teclistamab on or before March 18, 2021. Analyses of longitudinal
change and regression models for PROs was performed on the all-
treated population and included all patients with a baseline PRO
assessment and who had received 1 postbaseline assessment. These
analyses were based on a clinical cut-off date of March 16, 2022. 

Change from baseline in patient-reported overall symptoms,
functioning, and HRQoL were secondary endpoints of the phase
II part of the study. There was no imputation of missing data.
No adjustments for multiplicity were made, as these analyses were
not part of the statistical hierarchy, and no P -values are presented.
Descriptive statistics were used as appropriate: number and percent-
age were used to report categorical variables, with means, medians,
and ranges used to report continuous variables. Compliance rates for
completion of PROs were calculated as the number of assessments
received divided by the number of assessments expected (number of
patients on treatment) at each time point. Changes from baseline in
the EORTC QLQ-C30 scales and the EQ-5D-5L VAS were fitted
to a mixed-effects repeated measures model that included patient as
a random effect, and baseline PRO value and time as fixed effects.
Post hoc analyses based on depth of patient response to teclistamab
(complete response or better [ ≥CR], very good partial response
[VGPR], and partial response [PR]) were also conducted. Results
are presented as least-squares (LS) means with 95% CIs. 

The proportions of patients with clinically meaningful improve-
ment or worsening at any time on study treatment were calcu-
lated using thresholds that were defined a priori and based on the
published literature: change ≥10 points for the EORTC QLQC-30
scales 26 , 27 and ≥7 points for the EQ-5D-5L VAS. 28 

The median time to meaningful worsening was calculated using
the Kaplan-Meier method; for this analysis, worsening was defined
using a distribution-based meaningful change threshold defined as
at least one half of 1 standard deviation from baseline. Death due
to disease progression was included as worsening. Patients who had
not met the definition of worsening were censored at the last PRO
assessment. 

Results 

Patient Characteristics and Compliance With PROs 
In total, 165 patients were treated with teclistamab at the RP2D

in phase I and phase II; all 125 patients enrolled in phase II provided
Clinical Lymphoma, Myeloma and Leukemia March 2024
PRO data for analyses. Among all 165 patients, the median duration
of treatment was 8.5 months (range, 0.2-24.4). The median age was
64 years (range, 33-83), and 56% of patients were male ( Table 1 ).
Patients had previously received a median of 5 prior lines of therapy
(range, 2-14). Mean EORTC QLQ-C30 values at baseline reflected
the poor overall GHS in this RRMM population, with the greatest
impacts in role and physical functioning and symptoms of pain and
fatigue ( Table 1 ). 

Compliance rates for all patients who provided PRO assessments
(n = 125) were 83% at baseline for the EORTC QLQ-C30 and
77% for the EQ-5D-5L and were similar through cycle 8 ( ≥77%).
The most common specified reasons given for not completing
the PRO instruments at baseline were technical failure (n = 4),
questionnaire not returned (n = 3), no questionnaire translation
(n = 2), and patient refusal to complete the questionnaire (n = 2),
while none of the patients reported that they were too ill to complete
the questionnaires. 

Change in PROs During Treatment 
Treatment with teclistamab was associated with a reduction in

symptoms and a sustained improvement in overall HRQoL. Pain
scores improved as early as cycle 2 and showed meaningful improve-
ment (95% CIs for LS mean change did not include 0) at cycles
4 through 12 ( Figure 1 A). Fatigue initially worsened but returned
to near-baseline levels for cycles 4, 6, and 8 before showing a trend
toward improvement for cycles 10 and 12 ( Figure 1 B). Symptoms of
nausea and vomiting worsened from baseline at cycle 2 but showed
little change from baseline from cycle 4 onward ( Figure 1 C). Average
EORTC QLQ-30 GHS scores improved from baseline at cycles 4,
6, 8, 10, and 12 ( Figure 1 D). LS mean change in EQ-5D-5L VAS
showed improvement from cycle 4 through cycle 12 ( Figure 1 E).
A post hoc subgroup analysis based on depth of patient response
to teclistamab ( ≥CR or VGPR and PR) was also conducted. Results
from this analysis of patients with stable disease or minimal response
are not shown due to low patient numbers beyond cycle 4 of treat-
ment. The analysis of patients with ≥CR compared with VGPR and
PR showed that patients with ≥CR generally reported improved
HRQoL compared with those with VGPR and PR (Supplemental
Figure 1A–1E). 

