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248 patients in the R-CHOP/R-
DHAP arm of MCL Younger during  

2004 – 2010 

16 excluded 
• 12 not MCL 
• 2 untreated 
• 1 received R-B 
• 1 stage I 

232 R-CHOP/R-DHAP included in 
the present analysis 

110 treated with R-B during 2012 - 2020 

13 did not retrospectively 
meet MCL Younger 
eligibility criteria 
• 8 comorbidities 
• 3 ECOG 3-4 
• 2 stage I 

97 R-B included in the present analysis 

75 ASCT 181ASCT 

51 no ASCT 
• 18 insufficient stem cell collection 
• 13 SD/PD 
• 9 other reasons 
• 6 patient decision 
• 5 chemotherapy toxicity 

67 MR 9 MR 8 no MR 13 no MR 179 no MR 2 MR 2 MR 49 no MR 

139 patients ≤65 years of age diagnosed 
with MCL in British Columbia during 

June 2013 – January 2020 

33 excluded 
• 16 non R-B regimens* 
• 15 observation 
• 2 frailty/steroids 

4 R-B before June 
2013 included 

(Jan 2012 – May 2013) 

22 no ASCT 
• 10 SD/PD 
• 11 patient decision 
• 1 chemotherapy toxicity 
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Elderly patients
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- R-CHOP > RFC
- R-BAC500 ?
- R-CHOP/R-HAD ?
- Rituximab maintenance
- R2 maintenance ?

(from end of induction)
OS-5 years 75%

PFS-5 years 50%

R-BACR-CHOP + Ritux vs. IFN



Identification of very-high risk MCL ? 

31 (10.4%) patients
MIPI high : 16 vs. 45%
Blastoid : 9 vs. 32%
Ki67 > 30 : 31 vs. 71%
MIPI-c : 24 vs. 71%

Comparison of VHR and control MCL : 
known prognostic markers (PET/MRD, 
TP53, CDKN2A), genomic analyses

Cheminant et al, unpublished
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ORIGINAL ARTICLE

Safety and efficacy of Temsirolimus in combination with
Bendamustine and Rituximab in relapsed mantle cell and
follicular lymphoma
G Hess1, U Keller2, CW Scholz3, M Witzens-Harig4, J Atta5, C Buske6, S Kirschey1, C Ruckes7, C Medler7, C van Oordt1, W Klapper8,
M Theobald1 and M Dreyling9

In this phase I/II study, we explored the combination of Temsirolimus with Bendamustine and Rituximab (BeRT) in patients with r/r
follicular lymphoma (FL) or mantle cell lymphoma (MCL). Patients with 1–3 prior therapies received Bendamustine (90 mg/m2, day 1
+2) and Rituximab (375mg/m2, day 1) with Temsirolimus in doses from 25 to 75mg added on day 1, 8, 15 of a 28-day cycle. Fifteen
(11 MCL, 4 FL) patients were included in the phase I. Median age was 73 years and median pretreatment number was 2. No formal
dose-limiting toxicity was observed. Dominant non-hematological side effects were fatigue in 11 (73%), nausea in 9 (60%),
mucositis in 7 (47%) and vomiting in 6 patients (40%). Cough, diarrhea, pyrexia and rash were observed in five patients (33%) each.
Grade 3/4 events included leukopenia in 6 (40%), neutropenia in 4 (27%) and thrombocytopenia in 2 patients (13%). An objective
response was observed in 14/15 patients (93%), including 5 complete response (33%; all MCL). After a median follow-up of
19 months, 67% of patients are without signs of progression. Temsirolimus can be safely added to BR with promising preliminary
activity. Recruitment in phase II is ongoing.

