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Graphical Abstract

Lymphoma diagnosis - Journey of relapse and treatment ~ CART-cell therapy

Recovery of daily life after remission
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Abstract

Chimeric antigen receptor T cells (CAR T cells) can induce prolonged remission in a substantial subset of patients with relapse/
refractory lymphoma. However, little is known about patients' life after CAR T-cell therapy. We prospectively assessed the
multidimensional recovery of lymphoma patients in remission, before leukapheresis, before CAR T-cell infusion, and 3, 6, and
12 months thereafter. Validated tools were used to measure lymphoma-related and global health-related quality of life (HRQoL;
Functional Assessment of Cancer Therapy-Lymphoma [FACT-Lym] and EQ-5D-5L), cognitive complaint (FACT-Cognition),
fatigue (FACIT-Fatigue subscale), psychological status (Hospital Anxiety and Depression Scale, Post-Traumatic Check List
Scale), and sexuality (Relationship and Sexuality Scale). Beyond 12 months of remission, we also surveyed physical, professional,
sexual, and general life status. At 3, 6, and 12 months, 53, 35, and 23 patients were evaluable, respectively. Improvement in
lymphoma-related HRQoL was clinically relevant at 3, 6, and 12 months with a mean change from baseline of 10.9 (95%
confidence interval [Cl]: 5.8; 16.1), 12.2 (95% Cl: 4.2; 20.1), and 11.72 (95% Cl: 2.06; 21.38), respectively. Improvement in global
HRQolL, fatigue, and anxiety was clinically relevant, but 20%-40% of patients experienced persistent fatigue, psychological
distress, and cognitive complaints over time. Beyond 12 months after CAR T cells, 81.8% of 22 evaluable patients were satisfied
with their daily life. Physical activity, professional, sexual, and global well-being had returned to prediagnosis levels in nearly half
of the patients. We found an improvement in HRQoL after CAR T-cell therapy including anxiety, depression, sexual satisfaction,
and general well-being. However, not all patients recover a “normal life.” Further research is needed to determine which patients
are at risk of quality-of-life impairment to improve recovery after CAR T-cell infusion.

induced by CAR T-cell therapy raise the question of patients' potential to
regain a “normal life” after such treatment.

In clinical trials of CAR T-cell therapy, health-related quality of
life (HRQol) is often assessed as a secondary endpoint. In the JULIET
study, LBCL patients who received tisagenlecleucel (tisa-cel) after at
least two lines of systemic therapy showed a clinically significant
improvement in most aspects of HRQoL.* In the TRANSCEND trial,

INTRODUCTION

Chimeric antigen receptor T-cell (CAR T-cell) therapy has revolutionized
the treatment of relapsed and refractory (R/R) lymphoma, such as large B-
cell lymphoma (LBCL), mantle cell lymphoma (MCL), and follicular lym-
phoma (FL). In a significant proportion of patients, durable remissions can
be achieved, which may lead to a cure.r™® The prolonged remissions
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lisocabtagene maraleucel (liso-cel) infusion improved the overall
HRQoL of R/R LBCL patients and the change from baseline was
clinically significant by the second month.> However, patients en-
rolled in clinical trials may not be representative of patients treated in
the real-world setting. Only two real-world studies have evaluated
global HRQoL months after CAR T-cell infusion.®” They reported an
initial decline in HRQoL during the first 2 weeks, followed by a re-
covery to baseline within 3 months. However, the first study found
no clinically significant improvement over time.” The second study
showed an improvement at 3 and 6 months but included non-
responders who do not represent patients in remission.® Both studies
involved a heterogeneous population of patients also suffering from
multiple myeloma and acute leukemia. Finally, their limited 6-month
follow-up does not allow for an estimate of return to daily life.

Furthermore, findings from cross-sectional studies indicate that a
subset of patients undergoing CAR T-cell therapy experience psycholo-
gical distress, neurocognitive impairment, fatigue, and pain during the
initial year after treatment®2'! These various aspects of HRQoL may
influence long-term well-being. Nevertheless, clinical trials and real-life
studies have predominantly used generic HRQoL questionnaires such as
the EQ-5D, questionnaires that screen symptoms related to the disease or
its treatment such as the EORTC-QLQC30, or a symptom-burden ques-
tionnaire such as items from the PRO-CTCAE item bank. These ques-
tionnaires do not allow the in-depth assessment of symptoms influencing
quality of life and their evolution over time. Among the above-mentioned
prospective studies, one examined the neurocognitive function, and an-
other the psychological impact of treatment. In addition, two large pro-
spective studies assessed neurocognitive outcomes after CAR T-cell
therapy, but with different findings.2%*® Indeed, one reported an impair-
ment of perceived neurocognition 1 year after treatment,’?> while the
other found an improvement in neurocognitive performance.’® Regarding
factors associated with HRQoL evolution, Johnson and colleagues sug-
gested that a worse performance status at baseline or more intensive care
during hospitalization could be associated with a stronger improvement
over time.?