Emotional functioning scores improved from baseline at all
time points (Supplemental Figure 2A). Physical functioning scores
initially worsened from baseline at the beginning of cycle 2 but
showed a trend for improvement by cycle 8 (Supplemental Figure
2B). Role functioning scores initially worsened from baseline at
cycle 2 but showed a trend toward improvement by cycle 6 (Supple-
mental Figure 2C). Cognitive and social functioning scores showed
little change during the study (Supplemental Figure 2D and E).
Similar trends were observed across subgroups with patients reach-
ing ≥CR, VGPR, or PR, showing trend for improvement in
emotional, physical, and role functioning (Supplemental Figure 3A-
C), and little change from baseline in cognitive and social function-
ing (Supplemental Figure 3D and E). 

A sensitivity analysis that included 8.7 additional months of
follow-up revealed no change in the overall results in terms of
changes from baseline during treatment (data not shown). 
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Table 1 Patient Characteristics and EORTC QLQ-C30 and EQ-5D-5L Scores at Baseline. 

Characteristic All Treated Population (N = 125) 
Age, years 

Median (range) 64.0 (33-83) 

≥75, n (%) 19 (15.2) 

Male, n (%) 70 (56.0) 

Race, n (%) 

White 100 (80.0) 

Black or African American 20 (16.0) 

Asian 3 (2.4) 

Multiple or other 2 (1.6) 

ECOG performance status, n (%) 

0 38 (30.4) 

≥1 a 87 (69.6) 

Years from MM diagnosis to first dose, median (range) 6.2 (0.9-22.7) 

No. of prior lines of therapy for MM, median (range) 5.0 (2-14) 

Triple-class b exposed, n (%) 125 (100) 

Penta-drug c exposed, n (%) 90 (72.0) 

Triple-class b refractory, n (%) 96 (76.8) 

Penta-drug c refractory, n (%) 34 (27.2) 

Efficacy population (n = 125) 

EORTC QLQ-C30 score, mean (SD) d n = 104 

GHS 58.3 (25.0) 

Physical functioning 71.5 (20.9) 

Role functioning 66.5 (29.6) 

Emotional functioning 72.6 (20.3) 

Cognitive functioning 84.5 (17.6) 

Social functioning 74.2 (23.7) 

Pain 43.3 (32.1) 

Fatigue 39.9 (25.1) 

Nausea and vomiting 4.3 (9.9) 

Dyspnea 22.1 (24.8) 

Sleep disturbance 30.1 (29.6) 

Constipation 18.3 (27.0) 

Appetite loss 16.7 (27.5) 

Diarrhea 12.8 (21.9) 

Financial difficulties 13.1 (25.2) 

EQ-5D-5L score, mean (SD) e n = 96 

VAS 61.8 (23.0) 

Abbreviations: ECOG = Eastern Cooperative Oncology Group; EORTC QLQ-C30 = European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire core 30 item; EQ-5D- 
5L = EuroQol 5 Dimension 5 Level; GHS = global health status; IMiD = immunomodulatory drug; MM = multiple myeloma; PI = proteasome inhibitor; SD = standard deviation; VAS = visual 
analogue scale. 
a One patient had ECOG performance status of 3 at screening. 
b Triple-class was defined as ≥1 PI, ≥1 ImiD, and 1 anti-CD38 antibody. 
c Penta-drug was defined as ≥2 Pis, ≥2 ImiDs, and 1 anti-CD38 antibody. 
d EORTC QLQ-C30 scores range from 0 to 100; higher scores indicate better health on the GHS, better function on the functional scales, and greater symptom severity on the symptom scales. 
e EQ-5D-5L scores range from 0 to 100; higher scores represent better patient-evaluated health status. 