Leukemia advance online publication, 1 May 2015; doi:10.1038/leu.2015.60

INTRODUCTION
The introduction of the anti CD20-antibody Rituximab in
combination with chemotherapy has greatly improved outcomes
in patients with non-Hodgkin's lymphoma.1–5 However, mantle
cell lymphoma (MCL) and follicular lymphoma (FL) remain
incurable with currently available conventional treatment strategies,
and patients experience deterioration of response rates or
refractoriness to subsequent treatments throughout the course
of their disease. To overcome the limitations of current concepts,
novel targeted treatments are being developed.6–9 Among these
new options, inhibitors of the mammalian target of rapamycin
(mTOR) have been explored in different malignant diseases.10

mTOR is a master switch of protein translation and a key element
of the phosphoinositide-3 kinase/AKT/mTOR pathway. Activation
of mTOR markedly enhances the mRNA translation of an
important group of growth-related proteins that, for example,
includes cyclin D1, c-MYC, and hypoxia-inducible factor 1α.
Functionally, mTOR activity increases cellular proliferation as well
as growth and survival pathways and inhibits autophagy. mTOR
also regulates the translation of other proteins that are potential
oncogenes contributing to lymphomagenesis (for example, cyclin
A, c/EBPβ and survivin).11,12

mTOR inhibitors for the treatment of lymphoma were evaluated
first in MCL based on the rationale of constitutional over-
expression of cyclin D1. In phase II trials with various dose levels

Temsirolimus, a derivative of Rapamycin, achieved responses in up
to 40% of patients with relapsed MCL, and activity has been also
observed for other mTOR inhibitors.13–15 A randomized three-arm
phase III trial showed dose-dependent superiority of overall
response rate (ORR) and progression-free survival (PFS) of
Temsirolimus compared with alternative chemotherapeutic
options in relapsed MCL,16,17 which was the basis for EU approval
at a dose of 175 mg weekly for 3 weeks followed by weekly 75mg
doses. However, complete remissions as well as long-term
remissions were rarely observed in this pivotal study. Promising
activity of mTOR inhibitors has also been found in other
lymphoproliferative diseases.18–21 For example, in a phase II study
by Smith et al.18 Temsirolimus at a dose of 25mg achieved
responses in patients with diffuse large B-cell lymphoma (28%)
and in FL (54% ORR, 26% complete response (CR)). In contrast,
patients with chronic lymphocytic leukemia responded
rarely (11%).
In addition, combination of Temsirolimus with Rituximab

proved to be safe, with a notable increase of the overall (59%)
and complete remission rate (19%) as well as PFS in 71 patients
with MCL.22 Consequently, combination with conventional cyto-
toxic agents is attractive, as, for example, shown for the use of
Cladribine.23 Bendamustine and Rituximab (BR) can be considered
an attractive partner for combination with Temsirolimus owing to
high response rates and favorable toxicity profile.24–26 In addition,
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preclinical testing with Temsirolimus revealed additive effects of
this combination in several MCL in vitro models based on the
different mechanism of action of these compounds (Zoellner et al,
in preparation).
Therefore, we initiated a phase I trial to explore the maximum

tolerated dose of the BeRT combination and evaluate the
feasibility and initial efficacy of this new combination regimen.

METHODS
Conduct of the trial
According to national regulations, the study was approved by
a harmonized approach of the appropriate Ethic’s Committees and
conducted in accordance with Good Clinical Practice guidelines. Patients
were required to sign informed consent prior to any study-related
procedures. Trial conduct was supported by the IZKS (Interdisciplinary
Center for Clinical Trials) of the University Medical Center Mainz. The trial
is registered on clinicaltrials.gov (NCT01078142).

Study design
This was a prospective multicenter, phase I/II, open-label study of
established regimen of Bendamustine and Rituximab in combination of
Temsirolimus added at different dose levels.

Patients
Patients with relapsed FL (Grade I–IIIA) or MCL after one to three prior lines
of therapy were eligible. In addition, diagnosis of MCL had to be confirmed
by either Cyclin D1 overexpression (immune-histochemistry) or proof of
chromosomal translocation t(11;14) Central pathology review was
mandatory.

