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Summary

AIM OF THE STUDY: Chimeric antigen receptor T (CAR-
T) cells are a powerful form of immune-cell therapy for pa-
tients with relapsed/refractory B-cell lymphoma and acute
B lymphoblastic leukaemia. CAR-T cells have been com-
mercially available in Switzerland since 2018. Because of
the complexity and costs of this treatment it is critical to
review patient outcomes in real-world settings, to exam-
ine whether the promising results from pivotal trials can be
reproduced and to identify clinical parameters that deter-
mine their efficacy.

METHODS: Here we present results of a retrospective
study analysing outcomes of patients treated with CAR-
T cells in a single academic centre in Switzerland during
the first two years after commercial approval (BASEC-
No. 2020-02271). Cytokine release syndrome (CRS), im-
mune-cell associated neurotoxicity syndrome (ICANS), re-
sponses to treatment, ancillary laboratory studies and
administrative specifics of CAR-T treatment were exam-
ined and are discussed.

RESULTS: From October 2018 to August 2020 CAR-T
cell therapy was evaluated in 34 patients, mostly with re-
lapsed/refractory aggressive B-cell lymphoma (87% had
refractory disease). Thirty-one patients underwent leuka-
pheresis. Three of 31 patients (9.6%) died of rapid disease
progression before the CAR-T cell product was delivered,
two patients were enrolled into a clinical trial, three pa-
tients were not given CAR-T cells for other reasons. Ulti-
mately, 23 patients were infused with a commercial CAR-T
cell product and included in this analysis. Fourteen (61%)
patients received bridging therapy while waiting for a me-
dian of 41 days (range 31-62) for delivery of the CAR-
T cell product. Toxicity and severe side effects were rare
(CRS >3 in 13%, ICANS > grade 3 in 10% of patients),
manageable and resolved completely thereafter. The best
overall response rate was 65%, with complete responses
in 38% of lymphoma patients. At 12 months postinfusion,

61% of patients were alive and 35% progression free. With
a median follow-up of 14 months, 13/23 (56%) patients
were alive at the time of writing.

CONCLUSION: CAR-T cell therapy proved to be safe
and manageable under adequate hospital conditions. Out-
comes resemble results from pivotal trials. The majority
of patients was heavily pretreated and refractory at the
time of CAR-T cell infusion. Patient selection, time point
of leukapheresis, bridging strategies and timing of CAR-T
cell infusion may be critical to further improve outcomes.

Introduction

Patients with aggressive non-Hodgkin’s lymphoma, in-
cluding diffuse large B-cell lymphoma (DLBCL) and high-
grade B-cell lymphoma, who relapse after or are refractory
to first-line immunochemotherapy have an unfavourable
prognosis with <50% being cured with high-dose
chemotherapy and autologous stem cell transplantation
(ASCT) [1]. A large proportion of patients are not eligible
for ASCT because of comorbidities, chemorefractory dis-
ease, or relapse following prior ASCT [2]. For these pa-
tients there is an unmet need to improve outcomes [3,4].
CD19-directed chimeric antigen receptor-T (CAR-T) cell
therapy provides a new approach as clinical trials have
demonstrated high response rates after failure of several
lines of conventional chemotherapy and suggest that some
patients may even be cured [5-8].

In Switzerland, the first CAR-T cell product, tisagenlecleu-
cel (tisa-cel; CTL019; Kymriah®), was approved in Octo-
ber 2018 by Swissmedic, the national regulatory and su-
pervisory authority for drug and medicinal products. Based
on the pivotal phase II JULIET trial [9], tisa-cel is current-
ly available for patients with DLBCL after two or more
lines of immunochemotherapy including anthracyclines
and a CD20-antibody. Concurrently, tisa-cel has been ap-
proved for paediatric patients and young adults aged <25
years with relapsed/refractory acute B-lymphoblastic
leukaemia (B-ALL), on the basis of the ELIANA trial
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cohort [8]. In April 2019, axicabtagene ciloleucel (axi-
cel, Yescarta®) was approved for patients with DLBCL
and primary mediastinal large B-cell lymphoma, based on
the results of the ZUMA-1[10]. Within the last year, two
additional CAR-T cell products have been approved in
Switzerland, brexucabtagene autoleucel (KTE-X19; Tecar-
tus®) for relapsed/refractory mantle cell lymphoma, based
on the results of the ZUMA-2 study [12], and idecabtagene
vicleucel (ide-cel; Abecma®) for relapsed/refractory mul-
tiple myeloma, based on the results of the KarMMA trial
[13]. Finally, in March 2022, lisocabtagene maraleucel
(liso-Cel; Breyanzi®) was approved for aggressive lym-
phomas based on the results of the TRANSCEND study
[11].