 

 

 

 

 

 

 

 

Proportion of Patients With Meaningful Changes From 

Baseline 
The proportion of patients reporting clinically meaningful

improvements generally increased over time for all scales of the
EORTC QLQ-C30 and the EQ-5D-5L VAS scores ( Figure 2 ).
Meaningful improvements in pain and fatigue were reported by
more than a third of patients at cycles 4 through 12, with approx-
imately 50% of patients reporting clinically meaningful improve-
ment at cycle 12. Meaningful improvement in nausea and vomit-
ing was reported by 8% of patients at cycle 12 ( Figure 2 A). The
Clinical Lymphoma, Myeloma and Leukemia March 2024 197
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Figure 1 Change from baseline in EORTC QLQ-C30 (A) pain, (B) fatigue, (C) nausea and vomiting, (D) GHS, and (E) EQ-5D-5L VAS 

scores. Values are LS mean changes from a mixed-effects model for repeated measures. C = cycle; D = day; EORTC 

QLQ-C30 = European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire core 30 item; 
EQ-5D-5L VAS = EuroQol 5 Dimension 5 Level visual analogue scale; GHS = global health status; LS = least squares. 
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proportion of patients reporting meaningful improvement in GHS
and functioning increased over time, with 49% of patients reporting
meaningful improvement in GHS at cycle 12 ( Figure 2 B). Changes
in the EQ-5D-5L VAS score showed improvement in general health
at cycles 2 through 12, with more than 50% of patients reporting
overall improvement from cycle 10 onward ( Figure 2 C). 

The proportion of patients reporting clinically meaningful
worsening generally decreased over time for all scales of the EORTC
QLQ-C30 and the EQ-5D-5L VAS scores (data not shown). Less
than 40% of patients reported clinically meaningful worsening in
pain and nausea and vomiting at all assessment time points, and
< 50% in fatigue at cycles 4 through 12. At cycle 12, < 25% of
patients reported clinically meaningful worsening in pain, fatigue,
and nausea and vomiting. Assessment of worsening change on the
Clinical Lymphoma, Myeloma and Leukemia March 2024
EORTC QLQ-C30 scale showed fewer patients reported worsening
from cycles 2 to 12 across all items, except emotional functioning,
which was reported in approximately 60% to 70% of patients at
cycles 2 through 12. The proportion of patients who reported clini-
cally meaningful worsening in EQ-5D-5L VAS score declined over
time as patients remained on treatment. 

Among patients reporting meaningful worsening at any time
point, the median time to a first report of meaningful worsen-
ing ranged from 2.6 months (role functioning) to 13.1 months
(emotional functioning) (Supplemental Table 1). 

Discussion 

As survival outcomes in patients with MM improve, it is
increasingly important to evaluate the impact of treatment on
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Figure 2 Percentage of patients who achieved meaningful improvement from baseline in EORTC QLQ-C30 (A) symptom, (B) 
functioning scales, and (C) EQ-5D-5L VAS based on a literature-defined threshold. Meaningful improvement was 
defined as a ≥10-point decrease from baseline for symptom scales and ≥10-point increase from baseline for 
functioning scales and ≥7 points for the EQ-5D-5L VAS. C = cycle; D = day; EORTC QLQ-C30 = European Organisation 
for Research and Treatment of Cancer Quality of Life Questionnaire core 30 item; EQ-5D-5L VAS = EuroQol 5 
Dimension 5 Level visual analogue scale. 
(A) a n = 75 for fatigue. b n = 62 for pain. c n = 58 for pain. (B) a n = 62 for global health status. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

patients’ symptom burden and HRQoL. 29-31 Patients enrolled in
the MajesTEC-1 study with heavily pretreated RRMM experi-
enced early and sustained clinically meaningful improvements
in patient-reported overall symptoms, functioning, and HRQoL
during teclistamab treatment, alongside early, deep, and durable
clinical responses with an ORR of 63%. Patients had improvements
in mean EORTC QLQ-C30 pain and GHS scores and in mean
EQ-5D-5L VAS scores from baseline by the beginning of cycle 4
through cycle 12, with improvements seen over time, supporting the
benefit of teclistamab in this patient population. Additionally, post
hoc analyses of PROs based on depth of response showed patients
in the ≥CR subgroup had better HRQoL outcomes, supporting the
importance of achieving a deep clinical response with treatment.
Importantly, in this population with severe disease and limited treat-
ment options, approximately 59% of patients reported meaning-
ful improvement in pain and 56% of patients reported meaning-
ful improvement in fatigue by cycle 12. The observed reductions
in pain with teclistamab may be particularly meaningful to patients
with RRMM, as pain has a substantial impact on overall HRQoL, as
well as physical, social, emotional, and role functioning in patients
with MM. 32 , 33 