Main eligibility criteria
Adult patients had to have an Eastern Cooperative Group performance
status of 0–2, an appropriate hematopoietic reserve (absolute neutrophil
count ⩾ 1500 /μl; platelets ⩾ 75 000 /μl) as well as liver (aspartate
aminotransferase and alanine aminotransferase o2.5 times the upper
limit of normal, total bilirubin o1.5 times the upper limit of normal) and
renal function (creatinine clearance 450ml/min). Disease manifestation
had to be measurable (⩾1 disease lesion 41.5 × 1.0 cm2 or bone marrow
infiltration). Patients with prior allogeneic hematopoietic stem cell
transplant were excluded.

Treatment regimen
The BeRT regimen consisted of Bendamustine given at a dose of 90mg/m2

intravenously on days 1 and 2 every 4 weeks and Rituximab 375mg/m2

intravenously given on day 0 or 1. Predefined Temsirolimus dose levels
were 25, 50 and 75mg intravenously on days 1, 8 and 15, respectively, of a
4-week cycle (Figure 1). A total of four treatment cycles was planned in line
with the current treatment recommendations (Cheson et al, in preparation).
Granulocyte colony-stimulating factor use was up to the investigator’s
discretion. Restaging was scheduled after cycles 2 and 4 to evaluate overall
response.

Toxicities were graded according to the National Cancer Institute
Common Terminology for Adverse Events version 4.0. Dose-limiting
toxicities (DLTs) were defined as non-hematological CTCAE grade III–IV
toxicities and hematological grade III–IV toxicities (except for lymphopenia)
lasting for 410 days and inducing a treatment delay of 42 weeks. For
patients who experienced a DLT, a preplanned dose reduction by 1 dose
level was implemented in the protocol; a maximum of 2 reductions was
allowed.
For maximum tolerated dose determination and prior to dose escalation,

assessment of treatment-related cumulative toxicity (DLT) occurring over
the first two cycles was planned. A 3+3 design for dose escalation was
used. In addition, all events, including adverse event (AE) observed during
cycles 3 and 4, were analyzed for final determination of the phase II dose
and subsequently used for the Safety Review Committee’s definite
recommendation for the phase II dose.

Evaluations
All patients starting study treatment were included in the safety
population, and efficacy analyses were performed in all patients enrolled
on an intent-to-treat basis.
For the purpose of this trial, response to treatment was defined

according to the 2007 International Response Criteria for Non Hodgkin
Lymphoma.27 Initial staging included computed tomographic scans of the
neck, chest, abdomen and pelvis and radiological evaluation of all the
affected regions. Re-staging was scheduled after two and four cycles and
every 3 months for the first 12 months, followed by 6-month intervals
thereafter. PFS was defined as time from treatment start to date of relapse,
disease progression or death or censored at the last tumor evaluation date;
overall survival (OS) was measured as time from first dose to date of death
or censored at the last date of patient contact. After progression or the
initiation of a new therapy, patients were followed with respect to survival.

Statistical analysis
The primary study aim of the phase I study was the establishment of the
maximum tolerated dose as the recommended dose for the phase II part of
the BeRT study.
Secondary end points were the rate of side effects observed, ORR after

two and four cycles of treatment, PFS, duration of response, time to next
lymphoma therapy, treatment-free interval and OS.
Results for time-to-event end points were analyzed according to Kaplan–

Meier estimator. SAS Version 9.2. (SAS Institute, Cary, NJ, USA) was used for
all calculations.

RESULTS
Patients
A total of 15 patients, 11 males and 4 females, entered the phase I
trial. The characteristics of all enrolled patients are summarized in
Table 1. Median age was 73 years, including 11 patients with
relapsed MCL and 4 with FL. The median number of prior regimen
was 2 (range 1–3), and all patients had received prior Rituximab
treatment. Four patients (1 FL, 3 MCL) were pretreated with
Bendamustine.