All currently commercially available CAR-T cell products
are generated from patients’ autologous mononucleated or
selected T cells, which are obtained by leukapheresis at the
treatment centre. Cells are shipped fresh or frozen to the
manufacturing plant, where they are genetically modified
by retro- or lentiviral transduction and equipped with the
so-called chimeric antigen receptor. The CAR acts as a re-
ceptor protein that combines antigen binding via an extra-
cellular single-chain variable fragment with T-cell activat-
ing functions via the intracellular T-cell signalling domain,
augmented by a costimulatory molecule to enhance T-cell
potency. As mode of action, the autologous CAR-T cell is
able to identify and attack malignant as well healthy anti-
gen-expressing cells — regardless of the prior specificity
of the endogenous T-cell receptor and without its interac-
tion with human leucocyte antigen (HLA) molecules [14].
Once infused following lymphodepleting chemotherapy,
activated CAR-T cells massively expand in vivo, which
may be accompanied by an excessive immune response,
called cytokine release syndrome (CRS), and other side ef-
fects.

Many aspects of this cellular therapy are novel to all in-
volved parties and demand a close interaction and collab-
oration between (1) patient, referring haemato-oncologist,
haemato-oncologist and cellular therapy team at the CAR-
T cell treatment site, including an apheresis unit and clin-
ical cell laboratory; (2) physicians of several specialties at
the treatment site involved in risk management; (3) treat-
ment site, pharmaceutical companies and insurance com-
panies; and finally (4) insurance companies and pharma-
ceutical companies. Whereas initially only a few selected
centres were able to offer this new form of cellular treat-
ment, by now several centres in Switzerland are committed
to becoming CAR-T cell treatment sites in the near future.
A broader availability of CAR-T cell sites may be nec-
essary since the number of approved CAR-T products is
rapidly increasing, opening this treatment opportunity to a
broader patient population.

Here, we present the experience of establishing a CAR-T
cell programme at a large University Hospital in Switzer-
land. We highlight administrative, regulatory and medical
hurdles encountered and report outcomes of consecutive
patients treated with CAR-T cells during the first 2 years
after CAR-T cell approval.

Methods

Adult patients evaluated for anti-CD19 CAR-T cell thera-
py at the University Hospital Zurich between October 2018
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(date of first approval of CAR-T cell therapy in Switzer-
land) and August 2020 were retrospectively analysed. The
use of CAR-T cell therapies was in accordance with the of-
ficial Swissmedic approval of the respective CAR-T cell
product. Basic information was retrieved from the docu-
mentation files of the data management for cellular ther-
apies. Data were supplemented with information from the
CAR-T cell therapy coordinators and patient charts. The
study was approved by the local ethics committee (BASEC
Nr. 2020-02271) and conducted in accordance with the De-
claration of Helsinki. Patients <18 years of age or who re-
fused their general research consent were excluded.

Handling of cells

Leukapheresis to collect mononucleated cells for CAR-T
cell production was performed using a Spectra Optia de-
vice (Terumo BCT, Lakewood, USA) according to the re-
quirements stated by the company. CAR-T cells were pro-
duced at the manufacturing plant of the respective
company. CAR-T cells were thawed and infused 48-72
hours after a 3-day course of lymphodepletion with flu-
darabine (25 mg/m?) and cyclophosphamide (250 mg/m?).
The target dose of 2 x 10° CAR-T cells per kilogram body
weight was reached in all patients.

Factors potentially affecting outcomes

The following clinical variables were retrospectively
analysed:

— Time-span from addressing insurance companies (date
of initial correspondence) until approval of cost cover-
age of the treatment.

— Time from placing the order until receipt of the CAR-T
cell product at the hospital.

— Number of prior treatment lines; bridging therapy be-
tween leukapheresis and CAR-T cell infusion.

— Disease status at the time of patient evaluation and ini-
tiation of the CAR-T cell process.

Outcomes following CAR-T cell therapy

Response to treatment and remission status for B-cell lym-
phoma was based on positron emission-computed tomog-
raphy (PET-CT) results 3 months after CAR-T treatment
according to Lugano staging [15]. Among patients with B-
ALL, complete remission was defined as complete mor-
phological response (<5% blasts in bone marrow).

Side effects of CAR-T cells and their treatment

Cytokine release syndrome (CRS) and immune cell asso-
ciated neurotoxicity syndrome (ICANS) were assessed and
graded according to the consensus criteria of the Amer-
ican Society for Transplantation and Cellular Therapy
(ASTCT) twice per day during hospitalisation (minimum
of 10 days after CAR-T infusion) [15]. CRS was diagnosed
and scored based on the occurrence of fevers, hypotension
and hypoxia. Grading ICANS involved assessment of the
10-point “immune effector cell-associated encephalopa-
thy" score, levels of consciousness, occurrence of seizures,
motor findings and increased intracerebral pressure. CRS,
ICANS and other toxicities were treated according to
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ASTCT recommendations with the anti-interleukin-6
(IL-6) receptor antibody tocilizumab and/or steroids.