To the best of our knowledge, the various dimensions of HRQoL
and their longitudinal evolution have not been previously in-
vestigated. Furthermore, all previously published studies regarding
HRQolL after CAR T-cell have a short follow-up of 6 months or less.
Published real-world data on HRQoL and other patient-reported
outcomes (PROs) in adult patients having undergone CAR T-cell
therapy remain poor.***>

Here, we conducted a prospective study of real-world lymphoma
patients following treatment with commercially available CAR T cells
to evaluate multidimensional recovery (physical, psychological, social,
and professional) among those in remission through the first year
after CAR T-cell therapy.

METHODS
Study design and data collection

CARAMA is a bicentric prospective study conducted at the University
Hospitals of Rennes and Toulouse, France. Eligible patients were
required to be at least 18 years old to provide informed consent and
have a lymphoma eligible for CAR T-cell therapy. Patients were in-
cluded before leukapheresis. Bridging chemotherapy was given at the
discretion of the treating physician.

Disease characteristics were collected from electronic medical
records, and social and demographic data were self-reported by the
patients. All analyzable patients were asked to complete each of the
questionnaires, which were prospectively collected by dedicated nurses

from the Hematology department.’® There was no financial compen-
sation. Clinical data and self-completed questionnaires were collected
before leukapheresis, immediately before CAR T-cell infusion, and 3, 6,
and 12 months thereafter. Patients were followed until the end of the
study at month 12 or until disease progression/relapse or death.

Long-term follow-up data were obtained by phone interview
from patients who remained in remission after 12 months and who
were still monitored by the investigator, that is, until 24 months.
These structured interviews covered professional activity, social life,
physical activity, sexual life, and general well-being.

Informed consent was collected from all patients. The study was
approved by our local Institutional Review Board (No. A01695-38).

PRO questionnaires

To assess HRQoL specific to lymphoma patients, we used Functional
Assessment of Cancer Therapy-Lymphoma (FACT-Lym).Y” The FACT-
Lym is a 42-item measure that assesses Functional Assessment of
Cancer Therapy-General (FACT-G) comprising four HRQoL domains
(physical, functional, emotional, and social/family well-being) and the
Lymphoma subscale (Lym-S). Lym-S informs about disease and
treatment-related symptoms including pain, fever, swelling, night
sweats, insomnia, itching, weight loss, fatigue, and loss of appetite.
Summary scores are calculated by adding domains: FACT-G score
corresponds to the sum of well-being domain scores; FACT-Lym total
score (TS) comprises FACT-G plus Lym-S scores. A high score cor-
responds to a high HRQoL level.

We used the EQ-5D-5L to describe global HRQoL.*® This ques-
tionnaire enables us to estimate a utility score and a visual ana-
log scale (VAS) of global health (from “The best health you can
imagine” to “The worst health you can imagine”). The EQ-5D-5L
utility score covers five dimensions on the assessment day: mobility,
self-care, usual activities, pain/discomfort, and anxiety/depression,
with one item per dimension.

FACT-Cognition (FACT-Cog) assesses subjective cognitive im-
pairment, which comprises 37 items.'?"22 The items assess perceived
cognitive functioning over the past 7 days according to four sub-
scales: perceived cognitive impairments (PCI), impact of PCl on
HRQoL (QOL), perceived cognitive abilities, and comments from
others on cognitive function (Oth). A high score corresponds to a low
level of cognitive complaints.

FACT-Fatigue subscale (FACIT-F) is a 13-item questionnaire that
measures self-reported tiredness, weakness, and difficulty conducting
usual activities due to cancer-related fatigue.2® A high FACIT-F score
corresponds to a low level of fatigue.

The Hospital Anxiety and Depression Scale (HADS) and the Post-
Traumatic Check List Scale (PCLS) were used to assess psychological
status. The HADS is a 14-item questionnaire comprising two 7-item
subscales to assess anxiety and depression symptoms.?* A score ranging
from O to 7 represents normal levels of anxiety or depression; 8 to 10
indicates moderate levels of anxiety or depression; 11 to 21 alerts se-
vere levels of anxiety or depression. PCLS assesses patients' symptoms
of posttraumatic stress disorder (PTSD).2> The PCLS is a 17-item mea-
sure that evaluates symptoms of PTSD according to the criteria of the
Diagnostic and Statistical Manual of Mental Disorders-IV. A high score
indicates a higher level of PTSD symptoms, with a cut-off of 44 for a
diagnosis of PTSD and 34 for needing medical attention.?® The PCLS
was only administered at Month 6.