Dose escalation
At the 25mg dose level, one DLT (hypertensive crisis) was
observed in the initial three patients, but no additional event after
the expansion to six patients. In the 50mg cohort, no DLT was
observed. For safety reasons, the 75 mg cohort was planned to
comprise six patients. Again, no DLT was observed during the first
two cycles of treatment.

Completion of treatment and relative dose intensity
The median number of treatment cycles received was four, and
11/15 patients completed the entire treatment. The time between
cycles overall was on average 30.5 days (27–42 days). The time
between cycle 1 and 2 was on average 28.7 days (28–33 days),
between cycle 2 and 3 31.3 days (28–40 days) and between cycle
3 and 4 31.6 days (27–42 days). All in all, 52 of the 60 preplanned

Figure 1. Schematic overview of BeRT. BE, Bendamustine; R,
Rituximab; T, Temsirolimus.
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additionally. As earlier an association of ACE inhibitors and
Temsirolimus has been associated with the occurrence of
angioneurotic edema, the protocol was amended to avoid such
a concomitant medication. No further events were observed
subsequently.

Recommended dose for the phase II proportion
Evaluation was based on the AE profile for all cycles and the DLT
observed within the first 2 cycles. Although formally no DLT was
reached, dose erosion was noted with higher Temsirolimus doses
in the later treatment cycles. Therefore, the Data Review
Committee recommended to select a dose of 50 mg Temsirolimus
on days 1, 8 and 15 for the phase II part of the trial.

Efficacy–response rates
In 11 of the 15 patients, responses were already determinable
after cycle 2 (73%; all partial remissions). This equals an ORR of
73% at this time; all responses were partial (Table 4). After
completion of induction or the individual end of treatment, 14/15

Table 3. Related adverse events, any grade and grades 3/4

Total

Any grade Grade 3/4

System organ class Preferred term N % N %

Blood and lymphatic
system disorders

Anemia 5 33 0 0

Leukopenia 8 53 6 40
Lymphopenia 12 80 12 80
Neutropenia 5 33 4 27
Thrombocytopenia 7 47 2 13

Gastrointestinal
disorders

Aphthous stomatitis 2 13 0 0

Constipation 4 27 0 0
Diarrhea 5 33 0 0
Nausea 9 60 0 0
Vomiting 6 40 0 0

General disorders Chest pain 2 13 0 0
Chills 3 20 0 0
Fatigue 11 73 0 0
Mucosal
inflammation

7 47 0 0

Oedema peripheral 3 20 0 0
Pyrexia 5 33 0 0

Immune system
disorders

Hypersensitivity 1 7 1 7

Infections and
infestations

Device-related
infection

1 7 1 7

Infective thrombosis 1 7 1 7
Localized infection 2 13 0 0
Pneumonia
escherichia

1 7 0 0

Pneumonia primary
atypical

1 7 1 7

Rash pustular 1 7 0 0
Investigations Blood cholesterol

increased
3 20 1 7

Blood creatinine
abnormal

2 13 0 0

Blood creatinine
increased

3 20 0 0

Blood glucose
increased

1 7 1 7

Blood lactate
dehydrogenase
increased

4 27 0 0

Blood potassium
decreased

2 13 1 7

Blood triglycerides
increased

3 20 1 7

C-reactive protein
increased

2 13 0 0

Weight decreased 3 20 0 0
Metabolism and
nutrition disorders

Decreased appetite 4 27 0 0

Hypercholesterolemia 2 13 0 0
Hyperglycemia 2 13 1 7
Hypertriglyceridemia 1 7 1 7
Hypocalcemia 2 13 0 0
Hypokalemia 2 13 0 0

Musculoskeletal and
connective tissue
disorders

Musculoskeletal chest
pain

1 7 0 0

Musculoskeletal pain 3 20 0 0
Pain in extremity 2 13 0 0

Nervous system
disorders

Cerebral infarction 1 7 1 7

Headache 4 27 0 0
Polyneuropathy 2 13 0 0
Cough 5 33 0 0

Table 3. (Continued )