Ancillary laboratory assessments

The following laboratory parameters were regularly as-
sessed within routine laboratory studies: IL-6 (serum upper
limit <7pg/ml (Cobas 8000, Roche, Rotkreuz, Switzer-
land)); c-reactive protein (CRP) (normal <5mg/l); lactate
dehydrogenase (LDH) (normal 240-480 U/l). Measure-
ments of peak circulating CAR-T cells in the blood were
performed by flow cytometry (CAR Detection Reagent,
Miltenyi Biotec, Bergisch Gladbach, Germany; CAR =
chimeric antigen receptor), once this kit was commercially
available in 2020.

Statistical analysis

Statistical analyses were performed using Prism 8.0
(GraphPad Software, San Diego, USA) and R version
4.0.3. For comparison of ordinal data we applied the
Mann-Whitney-U test and Wilcoxon rank sum exact test.
The alpha level was set at 0.05. Estimation of survival was
done by the Kaplan-Meier method using R.

Results

General aspects of CAR-T cell therapy

Figure 1 displays key processes and interactions around
CAR-T cell therapy.

In Switzerland CAR-T cell treatment sites are required to
be JACIE (Joint Accreditation Committee ISTC EBMT)
accredited. Currently, site selection for specific CAR-T
cell products is directly negotiated between the pharma-
ceutical company and the hospital. Treatment centres must
have access to an apheresis facility, a cellular processing
laboratory and an appropriate storage facility for gene-
modified cellular products. The complex onboarding
process involves contract negotiations (regulating order
and cancellation conditions; billing; data protection of
health-related patient data), training of site staff and audits
of the facilities. Finally, the hospital has to perform inten-
sive risk management training, as side effects are common
and often require interdisciplinary management including
neurological assessments and intensive care treatment.

Patient selection and characteristics

In total, 34 patients were evaluated for CAR-T cell therapy
at our centre from 10 October 2018 to 08 August 2020. As
displayed in figure 2, 23/34 patients were ultimately in-
fused with a commercial CAR-T product, whereas two pa-
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Figure 1: General aspects of establishing a CAR-T cell programme include the qualification and onboarding procedures, which involve both
treatment centre and pharmaceutical company (pink); reimbursement issues, patient selection and referral strategies, interdisciplinary risk
management, which involve mostly the CAR-T cell treatment centre (blue); and approval, reimbursement issues, registries, as well as the pro-
duction process per se, which is organised and managed by the pharmaceutical company.
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Figure 2: Patient evaluation, selection, leukapheresis, and treat-
ment with CAR-T cells at our single centre after the approval of
CAR-T cells, between November 2018 and August 2020. Of 34
patients who were evaluated for CAR-T cell therapy, 3 patients did
not undergo lymphapheresis because of denial of insurance cover-
age (n = 2) or successful salvage therapy (n = 1). Thirty-one pa-
tients underwent lymphapheresis. Twenty-three of 31 patients
were infused with CAR-T cells, and 8 patients did not reach the in-
fusion date for various reasons.

34 patients evaluated for
CAR T-cell therapy

3 patients not eligible
—»| - No insurance coverage (n=2)
- Successful salvage therapy (n=1)

Successful lymphapheresis in n=31

Fulminant disease progression (n=3)
No insurance coverage (n=1)
Successful bridging therapy (n=1)
Production failure (n=1)

Participation in a clinical trial (n=2)

Commercial CAR-T cell infusion in n=23

A4 J

Axi-cel n=3

Tisa-cel n=22*

tients achieved a complete remission with salvage/bridging
therapy and were not taken to CAR-T cell consolidation;
three patients were denied insurance coverage (one of them
still underwent leukapheresis); three had rapid lymphoma
progression and died before infusion of the CAR-T cell
product, in one patient the production of CAR-T cells
failed, and two patients were enrolled into a phase III clin-
ical trial and were thus excluded from this analysis. Of
the remaining 23 patients, 20 received tisa-cel, and 3 were
treated with axi-cel.

The imbalance of tisa-cel and axi-cel in our patient cohort
was due to the fact that tisa-cel was approved 6 months ear-
lier, and our site was opened for axi-cel only later. Of note,
certain clinical and logistic factors, such as central nervous
system (CNS) involvement and flexibility in timing of the
leukapheresis may influence treatment decisions regarding
the choice of the CAR-T cell product.

Figure 3: (A) Time from requesting reimbursement of CAR-T cell
therapy until confirmation of cost coverage by the health insur-
ance. The Y-axis is arranged in chronological order. Patients 1—14
were treated before January 2020, the date of the decision of the
Federal Office of Public Health of the Swiss Confederation to in-
clude CAR-T cell therapy in the list of obligatory benefits to be cov-
ered by the insurance. (B) Age. (C) Karnofsky performance sta-
tus. (D) Prior lines of therapy in patients treated in 2019 vs 2020.
(E) Remission status at the time of CAR-T cell infusion in patients
with acute lymphoblastic leukaemia (ALL), non-Hodgkin's lym-
phoma (NHL) and the total cohort.
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When CAR-T cells first became available in Switzerland,
the situation regarding their reimbursement was not clari-
fied, and securing cost coverage from the insurance com-
pany and cantonal office was time-consuming with a me-
dian of 17 days in 2019 (range 6-58) from requesting to
obtaining cost coverage. This process improved in 2020
with inclusion of CAR-T cell therapies in the Federal Of-
fice of Public Health’s list of reimbursed treatments to
be covered by the obligatory health insurance (median 11
days, range 334 days) (fig. 3A).