Sexual health was assessed by completing the RSS questionnaire.2”
It considers sexual function and the level of deterioration in sexual desire
after the disease, the ability to have an orgasm, and the frequency of
sexual intercourse after the disease. It also focuses on patients'
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Eligible patients

N=30 Not included
E N= 7 Other research protocole
Included patients N=1ALL
N=59 N= 5 Multiple myeloma
I N= 11 Refusal
Baseline (N=59) N= 5 Neurologic troubles
PRO questionnaires completed: N= 2 Language barrier

FACT-Lym: N=53 (90%)
EQ-5D: N=52 (88%)
FACIT-F: N=44 (75%)
FACT-Cog: N=52 (88%)
HADS: N=52 (88%)
RSS: N=42 (71%)
Hospitalization (N=59)
PRO questionnaires completed:
FACT-Lym: N=47 (80%)
EQ-5D: N=45 (76%)
FACIT-F: N=39 (66%)
FACT-Cog: N=44 (75%)
HADS: N=43 (73%)
RSS: N=36 (61%)

Out of the study
{ N= 4 Disease progression
M3 (N=53) N= 2 Death

PRO questionnaires completed:
FACT-Lym: N=43 (81%)

EQ-5D: N= 42 (79%)

FACIT-F: N=42 (79%)

FACT-Cog: N=39 (74%)

HADS: N=40 (76%) Out of the study
RSS: N=40 (76%) N=14 Disease progression
T N=2 Death
I Follow-up less than M6
M6 (N=35) N=2
PRO questionnaires completed:

FACT-Lym: N=29 (83%)
EQ-5D: N=29 (83%)
FACIT-F: N=28 (80%)
FACT-Cog: N=29 (83%)
HADS: N=27 (77%)
PCL: N=19 (54% )
RSS: N=28 (80%) Out of the study

[ N=1 Disease progression

L Follow-up lessthan M12

M1i2 (N:23) N=11

PRO questionnaires completed:
FACT-Lym: N=18 (78%)
EQ-5D: N=18 (78%)
FACIT-F: N=17 (74%)
FACT-Cog: N=18 (78%)
HADS: N=17 (74%)
RSS: N=18 (78%)

FIGURE 1 Patients' flowchart and completion rate. Patients were followed up until death, disease progression, or end of the study. A questionnaire is considered
completed if at least one score can be calculated. ED-5Q-DL, 5-level EuroQol 5-dimensions 5-level; EPCL, Post Traumatic Stress Checklist; FACIT-F, Functional Assessment
of Chronic lliness Therapy-Fatigue subscale (FACIT-F) questionnaire; FACT-Cog, Functional Assessment of Cancer Therapy-Cognition; FACT-Lym, Functional Assessment of
Cancer Therapy-Lymphoma; HADS, Hospital Anxiety and Depression Scale; PRO, Patient-Reported Outcome; RSS, Relationship and Sexuality Scale questionnaire.
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TABLE 1  Patients' characteristics. TABLE 1 (Continued)
Patients at Patients at
Sociodemographic characteristics at baseline baseline (N =59) Sociodemographic characteristics at baseline baseline (N = 59)
Age (years) Social activity, N (%)
Median (range) 63 (19-78) No 33 (60)
Mean (SD) 59 (14.1) Yes 22 (40)
Age group (years), N (%) Missing 4
<30 3(5.1) Main diagnosis, N (%)
30-50 11 (18.6) LBCL 43(729)
PCNSL 1(1.7)
50-60 12 (20.3)
FL 8 (13.6)
60-70 17 (28.8)
MCL 5(8.5)
270 years 16 (27.1)
PMBL 2(3.4)

Gender, N (%)
Central nervous system involvement, N (%)

Female 31 (52.5) Yes 5(88)
Male 28 (47.5) No 52 (91.2)

Marital status, N (%) Missing 2
Couple 40 (71.4) CAR-T cells type, N (%)

Divorced 5(8.9) Tisagenlecleucel 18 (30.5)
Single 7 (12.5) Brexucabtagene autoleucel 4 (6.8)
Widowed 4(7.1) Axicabtagene ciloleucel 37 (62.7)
Missing 3 Prior lines, N (%)