Total

Any grade Grade 3/4

System organ class Preferred term N % N %

Respiratory, thoracic
and mediastinal
disorders

Dyspnoea exertional 2 13 0 0
Epistaxis 4 27 0 0
Oropharyngeal pain 2 13 0 0
Pneumonitis 1 7 0 0
Pulmonary edema 1 7 1 7

Skin and subcutaneous
tissue disorders

Angioedema 2 13 2 13

Erythema 4 27 0 0
Pruritus 3 20 0 0
Rash 5 33 0 0
Rash pruritic 3 20 0 0

Surgical and medical
procedures

Catheter removal 1 7 1 7

Vascular disorders Hypertensive crisis 1 7 1 7
Venous thrombosis
limb

1 7 1 7

Selection: only events grade 3/4 or with a frequency 410% or events of
special interest are selected. For the complete list, see the MEDRA—listing
in the Supplementary Appendix of the paper.

Table 4. Response rates and progression-free and overall survival

Response MCL (n=11) FL (n= 4) Total (n= 15)

CR 5 (45%) 0 (0%) 5 (33%)
PRa 6 (55%) 4 (100%) 10 (67%)
CR+PRa 10 (91%) 4 (100%) 14 (93%)
NEa 1 (9%) 1 (7%)
Progression-free survival at 19
months

67%

Overall survival at 19 months 92%

Abbreviations: CR, complete response; FL, follicular lymphoma; MCL,
mantle cell lymphoma; PR, partial response. aPatient received one cycle
only, a subsequent CR evaluation 9 months after this cycle revealed PR.

Bendamustine, Rituximab, Temsirolimus: BeRT phase I
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patients showed an objective response, and five of those were
complete responses (9 PR, 5 CR). All CRs occurred in MCL patients.
One patient was not evaluable.

PFS and OS
At the time of this analysis, median follow-up was approximately
19 months, and 67% of patients are without signs of progression
(Table 4). So far, two patients have died, one due to disease
progression and the reason for death was not known in the other
patient (Figure 2). This corresponds to an OS rate of 92%.

DISCUSSION
Novel treatment options are rapidly widening the armamentarium
of therapies for malignant lymphoma. However, until now all
targeted molecule approaches have failed to prove curative
potential with single agent use, probably due to escape of sub-
clones resistant to the specific mechanisms of action induced by
additional genetic changes.28 Conventional chemotherapy on the
other hand—due to its unselective mode of action—potentially
overcomes selection of resistant subclones and therefore still
remains a mainstay of therapy. Combining both approaches
remains a favorable strategy to balance selection pressure and
tolerability especially in the incurable lymphoma subtypes of MCL
and FL (Dreyling, ASCO Educational 2014). The addition of
targeted drugs to chemo-immunotherapy backbone is highly
attractive to deepen remissions and thereby prolong time to
progression. With this intent and based on these considerations,
we combined Temsirolimus with the established BR regimen,
which represents a standard of care in relapsed MCL and FL, in
order to evaluate safety and tolerability of this combined
approach together with an initial identification of the ORR.24

In the phase I proportion of the trial presented here, the
treatment was well tolerated and the rate and severity of observed
side effects were in the expected range based on prior data.