Table 1:
Patient characteristics.
Total (n=23) NHL (n=21) B-ALL (n=2)
Median age (range) 61 (20-76) 62 (20-76) 22 (20-24)
Female, n (%) 5 5(23.9 %) 0
Disease status at CAR-T cell infusion, n (%)
Disease status at CAR-T cell infusion, n (%) Progressive disease 17 (73) 17 (80) 0 (0)
Stable disease 3(13) 2 (10)) 1(50)
Partial remission 2(9) 2(10) 0(0)
Complete remission 1(4) 0(0) 1(50)
Number of prior treatment lines, mean (range) 3.6 (2-7) 3.6 (2-7) 4 (3-5)
History of CNS involvement 2 2 0
CAR-T cell product tisa-cel 20 17 2
axi-cel 3 3 0
Median observation period, d (range) 412 (4-798) 403 (4-798) 593 (412-775)

B-ALL: B-cell acute lymphoblastic leukaemia; CNS: centrald nervous system; NHL: non-Hodgkin's lymphoma
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Table 1 and Figure 3B-3E provide details on patient char-
acteristics by year.

The median age of the total cohort was 61 years (range
20-76), and 76% of patients were male. Most patients
had lymphoma (21/23), whereas only two B-ALL patients
were treated with CAR-T cells during this time period.
Two of the lymphoma patients had a history of CNS in-
volvement (but no active disease at the time of CAR-T
cell infusion); the two B-ALL patients had no CNS in-
volvement. Karnofsky performance status was between 70
and 100%, except for one patient with morbid obesity and
fulminant disease, who was severely disabled (formally
Karnofsky 30%) (fig. 3C). Patients were heavily pretreated
with an average number of 3.6 prior lines of therapy (range
2-7) for NHL and 4 (range 3-5) for B-ALL. The maxi-
mum number of prior lines of therapy was higher in 2019
(average 3.8, range 2—7) than in 2020 (average 3.2, range
1-4) (fig. 3D, p = 0.546). Sixty-one percent of patients (14/
23) required bridging therapy because of symptoms or pro-
gression of disease. Yet at the time of CAR-T cell infusion,
87% (20/23) of the patients had refractory disease (17 pa-
tients with progressive and 3 with stable disease).Two pa-
tients achieved a partial remission and one a complete re-
mission with bridging treatment (fig. 3E).

Leukapheresis and manufacturing of CAR-T cells

CAR-T cell products are ordered via an online portal of
the respective pharmaceutical company. Currently, for pro-
duction of tisa-cel, cells are cryopreserved at the treatment
site before shipping to manufacturing facilities in the Unit-
ed States or Europe (including a site in Switzerland). For
all other approved (and soon to be approved) CAR-T cell
products fresh cells are picked up by a courier and frozen
at a centralised facility in Europe prior to shipment to the
manufacturing plant, or in the US at the manufacturing
site. The timing of leukapheresis is a critical factor in the
treatment process: collection of T cells for CAR-T cell
production should be performed at a time period with-
out chemotherapy and other T-cell suppressive/depleting
agents (minimum 3-5 days for steroids; low-dose cytotox-
ic agents: 14 days; lymphotoxic chemotherapeutic agents
such as clofarabine, fludarabine: 2 months; immunosup-
pressive agents 14 days). Identifying the optimal time
point for lymphocyte collection in patients who are often
heavily pretreated, present with severe lymphopenia and
may urgently require lymphoma-directed treatment can be
challenging. In our patient cohort the median absolute
number of T cells per microlitre blood at the time of lym-
phocyte collection was 498 (range 193-2746; normal
range: 530-1790) (fig. 4A).

Of note, in the majority of patients there was a shifted,
abnormal CD4/CD8 ratio with a dominance of CD8" T
cells in the blood (fig. 4B). In our cohort, in all but one
patient one single apheresis session yielded sufficient T
cells (median 5.43 x 10° CD3" T cells absolute; range
0.76-28.8 x 10, fig. 4C). Product information was avail-
able only for tisa-cel (for axi-cel all product features were
“in range”). A median of 2.971x 105 CAR-T cells/kg
bodyweight (range 1.6-12.96 x 10°, fig. 4D) with a median
viability of 86% were delivered for administration. CAR-T
cell production failed in one patient.

Swiss Med WKkly. 2022;152:w30186

A median of 41 days (range 31-62) passed from placing
the order to the day of CAR-T cell delivery to the treatment
centre (fig. 4E). The time from production start to delivery
of the CAR-T cell product to the treatment site was shorter,
overall very consistent (3.5-4 weeks) and includes in vitro
manufacturing of approximately 9—10 days, quality test-
ing, product release for infusion and shipment logistics.