Professional activity before diagnosis, N (%) 2 39 (66.1)
No 32 (57.1) 3 17 (28.8)
Yes 24 (42.9) 24 3.1

Professional categories Prior lines, median (minimum-maximum) 2 (2-8)
Blue-collar workers 1(1.8) Prior auto-SCT, N (%) 13 (22.0)
Craftsmen, retailers, and business leaders 1(1.8) Prior allo-SCT, N (%) 1(17)
Executives and white-collar workers 5(9.1) Disease status at leukapheresis, N (%)

Intermediate professions 4(7.3) Partial response 13 (22.0)
Employees 11 (20.0) Progressive disease 41 (69.5)
Farmers 4(7.3) Stable disease 5(8.5)
Retired 25 (45.5) Bridging chemotherapy 54 (91.5)
No profession 4(7.3) ECOG performance status at inclusion, N (%)

Missing 4 0 14 (24.1)

Education level, N (%) 1 35(60.3)
<High school diploma 25 (50.0) 2 8(13.8)
=High school diploma 6 (12.0) 3 1(17)
>High school diploma 19 (38.0) Missing 1
Missing 9 Occurrence of CRS, N (%) 54 (91.5)

Physical activity, N (%) Maximum grade of CRS, N (%)

No 13 (23.6) 0-1 42(71.2)
Yes 42 (76.4) 2 16 (26.9)
Missing 4 3 1(1.9)

Frequency of physical activity among those who were physically active (N =42), Occurrence of ICANS, N (%) 29 (50.8)

N (%) Maximum grade of ICANS, N (%)
<3 h/week 24 (60) 0-1 36 (61.0)
3-6 h/week 7 (17.5) 2 16 (27.1)
>6 h/week 9 (22.5) 3 5 (8.5)
Missing 19

4 2 (3.4)
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TABLE 1 (Continued)

Patients at

Sociodemographic characteristics at baseline baseline (N =59)

Occurrence of cytopenia before 3 months, N (%) 20 (42.9)
Missing 6
Occurrence of cytopenia between 3 and 6 months, 11 (33.3)
N (%)
Missing 2
Occurrence of cytopenia between 6 and 12 months, 6(27.3)
N (%)
Missing 1
Occurrence of infection during hospitalization, N (%) 36 (66.7)
Missing 5
Occurrence of infection before 3 months, N (%) 1(2.1)
Missing [
Occurrence of infection between 3 and 6 months, 8(24.2)
N (%)
Missing 2
Occurrence of infection between 6 and 12 months, 9 (40.0)
N (%)
Missing 1

Note: Professional categories were defined according to the 2020 nomenclature from
Insee, France. Cytopenia was defined by CTCAE criteria or requiring erythropoietin,
thrombopoietin, transfusions, or growth factors use.

Abbreviations: Allo-SCT, allogenic stem cell transplantation; auto-SCT, autologous
stem cell transplantation; CRS, cytokine release syndrome; CTCAE, Common
Terminology Criteria for Adverse Events; ECOG, Eastern Cooperative Oncology
Group; FL, follicular lymphoma; ICANS, immune effector cell-associated
neurotoxicity; LBCL, large B-cell lymphoma; MCL, mantle cell lymphoma;

PCNSL, primary central nervous system lymphoma; PMBL, primary mediastinal B-cell
lymphoma.

satisfaction with the frequency of hugs and kisses and their satisfaction
with the frequency of sexual intercourse.

Statistical analysis

Quantitative variables were described using mean (standard devia-
tion) and median (minimum-maximum). Qualitative variables were
described using number and percentage.

Compliance with PRO questionnaires was described for each
guestionnaire at each time point, reporting the number of completed
guestionnaires (i.e., at least one subscale available) in relation to the
number of patients still in the study at the theoretical time of ques-
tionnaire completion.

The proportion of patients with moderate to severe anxiety or
depression disorders according to HADS scores was also reported at
each time point. For the RSS questionnaires, patients were divided
into “positive impact” and “negative impact” groups, and their pro-
portion was reported at baseline and 6 months.

Mean scores were compared to the reference level of the general
population found in the literature for FACT-G,?® EQ-5D-5L,*8 FACIT-F,%°
FACT-Cog TS,?* and HADS.*°

Mean change at each follow-up time point compared to baseline
was also reported (if the questionnaire was analyzable at these two
time points) for each score, except for the RSS and the PCLS, with a
95% confidence interval (Cl). Paired t-tests were performed for

exploratory purposes to assess statistically significant change at a
threshold of 5%.