Hematotoxicity was the most frequently observed side effect.
A rate of 40% of grade 3/4 leukopenia was noted with thorough
monitoring, which impresses slightly higher than comparable
prior experiences.26 It is of note that the rate of febrile
neutropenia, however, was considerably low. Altogether, grade 3
infections were noted in only 3 patients out of the 15 episodes of
any kind of infectious complications described. No patient died of
an infectious complication. Similarly, it is noteworthy that only a
single platelet transfusion and three erythrocyte transfusions were
applied, which confirms the favorable side effect profile of the
BeRT regimen that can be safely used on an outpatient basis. This
compares favorably to conventional chemotherapy regimens, for
example, the combination with mitoxantrone or the recently
published R-BAC regimen (rituximab/bendamustine/cytarabinoside)
with 65% of patients requiring platelet transfusions29,30 (Table 5).
With respect to non-hematological side effects, fatigue, a well-
known side effect of not only mTOR inhibitors but also of other
targeted approaches (Friedberg et al.,31 Table 5) was dominant.
However, fatigue was generally of only moderate intensity and did
not result in any premature treatment termination. It is of note
that two episodes of angioneurotic edema occurred several days
after the last dose of Temsirolimus. Patients in question had
received multiple doses of Temsirolimus before and were also
taking ACE inhibitors. No further episodes were noted after an
amendment of the protocol excluding such a co-medication.
Similar events reported in the database of the manufacturer
suggest that there is a certain likelihood of an association in spite
of the long latency since the last exposition to Temsirolimus. As
other patients received ACE inhibitors as well, an additional trigger
might be needed for the occurrence of this type of side effects.
Only one case of pneumonitis was observed.
Efficacy of the BeRT combination in the phase I proportion was

promising. Only one patient did not respond and four of the MCL
patients achieved a CR. The number of enrolled patients is too low
for a valid comparison of available data. However, comparison of
individual patient cases to results of preceding therapies revealed
superior efficacy of the BeRT regimen. Such superior responses in
subsequent treatment are rarely found, and results of the ongoing
phase II are therefore eagerly awaited to prove these findings.
Generally, responses to BR last between 18 and 24 months in
relapsed MCL and FL, depending on various disease-specific risk
factors, such as treatment line and response to prior
regimens24,26,30,32 (Table 5). Only more mature follow-up of the
phase II part of the study will allow a more reliable evaluation of
these results. Preliminary data from phase I, however, show
a promising tendency.
Currently, a variety of novel agents for the treatment of relapsed

MCL is available. Even though the results on Ibrutinib in particular
appear impressive and results on Lenalidomide and recently
Bortezomib-containing regimen further widen the therapeutic
armamentarium, none of these agents can be considered
curative.33–35 Limited information about combinations of targeted

Figure 2. Kaplan–Meier curves of PFS and OS for all patients
enrolled.

Table 5. Bendamustine–rituximab combinations in mantle cell lymphoma

Author Regimen Study type Line of therapy Pt. no. ORR CR WBC grade 3/4 PLT grade 3/4

Rummel et al.24 4x BR Phase II Relapse 16 75% 25% 35%a 7%a

Robinson et al.26 6x BR Phase II Relapse 12 92% 42% 30%a 3%a

Weide et al.30 4x BMR Phase II Relapse 18 78% 33% 78% 10%
Visco et al.29 6x R-BAC Phase II Relapse 20 80% 70% 67%a 83%a

Friedberg et al.31 6x BR+Bortezomib Phase II Relapse 7 71% NA 17%a,b 17%a

Zaja (2013) (pers) 6x BR+Lenalidomide Phase II Relapse 42 90% 71% 69% 14%
Hess et al. (this paper) 4x BR+Temsirolimus Phase II Relapse 11 91% 45% 40%a 13%a

Abbreviations: CR, complete response; NA, not available; ORR, overall response rate; PLT grade 3/4, thrombocytopenia grade 3/4; R-BAC, rituximab/
bendamustine/cytarabinoside; WBC grade 3/4, leukopenia grade 3/4. aIncludes also follicular lymphoma. bNeutropenia.