CAR-T cell therapy outcomes

The overall response rate of all treated patients was 47%
(11/23) at 3months after CAR-T infusion (fig. 5A), with a
complete response rate of 28.5% (6/21) for lymphoma pa-
tients.

Both patients with ALL were in complete remission with
minimal residual disease negate at this time. The best over-
all response rate to CAR-T cell treatment for all patients
achieved at any time point was 65% (15/23) and best com-
plete response rate was 43% (10/23). These outcomes are
in line with what has been reported in for the pivotal stud-
ies of tisa-cel, axi-cel, and liso-cel (table 2), and published
real-world experiences (table 3).

Of note, of the 81% (17/21) of lymphoma patients with dis-
ease progression at the time of CAR-T cell infusion, 23%
(4/17) achieved a complete response at 3 months after the
infusion. The number of patients who converted from par-
tial to complete response at 3 months after CAR-T cell in-
fusion was 66 % (2/3). Within the first year after CAR-T
cell therapy, 65% (15/23) of the patients suffered from dis-
ease progression (fig. 5B). Overall survival at 1 year after
CAR-T cell infusion was 61% for lymphoma patients (fig.
5C). The median observation period was 412 days (range
4-798).Seven patients never responded to CAR-T cells
and two patients had disease progression after showing at
least a partial response at 3 months. All deaths were related

Figure 4: (A) Absolute T-cell counts in the peripheral blood prior to
leukapheresis for CAR-T cell production. Grey marks the normal
range (530-1790 T cells per microlitre). (B) CD4/CD8 ratio display-
ing a dominance of CD8+ T cells in the blood. Grey marks the nor-
mal range (1-5). (C) T-cell yield after leukapheresis. (D) Number
of transduced CAR-T cells/kg bodyweight infused into patients
treated with tisa-cel. These numbers are not available for patients
treated with axi-cel. ). Turn-around time from placing the order to
delivery of the CAR-T cell product to the treatment site in 2019 and
2020.
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Table 2:
Response to CAR-T cell therapy in clinical trials.
Author Trial CAR-T n Median FU |ORR CR Median OS [0S Median PFS med DOR
product PFS
Locke ZUMA-1,2y |Axi-cel ITTn=119; mITT |[27.1m 83% 58% Not reached 59m 11.1m
FU n = 108; Evaluable
Jacobson  |ZUMA-1,4y n =101 51.1m TT17.4m; [ITT @4y
ASH 2020 |FU miTT 25.8 |41%; mITT
1187 @ 4y 44%
Schuster JULIET Tisa-cel Infused n = 93 14 m 52% 40% @12 m 65%
2019 (CR pts:
79%)
Jaeger ASH | JULIET Infused n=115 40.3m Al: 11.1m; (@12 m: CRpts: NR |@24 m
2020 1192 CRpts: NR |48.2%; @ 33%; @ 36
24 m m 31%; Re-
40.4%; sponders:
@36m @24+30 m:
36.2% 60.4%
Abramson | TRANSCEND | Liso-cel L'aph n=344;In- |18.8 m(for |73% 53% 211 m @6 m 6.8 m @6 m NR
2020 NHL 001 fused n = 294; all 344) from 74.5%; 51.4%; @12
Liso-cel n = 269; L'aph @12m m44.1%
00S n = 25; 57.9%
Evaluable n = 256

L'aph: leukapheresed; m: months; ITT: intent-to-treat; mITT: modified intent-to-treat; FU: follow-up; ORR: overall response rate; CR: complete remission; OS: overall survival; PFS:
median progression-free survival; DOR: duration of response; NR: not reached

to progression or relapse of the underlying B-cell neopla-
sia. Treatment of relapsed disease after CAR-T cell thera-
py was based on individual decisions and included conven-
tional regimens (e.g., R-Gem-Ox, radiotherapy) and more
targeted approaches (e.g., venetoclax, polatuzumab, pem-
brolizumab).

CRP showed no significant difference between patients
with disease progression at 3 months and patients in remis-
sion (data not shown).

Side effects and toxicity of CAR-T cells

CRS of any grade was found in 74% (17/23) of the pa-
tients, CRS of grade >3 in 13% (3/23). Two of the lat-
ter three patients received tocilizumab. The median onset
of CRS was 2 days after CAR-T infusion (range 1-10). Af-
ter day 10, none of the patients experienced CRS symp-
toms. Within our cohort, 30% (6/20) of tisa-cel patients
developed ICANS (1/20 with grade 3), and oneof the three-

In order to stratify patients retrospectively into those with
the biggest benefit versus those who may not achieve dis-
ease remission we analysed baseline LDH levels before
CAR-T cell infusion, as an indicator of tumour burden.
Maximum LDH levels in the week prior to CAR-T cell in-
fusion were significantly higher in non-responders (mean

1008 U/l, range 197-2176) compared with responders
(mean 471 U/l; range 293-1222, p <0.05, fig. 5D). Other
laboratory baseline characteristics such as IL-6, ferritin or

patients treated with axi-cel (grade 3). ICANS was always
accompanied by CRS. Overall, 13% (3/23) of patients
were transferred temporarily to the intensive care unit. IL-6