When possible, we established the minimum important differ-
ence (MID) for each PRO score to validate the clinically relevant
change in score as follows: three points for each subscale of the
FACT-Lym, seven points for the FACT-G and FACT-Lym TS,*7-31:32
eight points for the EQ-5D VAS, 0.07 for the EQ-5D utility score,3
four points for the FACIT-F scale,** 10 points for FACT-Cog
TS,2° and 1.5 points for anxiety and depression scores on the
HADS.%®

The mean change of the FACT-Lym TS at 6 months was reported
according to the presence or not of anxiety symptoms at inclusion,
gender, age, presence or not of cytopenia at 3 months, presence or
not of pain at 6 months, and PTSD or not at 6 months. The mean
change of the FACT-Cog TS was reported according to the occur-
rence or not of immune effector cell-associated neurologic syndrome
(ICANS).

The median follow-up of patients was calculated using the
reverse Kaplan-Meier method and described with its 95% Cl. p Va-
lues <0.05 were considered statistically significant. All analyses were
performed with the SAS software (version 9.4) (SAS Institute Inc.).

RESULTS
Patient sample characteristics at baseline

From March 2020 to August 2022, 59 patients were included in the
study. The median follow-up after CAR T-cell infusion was 11 months
(95% Cl: 7.6-13.3 months). Details of questionnaire completion are
reported in Figure 1. During the study, 19 patients (32.2%) experi-
enced disease progression and four patients (6.8%) died. At the end of
the study, the final follow-up dates were 3 and 6 months for 2 (3.4%)
and 11 (18.4%) patients, respectively, leaving 23 patients (39%)
assessable at Month 12.

Patients' characteristics are presented in Table 1. The median age
was 63 years (range: 19-78 years). There were 28 (47.5%) males and
31 (52.5%) females. Most patients had received two prior lines of
therapy (N=39, 66%). The main diagnoses were LBCL (N =44,
73.6%), FL (N =8, 13.6%), and MCL (N =5, 8.5%).

Quality of life

We found an improvement in HRQoL related to lymphoma
over time (Figure 2 and Supporting Information S1: Table 1).
The FACT-Lym TS showed a clinically relevant improvement in
HRQol at 3, 6, and 12 months after CAR T-cell infusion, with a
mean change from baseline of 10.94 points (95% Cl: 5.83; 16.05),
12.16 points (95% Cl: 4.19; 20.12), and 11.72 points (95% Cl:
2.06; 21.38) at 3, 6, and 12 months, respectively. The FACT-G
showed a significant improvement from baseline at 6 months and
the raw score reached the general population's normal values by
3 months.

The EQ-5D-5L VAS revealed a clinically relevant and statistically
significant improvement between 3 and 12 months after infusion
(Figure 2). The mean score of the EQ-5D VAS increased over time and
reached the general population's reference level by Month 3. The
proportion of patients complaining of severe problems or inability
decreased in almost all areas (Supporting Information S1: Figure 1). At
inclusion, 48 patients (69.1%) experienced pain. At 6 and 12 months
after infusion, about half of the patients were still presenting slight to
severe pain (50% and 55.6%, respectively). Notably, patients who
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experienced pain at 6 and 12 months usually already did so at
baseline (84.6% and 88.9%, respectively).

Cognition and fatigue

The FACT-Cog TS did not show any clinically relevant change from
baseline over time (Figure 3). No change was seen based on the
occurrence of ICANS. However, in six (19.4%), three (13.6%), and
five (33.3%) patients, the FACT-Cog TS showed a significant decrease
from baseline at 3, 6, and 12 months, respectively. The mean raw
score was similar to the general population's normal values with a
slight decrease at 12 months.

The FACIT-F scale showed clinically relevant improvement in
cancer-related fatigue at 3 and 6 months, but not at 12 months. The
mean raw score increased up to 6 months after infusion, then tended
to decrease and remained under the general population's reference
level at each time point. At 6 and 12 months, 21.4% and 35.3% of the

(A)
S0
25
0
Baselne Hospitalisation 3 months 6 months 12 months
N 44 39 39 28 17
(C)
150
125
S ® —— @ - .
100 *
75
50
Baselne Hospitalisation 3 months 6 months 12 months
N 46 39 39 26 17
FIGURE 3

patients, respectively, were reporting moderate to severe levels of
fatigue.