Although 60% to 70% of patients reported worsening in
emotional functioning across all cycles, it is notable that 30% to
40% also reported improvement beginning at cycle 2, which was
maintained at all later time points. More than 75% of patients
with RRMM have reported emotional impacts of RRMM, 34 and
emotional aspects of HRQoL, such as depression and anxiety, have
been associated with increased MM symptom burden. 35 Although
smaller proportions of patients reported meaningful improvement
on functioning scales compared with improvement in symptoms,
with 49% reporting meaningful improvement in GHS at cycle 12,
improvement in functioning remains a distal concept compared
with improvement in symptoms. Additional follow-up is needed
to assess the full benefit of meaningful improvement in functional
outcomes. 

Scores for physical, role, cognitive, and social functioning scales
were either largely unchanged from baseline or showed a decline
in cycle 2 followed by a trend toward improvement from cycle 4
Clinical Lymphoma, Myeloma and Leukemia March 2024 199
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onward. In this heavily pretreated patient population, the observa-
tion even of maintenance of baseline HRQoL, without meaningful
improvements, can still be viewed as clinically beneficial. 

Teclistamab treatment is associated with cytokine release
syndrome (CRS), with most CRS events being grade 1 or 2 and
occurring during initial step-up doses and the first treatment dose
received at the RP2D. 15 Due to this association, patients were hospi-
talized and monitored for onset of CRS during step-up doses. This
hospitalization may have a negative impact on patients’ HRQoL,
and therefore, may account for the initial decline observed in PROs
in some scales in this study. This is supported by the observation that
HRQoL was largely stable or improved over the course of treatment
following hospitalization. 

As with all studies, there are some potential limitations, includ-
ing that this is an on-treatment analysis with a decreasing patient
sample size over time, and that as a single-arm trial, there is no
active control arm for direct comparison. Although change from
baseline in PROs was a secondary endpoint, statistical analyses were
exploratory in nature. There also exists a potential for responder bias
in these analyses. A post hoc analysis investigating compliance rates
in patients reporting < VGPR or ≥VGPR was carried out; however,
small patient numbers in cycles 4 through 12 in patients with
< VGPR precluded definitive conclusions regarding responder bias.
It is reasonable to assume that response to treatment and symptom
resolution would be associated with improvement in HRQoL or
that disease progression would be associated with worsening of some
PROs. 

This analysis also exhibited several strengths in that PROs were
prespecified secondary endpoints and were evaluated frequently
throughout the trial, and that consistent results were seen between
the EORTC QLQ-C30 GHS scale and the EQ-5D-5L VAS
scale. 

Conclusions 

Patients with triple-class exposed RRMM treated with teclis-
tamab reported early and sustained clinically meaningful improve-
ments in disease-related symptoms and HRQoL that were consistent
with observed clinical outcomes in MajesTEC-1. In this population
with severe disease and limited options, the majority of patients
reported meaningful improvements in symptoms, especially pain,
for which ≥63% reported meaningful improvements at all time
points. These PRO results complement recent clinical data and
support the use of teclistamab in patients with RRMM. 

Clinical Practice Points 
 Patients with relapsed/refractory multiple myeloma (RRMM)

typically report poor health-related quality of life (HRQoL) that
declines with each relapse and subsequent line of therapy. Treat-
ment options in this heavily-pretreated population are limited and
typically maintain rather than improve patients’ HRQoL. 

 Teclistamab is the only approved BCMA ×CD3 bispecific
antibody with a personalized weight-based dosing schedule for
the treatment of triple-class exposed RRMM. In the phase
I/II MajesTEC-1 study, teclistamab elicited deep and durable
responses with a low rate of discontinuations due to adverse

events.  

Clinical Lymphoma, Myeloma and Leukemia March 2024
 Patients’ HRQoL was assessed in MajesTEC-1 using 2 validated
questionnaires. Improvements from baseline were observed for
pain, global health status, and emotional functioning, while other
HRQoL domains were unchanged. Over time, the proportion of
patients reporting meaningful improvements increased and the
proportion reporting meaningful worsening decreased. 

 These patient-reported outcomes add to the body of evidence
supporting teclistamab as a promising therapy for patients with
RRMM and ≥3 prior lines of therapy. 
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