Table 3:
Response to CAR-T cell therapy in “real-world” data collections.
Author |Group CAR-T n Median FU ORR CR Median | OS Median | PFS med DOR
product oS PFS
Nastoupil | US Lymphoma | Axi-cel L'aph n =298; In- |12.9 m from |82% 64% NR @12 m 68% 83m |@12m47% NR
LJ 2020 |CAR-T consor- fused n = 275 infusion
tium
Jacobson | Retrospective | Axi-cel Infusedn=122 (104 m 70% 50%: NR @12m67% 4.5;CR 11m
2020 multi-centre @6 m41% pts NR
Vercellino | French Lym- | Tisa-cel n = 116 identified {8.2 m 52.5%* NA NA @6m785%; (74m |@12m47.2%
2020 phoma Study |n =49; @12 m 67%

Association Axi-cel

n =67
lacoboni |GETH, Tisa-cel Laphn=91;In- [14.1 fromin- [60% 32% 10.7 m |CR pts; 3m CR pts. @12m 87%; (8.9 min
2021 GELTAMO fused n =75 fusion @12 m 93% All: @6 m 33.3%; responders
Spanish @12m 31.7% (CR/PR)
Groups
Sesques |Single centre | Tisa-cel L'aphn=70;In- |5.7 mfromin- |@1 m 63%; @1m 11.8; @6 m 68% 3m @6 m 44% PR pts:
2020 France n = 33; fused n =61 fusion @3 m 45%j; 48%); CR pts. 1.8m; CR
Axi-cel Best ORR 66% | @3 m 39% |NR pts NR
n=28
Pasquini | US cellular Tisa-cel NHL: n =155 11.9m 61.8% 39.5 13.06 |@6 m70.7 4.21 @6 m 38.7 6.32
2020 therapy reg-
istry CIBMTR
Stolz Single centre | Axicel; Ti- [L'aph: n=31;In- |Total: 13.5 m; | Total 65%; L: |Total 43%; |L: L@ 1y:
2021 University Hos- | sa-cel fused n = 25; L:13.2m; 61.9%; ALL: L: 38%; 17.2m; [61.5%; @2y:
pital Zurich Analysedn=23 |[ALL:19.7m |[100% ALL: 100% |ALL: 44.9%; ALL:
NR NR

L'aph: leukapheresed; m: months; FU: follow-up; ORR: overall response rate; CR: complete remission; OS: overall survival; PFS: progression-free survival; DOR: duration of re-
sponse; NA: not available; NR: not reached; L: lymphoma; ALL: acute lymphoblastic leukaemia
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levels were monitored daily following CAR-T cell infu-
sion and reached a peak between day 5 to 7. Baseline IL-6
levels (2.7 to 130 pg/ml) on the day of CAR-T cell infusion
were not associated with the risk of developing CRS (da-
ta not shown). Patients with CRS had significantly higher
IL-6 peak levels compared with those without CRS (medi-
an IL-6 peak 177.8 pg/ml in CRS patients vs 21.27 pg/ml
in non-CRS patients, p <0.01, fig. 5E). The median IL-6
peak in patients with ICANS was 1271 pg/ml and signif-
icantly higher than in those without ICANS (42.9 pg/ml,
p <0.01). All side effects resolved with adequate therapy
without residual problems.

Monitoring CAR-T cells

Before monitoring CAR-T cells in the blood of patients
by flow cytometry or PCR testing was established at our
centre, we performed retroviral human immunodeficiency
virus (HIV) PCR measurements as an indicator of retrovi-
ral DNA. Data are available for 17 patients between days 3
and 30 after CAR-T therapy, in 12 of whom we detected a
positive retroviral signal at PCR level at least once during
the observation period. We report this result as patients and

Figure 5: (A) Response to treatment at 3 months after CAR-T cell
infusion in patients with acute lymphoblastic leukaemia (ALL), non-
Hodgkin’s lymphoma (NHL) and the total cohort. (B) Kaplan-Meier
estimates of progression-free survival, and (C) overall survival in
patients with ALL and NHL. (D) Baseline levels of lactate dehydro-
genase (LDH) in responders (complete [CR] and partial remission
[PR] at 3 months after CAR-T cell infusion) versus patients with
progressive disease at this time point. LDH level was obtained be-
tween day —7 and day —1 prior to CAR-T cell infusion. (E+F) Peak
levels of interleukin-6 (IL-6) following CAR-T cell infusion in pa-
tients who developed cytokine release syndrome (CRS) (E) and
immune-cell associated neurotoxicity syndrome (ICANS) (F) ver-
sus those without CRS/ICANS.
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physicians need to be aware and informed that following
CAR-T therapy HIV screening may turn “false” positive.