Psychological status

At baseline, 43.1% of patients presented moderate or severe anxiety
disorders (i.e., with a score >8), as measured by the HADS ques-
tionnaire (Figure 4). This proportion consistently exceeded the gen-
eral population's (the lowest being 23% at 3 months). The anxiety
score showed a clinically relevant improvement of anxiety from 6 to
12 months, statistically significant by month 3. The seven patients
who remained moderately or severely anxious at 6 and 12 months
(25.9% and 40.2% of evaluable patients, respectively) tended to be
younger (median age of 52 years (range: 42-73) versus 63 years
(range: 24-77) for the nonanxious patients), and 85.7% of them were
anxious at baseline. The number of patients with moderate or severe
depression symptoms (i.e., with a score 28) decreased over time from

.‘.
Improvement
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Mean fatigue and cognitive scores over time and mean changes from baseline. Mean scores over time and mean changes from baseline (with standard

error) of Functional Assessment of Cancer Therapy (FACT)-Fatigue subscale (A, B) and FACT-Cognition total score (C, D). Before leukapheresis, before Chimeric
antigen receptor T-cell infusion, and 3, 6, and 12 months after infusion. Change is considered significant when reaching the minimal important difference threshold,
represented by a red dotted line. Stars represent statistically significant results at the threshold of 5%. Reference population mean scores are represented by green

dotted lines when available.2%%¢
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Proportion of patients with anxiety or depression disorders according to Hospital Anxiety and Depression Scale (HADS) subscales and mean change from

baseline. (A) Proportion of patients with anxiety or depression disorders according to HADS subscales and (B) mean change from baseline (with standard error) of HAD
subscales. Before leukapheresis, before chimeric antigen receptor T-cell infusion, and 3, 6, and 12 months after infusion. Change is considered significant when reaching the
minimal important difference threshold, represented by a red dotted line. Stars represent a statistically significant change from the threshold of 5%. Reference population

mean scores are represented by green dotted lines when available.®°

24.4% at baseline to 13% at 12 months, with a lower proportion than
in the general population by 3 months. However, the changes in
depression scores over time were not clinically relevant.

At 6 months, 26% of the patients had a PCLS score 234
(indicating the need for medical attention), while 21.3% met the
diagnostic criteria for PTSD (i.e.,, a PCLS score >44) (Supporting
Information S1: Figure 2).

At 6 months, patients who presented anxiety at baseline or PTSD
symptoms at 6 months had a lower improvement of the FACT-Lym TS
from baseline (Figure 5). There was no difference in HRQoL improve-
ment from baseline linked to age, gender, and number of previous lines
of treatment.

Sexual health

The RSS suggested an improvement in sexual outcomes at 6 months
regarding sexual desire, ability to achieve orgasm, frequency of hugs
and kisses, satisfaction with sexual activity frequency, and frequency
of sexual activity (Supporting Information S1: Figure 3). Beyond
Month 12, 68.2% of assessable patients (N = 22) reported satisfaction

with their sexual lives. Additionally, 77.3% experienced either a stable
or positive impact from CAR T-cell therapy on their sexual lives, with
59% stating that it was similar or better than before their lymphoma
diagnosis. Only 6.8% of patients talked about their sexuality with
their healthcare providers.

Professional, social, and physical recovery

After a median follow-up of 19 months (range: 12-24), 22 patients
(37.3%) remained in remission after at least 12 months.

Less than half the patients (N =24, 42.9%) were professionally
active at the time of their lymphoma diagnosis. Regarding patients
who achieved remission after 12 months (Figure 6), among the 10
who were of working age (i.e., less than 62 years of age at the time of
CAR T infusion), half returned to work (N =5), including three full-
time. Overall, 20.8% of infused patients younger than 62 resumed
professional activity after CAR T-cell infusion. All were satisfied with
their current professional activity (i.e., found that their activity was in
accordance with their needs). The main cause for not resuming work
was fatigue: approximately 60% of the patients gave it as their reason
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FIGURE 5 Subgroup analysis of mean change of Functional Assessment of

Cancer Therapy-Lymphoma total score (FACT-Lym TS) at 6 months. Mean
change from baseline of FACT-Lym TS (with SD) at 6 months according to the
presence of anxiety symptoms at inclusion or not, gender, age, presence of
cytopenia at 3 months or not, presence of pain at 6 months or not, and
posttraumatic stress disorder at 6 months or not. Change is considered
significant when meeting minimal important difference (represented by a
dotted line). Differences between groups were relevant if the mean change
differences were highest than the MID (i.e., >7).

for remaining on sick leave, while one patient still suffered from
severe pain connected to the initial disease.