Bendamustine, Rituximab, Temsirolimus: BeRT phase I
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Chemotherapy salvage strategies

Ø No standard/ participation in clinical trials 

Ø The salvage regimen used depends upon:

- patient comorbidities 
- side effect profile of the selected regimen
- prior therapies
- clinical situation
-Consolidation treatment (allo SCT, CAR-T, Bi-spe)



B cell receptor signalling pathways

Bruton‘s tyrosine 
kinase

Perez-Galan et al, Blood 2010 

PI3K

mTOR



Wang, NEJM 2013 

Ibrutinib for MCL



Outcome of patients with MCL treated by 
BTKi (Ibrutinib)

Safety : 
Grade 3 (5%),Neutropenia, Thrombocytopenia (12%),
Cardiovascular (20%), Atrial Fibrillation (7%), 
pneumonia (13%)



Other BTKi

inhibition and side effects compared to ibrutinib. In
vitro studies using a competitive binding assay
(DiscoverX) on wild-type and mutant kinases showed
that acalabruitinib at 1 µM inhibited fewer off-target
kinases compared to ibrutinib, with only 1.5% of the
nonmutant protein kinases being inhibited to a level of
≥65% compared to 9% for ibrutinib. Additionally, aca-
labrutinib did not demonstrate any significant inhibitory
effects on EGFR, the TEC kinase, or ITK signaling.55–57

While ibrutinib was reported to antagonize rituximab-
induced ADCC,46 this issue was not noted with acalab-
rutinib, suggesting acalabrutinib has less impact on T
cells or cellular mediated immune defense compared to
ibrutinib.

The improved selectivity of acalabrutinib is thought to
be due to its propiolamide side group versus ibrutinib’s
acrylamide side group. The propiolamide side group may
allow fewer off-target interactions with other kinases
such as ITK, EGFR, ERBB2/4, JAK3, LYN, and SRK.
While acalabrutinib’s half-maximal inhibitory concentra-
tion (IC50) for BTK is roughly 3 times that of ibrutinib,
the IC50 against other kinases is much higher.58

In an early phase study evaluating different dosing
frequencies of acalabrutinib, patients treated with 100
mg twice daily demonstrated median BTK occupancy of
99% at 4-hr post-dose and 97% at trough pre-dose/12-hr
post-dose. In comparison, patients receiving acalabruti-
nib 200 mg once daily demonstrated BTK occupancy of

Figure 1 Comparison of acalabrutinib, ibrutinib, and spebrutinib in competitive binding assays on wild-type and mutant kinases (DiscoverX).56

Girard et al Dovepress

submit your manuscript | www.dovepress.com
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Increase efficacy ?
Increase safety ?
(Cardiovascular) 



Other BTKi ?

• Zanubrutinib
Selective BTK inhibitor with a 90% ORR and. 20% CR in a phase I trial in MCL.   Another reported an ORR of 81% 
with a PET-negative CR of 58%.

• LOXO-305
Reversible inhibitor with non-covalent binding to BTK that preserves activity in the presence of the C481S 
mutations and avoids off-target kinases inhibition.

• Vecabrutinib (SNS-062)
Reversible and non-covalent BTK inhibitor. Does not interact with cysteine 481 residue within the kinase 
domain unlike other inhibitors and may be relevant in C481S mutants.

• ARQ-531
Reversible inhibitor of BTK with additional activity against Src family kinases and kinases related to ERK 
signaling. It is tested for ibrutinib resistant cases.



BTKi Phase Sample size (median 
f/up*) FU in months ORR% (CR%) CR Median PFS (months) % bleeding events 

(grade ≥ 3) % A.fib (grade ≥ 3)

Ibrutinib II/III 111 20-26.7 67-72 19-23 13-14.6 10 [8] - 59 [5] 4 [4] - 6 [5]

Ibrutinib Retro 139 20 72 19 14.6 10 [8] 4 [4]

Acalabrutinib II 124 38.1 81 48 22 5 [4] 0 [0]

Zanubrutinib Ib 43 - 86 9 - 10.3 84-90 20 -59 18 4.7 - 30.2 [1.2 -7] 0 - 4.7 [NR]