From 2020 on, CAR-T specific flow cytometric assays for
tisa-cel and axi-cel were established at our site. We present
data of four patients to illustrate the dynamics of CAR-T
expansion in the peripheral blood. To put CAR-T levels in-
to clinical context the corresponding IL-6 and CRP levels,
CRS grading and clinical parameters are also displayed.
Figure 6A shows a 76-year-old patient with a relapsed lym-
phoma following ASCT who was treated with axi-cel.

He had an increase of IL-6 and CRP in the days following
CAR-T cell infusion and developed CRS grade 1 and
ICANS grade 3. Simultaneously, an expansion of CAR-
T cells, comprising up to 57.4% of T cells in the blood,
was detectable. He responded well to treatment and has
been in a complete remission for >15 months at the time
of writing. Figure 6B displays images and clinical para-
meters of a 58-year-old patient with chemorefractory dis-
ease. She tolerated tisa-cel treatment well with no CRS and
no ICANS. CRP and IL-6 were both elevated, without a
clear infectious focus, but CAR-T cells were detected on-
ly at lower levels in the blood. Her large lymphoma mass
in the psoas major muscle resolved initially, but there was
an early relapse at 3 months after cellular therapy. Patient
C was a 69-year-old patient with relapsed DLBCL follow-
ing ASCT, who was given tisa-cel following two cycles of
salvage therapy with R-ICE, who had neither elevated in-
flammatory markers nor high levels of CAR-T cells in the
blood, nor signs of toxicity. Yet he responded well to treat-
ment and has been in a sustained complete remission for
>20 months (fig. 6C). Patient D was a 24-year-old man
with B-ALL, who suffered from a molecular relapse of dis-
ease following allogeneic haematopoietic cell transplanta-
tion. He did not respond to blinatumomab and donor lym-
phocyte infusions, but has been in a complete molecular
remission for more than one year since he was infused with
a single dose of tisa-cel (fig. 6D). He developed clinical
signs of CRS, but displayed no increase of inflammatory
blood markers, nor high numbers of CAR-T cells in the
blood. These examples illustrate that there is no simple as-
sociation that can be generalised between IL-6 levels, CRP,
CAR-T cell counts, CRS manifestations and response to
treatment.

Discussion

CAR-T cells are a milestone in improving therapies for pa-
tients with relapsed and/or chemo-refractory B-cell malig-
nancies, and may soon move into earlier lines of therapy.
Available data from the pivotal studies and real-world reg-
istry data confirm the proof-of-principle that CAR-T cells
can be highly effective and potentially even curative in
some patients. Their efficacy and safety was reproducible
in our cohort. Yet there remains room for improvement to
increase the rate of those achieving long-term remissions
following CAR-T cell treatment. One strategy for improv-
ing outcomes with currently available CAR-T cell products
will rely on patient selection and timing of the treatment.
Particularly patients with poor-risk genetics (e.g., double-
hit, triple-hit) who do not respond to first-line chemother-
apy have a very high chance of also not responding to sal-
vage therapy and should be evaluated early for CAR-T cell
treatment. Higher cumulative doses of lymphotoxic treat-
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ments presumably impair the endogenous functions of au-
tologous T cells, which are the basic ingredient for CAR-T
cell production.

First published real-world data, in comparison with trial
results, underline the importance of patient selection: pa-
tients with poor performance status and high LDH, both in-
dicators of high tumour burden, who mostly require bridg-
ing therapy, have worse outcomes compared with those
with ECOG <1, normal LDH and controlled disease [10].
Consistent with these reports, in our cohort high LDH lev-
els pre-CAR-T-cell treatment were also predictive of dis-

Figure 6: Time course of CAR-T cell detection in the blood during the first 40 days in
representative patients. (A) 76-year-old pa-tient with relapsed lymphoma, treated with axi-cel and
displayed an expansion of CAR-T cells up to 57.4% in the