Of the 22 patients monitored long term, all but one practiced
physical activity before the initial diagnosis. Among those who had
previously been physically active, all patients resumed physical ac-
tivity after CAR T-cell treatment, albeit less intensively: 34.6% spent
more than 6 hours per week being physically active before diagnosis
of lymphoma versus less than 6 h for all patients after CAR T-cell
therapy. Overall, 66% of patients felt less fit than before their initial
diagnosis, but the majority (76%) reported stable or improved fitness
compared to the pre-CAR T period. Among patients who had social
activities (i.e., leisure or community activities) prior to lymphoma di-
agnosis (35.3%), 37.5% resumed their activities after CAR T-cell
therapy.

Most patients (77.3%) reported an improvement in their global
well-being compared to the pre-CAR T-cell period. Overall, 81.8%
were satisfied with their global well-being, and 54.5% considered that

they had recovered a day-to-day lifestyle close to the one they had
before their lymphoma diagnosis.

DISCUSSION

Here, we aimed to provide a comprehensive evaluation of HRQoL
recovery in lymphoma patients who achieved remission after CAR
T-cell therapy. To our knowledge, this is the first study to evaluate
patients' recovery in a multidimensional manner (physical, psycholo-
gical, social, sexual, and professional) and with such a long-term
follow-up. Our target population included unselected patients from a
variety of social and demographic categories. PROs were evaluated
prospectively using well-validated and specified questionnaires and
then compared to the general population norms.

Our patients' baseline FACT-G and EQ-5D-VAS scores were
lower than those of the general population.’®3” As assessed
using FACT Lym-TS, we found a clinically and statistically significant
improvement of HRQoL related to lymphoma from 3 months, main-
tained up to 12 months. EQ-5D-5L, which is a more generic HRQoL
score, also showed a significant improvement over time. Furthermore,
general population averages were reached within 3 months. These
results are consistent with other studies.4-¢-383?

The subgroup analysis of the FACT Lym-TS found no difference in
improvement in lymphoma-related HRQoL according to age, gender, or
number of previous lines of treatment. However, patients experiencing
anxiety at baseline or PTSD at 6 months had a lower degree of im-
provement than the population that was not symptomatic.

Psychological distress decreased following CAR T-cell therapy, al-
though a substantial proportion of patients remained affected over time.
Anxiety symptoms were reported at baseline in 43.1% of patients. We
observed an improvement in anxiety symptoms, even at the time of
hospitalization, perhaps due to optimism about the expected efficacy of
CAR T cells*® Change was statistically and clinically relevant from
Months 3 to 12. The proportion of patients with depressive symptoms
decreased over time, but change was not clinically relevant. The pro-
portion of anxious patients over time remained higher than that of the
general population, bearing in mind that the proportion of anxious pa-
tients was already high at baseline. At 12 months, 40.1% presented
anxiety symptoms, most of whom had anxiety prior to CAR T-cell
therapy. Furthermore, about 26% of patients had PTSD symptoms at
6 months. In other studies, the prevalence of anxiety and depressive
disorders at baseline are similar, ranging from 29% to 48% for anxiety
and from 11% to 30% for depression.®*%*! Two studies found the
prevalence of PTSD symptoms at baseline in 29% of patients before
CAR T-cell infusion.®*® Johnson and colleagues found a decrease in
psychological distress over time, with 22% of patients experiencing
anxiety and PTSD at 6 months. This suggests that PSTD is likely to be
present at baseline and not caused by the procedure. However, this
phenomenon is described after allogenous stem cell transplantation.*%43

Regarding fatigue, the mean FACIT-F score at baseline was lower
than the general population's average.?’ We found a significant im-
provement in fatigue after CAR T-cell infusion that was clinically
relevant at 3 and 6 months but not at 12 months. Presumably, once
patients resume their normal activities, fatigue is revealed and is per-
ceived as worse than expected. Besides, fatigue recovery did not reach
the level of the general population. Consistent with our findings, Patrick
et al. reported a meaningful improvement of fatigue from baseline by
month 9, maintained up to month 18 but still with 20% of patients
reporting deterioration. The MID was reached only at month 9 in the
axi-cel arm in ZUMA-7 and was not achieved in TRANSFORM.>38

Regarding cognitive complaints, the baseline level of our patient
population was similar to that of the general population, whereas we
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could have expected lymphoma patients to have lower cognitive
scores.**™4” No difference was seen based on the occurrence of
ICANS. A decline in neurocognition is described but not well eluci-
dated.® Available longitudinal results are inconsistent: PCl and im-
provement of neurocognitive performance between baseline and
12 months are both described.*>*® In TRANSFORM, 18% of patients
experienced a decline in cognition at 6 months, assessed by the
EORTCT-QLQC30 cognitive items.3? Our results support the stability
of perceived cognitive function over time.