blood. (B) 58-year.old patient with chemorefractory disease, who had elevated CRP and IL-6, but
not CRS and no ICANS following tisa-cel. CAR-T cells reached a maximum of 9.8% in the blood.
(C) 69-year-old patient with relapsed DLBCL, treated with tisa-cel, who had neither elevated
inflammatory markers nor high levels of CAR-T cells in the blood, nor signs of toxicity. (D) 24-year-
old pa-tient with B-ALL, suffering from molecular relapse (as indicated by the IgG/TCR markers of
minimal residual disease) following allo-geneic haematopoietic cell transplantation; he did not
respond to blinatumomab and donor lymphocyte infusionswhen he was given a single dose of
tisa-cel. He developed clinical signs of CRS, but displayed no increase of inflammatory blood
markers, nor high numbers of CAR-T cells in the blood.Figure 6Time course of CAR-T cell
detection in the blood during the first 40 days in representa-tive patients. (A) 76-year-old patient
with relapsed lymphoma, treated with axi-cel and displayed an expansion of CAR-T cells up to
57.4% in the blood. (B) 58-year.old patient with chemorefractory disease, who had elevated CRP
and IL-6, but not CRS and no ICANS following tisa-cel. CAR-T cells reached a maximum of 9.8%
in the blood. (C) 69-year-old patient with relapsed DLBCL, treated with tisa-cel, who had neither
elevated inflammatory markers nor high levels of CAR-T cells in the blood, nor signs of toxicity.
(D) 24-year-old patient with B-ALL, suffering from molecular re-lapse (as indicated by the IgG/TCR
markers of minimal residual disease) following allogeneic haematopoietic cell transplantation; he
did not respond to blinatumomab and donor lymphocyte infu-sionswhen he was given a single
dose of tisa-cel. He developed clinical signs of CRS, but displayed no increase of inflammatory
blood markers, nor high numbers of CAR-T cells in the blood.
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ease progression at 3 months. Particularly during the first
year of access to CAR-T cells, patients were heavily pre-
treated with up toseven lines of prior therapy. The high
proportion of refractory patients in our lymphoma popu-
lation may explain the shorter progression-free survival of
35% for lymphoma patients at 12 months compared with
65% in the JULIET-trial. The overall response rate at 3
months was 47% and best overall response rate was 65%
in our cohort, which is comparable to results from the
JULIET study. Best overall response rate was higher in
ZUMA-1 (83%). Such differences between the ZUMA-1,
JULIET and TRANSCEND trials, but also between trial
and real world data, can partly be explained by patient se-
lection strategies, and whether patients who needed bridg-
ing therapy were in- or excluded from the study. Accord-
ingly, the proportion of patients with refractory disease was
30% in ZUMA-1 and 55% in the JULIET study, but as
high as 87% in our unselected patient cohort. The need
for bridging therapy is based on clinical judgement to de-
crease tumour burden and achieve symptom relief — but
also the anticipated turn-over time from confirming the
indication for CAR-T cell treatment until delivery of the
finished product. Sixty-one percent of our patients were
given bridging therapy. In comparison, 92% of the JULIET
study cohort received bridging therapy whereas the ZU-
MA-1 study did not include patients in need of bridging
treatment.

Manufacturing CAR-T cells usually requires less than 10
days, followed by another period of up to 10 days for
quality testing for release of the product and shipping. By
now production capacity all over the world has increased
substantially, and this factor appears no longer limiting
for lymphoma patients. Yet, for example, in the ZUMA-1
study the reported time from leukapheresis to CAR-T cell
infusion was 23 days (range 21-28). This time span was
substantially longer in our real-world cohort, with a medi-
an 41 days, a factor that may also contribute to worse out-
comes in real-world experience.

Three to 12 days after infusion, CAR-T cells become ac-
tivated, expand in vivo and circulate through the blood-
stream. The dynamics of in vivo expansion do not adhere to
the pharmacokinetics of common drugs, but rather depend
on tumour mass, lymphodepleting chemotherapy, and also
multiple humoral inflammatory cytokines and growth fac-
tors, as well as endogenous T-cell parameters of immune
reactivity [16]. Flow cytometry or PCR tests are tools to
monitor CAR-T cells in the weeks and months following
treatment [17, 18] and may help to guide treatment deci-
sions in those not achieving a complete response [19]. We
and other centres have started monitoring CAR-T cell ac-
tivity in vivo either indirectly by assessing B-cell aplasia or
hypogammaglobulinaemia, or directly by flow cytometry
or PCR tests. As of now, the meaning of detecting or not
detecting CAR-T cells in the blood stream at distinct time
points is not fully clarified. We anticipate that in the near
future such information may guide treatment decisions re-
garding subsequent salvage treatments in the case of CAR-
T cell loss and failures, or immune modulating strategies
in the case of CAR-T cell persistence but insufficient im-
mune activity.

Toxicities, including CRS and ICANS, vary considerably
among individual patients and CAR-T cell products. In
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general, risk factors for CRS include high tumour burden
and the presence of active infection at the time of infusion
[20-22]. In patients with DLBCL, evidence is emerging
that the interaction of several factors such as tumour bur-
den, individual immune status, IL-6 levels and peak num-
bers of CAR-T cells will help to predict and manage treat-
ment-related toxicities more effectively [23]. Also, in our
patient cohort the mean IL-6 level was significantly higher
in patients with CRS or ICANS than in those without.
In general though, the incidence of severe forms of CRS
(grade >3) in our experience was low and well manageable
using established guidelines [24]. Our patient cohort also
included patients with a history of CNS involvement — and
these patients did not experience high-grade ICANS. This
is in line with increasing experiences on the use of CAR-
T cells in patients with CNS involvement, indicating that
toxicity rates and outcomes are comparable in those with
and without CNS involvement [25, 26].

In conclusion, CAR-T cell therapy is safe and well man-
ageable in adequate hospital settings with a trained in-
terdisciplinary team. Selected patients can benefit greatly
from this potent treatment, but at the same time, CAR-T
cells pose a strain on the health system. Now is a critical
time for the community of haemato-oncologists to learn
how to use these powerful therapies in a responsible man-
ner and the most efficient way to bring greatest benefit at
the lowest rate of complications to those in biggest need.
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