Sexual health (i.e., sexual function, libido, frequency of intercourse,
and related satisfaction) tended to improve at Month 6. Long-term data
showed that the majority of patients experienced an improvement in their
sexual health after CAR T-cell treatment. However, in 41% of patients, it
did not return to what it was prior to their lymphoma diagnosis.

Persistent fatigue, psychological symptoms, and sexual dys-
function, described in 20%-40% of patients over time, appeared

to be present before CAR T-cell infusion. Psychological distress is
well described in hematological malignancies in patients who have
often experienced several treatments and relapses. A 5-year
follow-up study reported that one-third of lymphoma survivors
present PTSD symptoms.*® Fatigue is widely reported in cancer
survivors, particularly in hematological malignancies with 64% of
patients reporting moderate to severe fatigue.>®*’ Deterioration
of sexual health is also widely reported by cancer survivors
associated with mood disorders and fatigue.?”*>°°=5> Another
interesting finding was the persistence of pain over time: half of
the patients reported pain at 6 and 12 months, and most of them
already had pain at inclusion. In the JULIET study, clinically sig-
nificant improvement in pain was observed at 3, 6, and 18 months.
It affected 21% and 28% of patients at 12 and 18 months,
respectively, in the TRANSCEND trial.**>®® Lymphoma and its
associated treatments amount to a long journey, and some
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patients may benefit from specialized supportive measures and
rehabilitation care in the early stages of treatment.>6-¢°

The long-term follow-up survey (after 12 months) confirmed that
not all patients recovered a normal life. Within a year, half of the
working-age population resumed employment. These patients re-
present 21% of patients of this age group when related to the po-
pulation initially included. Finally, all patients seem to have become
aware of the importance of regular physical activity, even if they felt
less fit than before the disease. Although not all patients felt as well
as they did before diagnosis, most were satisfied with their current
lives, and their general well-being was in line with their expectations.

Our study brings novel insights regarding patients' recovery and
well-being after CAR T-cell therapy. First, to the best of our knowl-
edge, this is the first study to prospectively assess psychological
distress, PCl, and fatigue using specific questionnaires, such as FACT-
Cog and FACIT-F, which enabled a much more precise assessment
than the nonspecific EORTC questionnaire used in other studies.
Second, assessments were performed in the long term (up to
12 months), which had not been done in prior real-life studies. Third,
HRQoL questionnaires were compared to the general population,
which allowed us to assess whether the various parameters were
back to “normal” or not. Fourth, for the first time, we evaluated
sexuality after CAR T-cell therapy using a specific questionnaire (RSS).
Finally, our study is the first to assess the physical, social, and pro-
fessional recovery 1 year after CAR T-cell therapy. Indeed, it is im-
portant to evaluate whether patients can resume their professional
life after CAR T cells because 44% of them are under 60.

Our study has some limitations. First, the limited sample size of
our cohort. This restricted our ability to perform a robust subgroup
analysis or to accurately characterize patients with unfavorable PRO
evolutions. The completion rate was similar to other prospective
studies on quality of life after CAR T-cell therapy.>”*® However, the
number of questionnaires was a barrier to exhaustive completion and
may induce a nonresponse bias. We chose to explore HRQoL in re-
sponding patients, especially in line with clinical trials that analyzed
responders separately from nonresponders, but this may induce a
survivor bias.*>%! Also, the sample's relative heterogeneity may limit
our capacity to generalize our findings: our patient population com-
prised aggressive and indolent lymphomas with different treatment
histories.

In conclusion, we found that CAR T-cell therapy improves the global
quality of life in lymphoma patients who achieve remission, enabling a
resumption of daily life in about half of them. Nevertheless, some pa-
tients experience prolonged sequela and not all of them recover a
“normal” or “satisfying” life. Some symptoms may persist such as fatigue,
anxiety, depression, pain, and sexual health deterioration. Many of these
symptoms may be underdiagnosed if not investigated specifically. Phy-
sicians should be aware of these potential symptoms to manage them
efficiently and improve patients' well-being after CAR T-cell therapy.
Further studies are needed to identify factors associated with patients'
recovery following CAR T-cell therapy. This will be important to improve
patient management to facilitate and accelerate full recovery, such as
specialized rehabilitation care or psychological support during CAR T-cell
procedure,?45:56:57.60.62
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