LOXO-305
I/II 8 NR 37.5 [0] NP 11 [0] 0 [0]
III – – – – – – –
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Post BTKi failure treatment

of ibrutinib, white blood cell count, and lactate dehydrogenase, the
number of prior therapies, the response to ibrutinib, and the duration of
ibrutinib, only age (HR, 0.94, 95%CI, 0.90-0.99,P5 .0221) and prior
MIPI scores (HR 0.32, 95%CI, 0.15-0.68, P5 .0029) were associated
with the use of postibrutinib therapy. The characteristics of the 73
patients who received subsequent treatment are described in Table 2.
The median age at start of the first subsequent treatment was 67 years
(range, 47-85). The median time from stopping ibrutinib to start of
the first subsequent treatment was 0.3 months (range, 0-21.7, 95% CI,
0.2-0.5). All but 14 patients received subsequent treatment within
1month, whereas 2 patients were observed for more than 1 year before
receiving subsequent therapy. Both patients received lenalidomide and
remained on treatment for 4.0 and 5.6months, respectively.One patient
was subsequently re-treated with ibrutinib and responded again. The
MIPI score was low, intermediate, and high in 15%, 29%, and 56%,
respectively. ThemedianKi67 in the 12patients evaluated immediately
before start of the first postibrutinib therapy was 80%. Among the 7
patients that had Ki67 measured immediately before ibrutinib and
immediately before the first subsequent therapy, the percentage of
positive cells increased from 10% to 20%, 90% to 95%, 40% to 50%,
80% to 95%, 30% to 80%, and 60% to 95% in 6 and remained stable
at 40% in 1 patient. Karyotype was assessed immediately before the first
subsequent treatment in 9 patients andwas normal in 6 and complex in 3.

A total of 61 of 73 patients were evaluable for response. Local
clinicians reported that 13 patients (19%) achieved PR, and 5 (7%)
achieved CR. The median PFS after first subsequent treatment was 1.9
months (95% CI, 1.0-2.6).

Sixty-seven patients underwent a second postibrutinib therapy. The
average time from first to second subsequent therapy was 2.4 months
(95% CI, 1.4-3.3).

Survival

Survival data were available for all 114 subjects. The median OS from
diagnosis was 54 months (95% CI, 43-70). At the time of analysis, 29
patients (25%) were still alive, whereas 85 (75%) had died. The causes
of death were lymphoma (n5 79), treatment-related toxicity (n5 3),
unrelated (n 5 2), and not reported (n 5 1). The median OS of all

patients after cessation of ibrutinib was 2.9 months (95% CI, 1.6-4.9).
The median OS of patients not receiving subsequent treatment after
ibrutinib failure was 0.8 months (95% CI, 0.3-1.4; Figure 1). Among
thepatientswho receivedpostibrutinib therapy, themedianOS from the
start of the first subsequent treatment was 5.8 months (95% CI,
3.7-10.4; Figure 1). The median OS of the 12 patients who received
bendamustine was 19.2 months (95% CI, 1.7 to not reached) com-
pared with 5.7 months (95% CI, 3.1-7.5) in patients not receiving
bendamustine (P 5 .230). The median OS of the 13 patients that re-
ceived cytarabine was 3.7 months (95% CI, 0.8-12.0) compared with
6.1months (95%CI, 4.2-10.4) in patients not receiving cytarabine (P5
.435). ThemedianOS of the 19 patientswho received lenalidomidewas
6.8 months (95% CI, 2.8 to not reached) compared with 5.7 months
(95% CI, 2.7-10.4) in patients not receiving lenalidomide (P 5 .390).
For patients who received subsequent treatment after ibrutinib failure,
univariate Cox regression analysis of MIPI score before ibrutinib; MIPI
score before first subsequent treatment; best response to ibrutinib;

Table 2. Patient characteristics before first postibrutinib treatment

Characteristics postibrutinib Number %

All 104 100%

Received treatment postibrutinib 73 70%

Time from ibrutinib to next therapy 0.3 mo 95% CI, 0.2-0.5

MIPI scores at start of therapy

High risk 35 48%

Intermediate risk 18 25%

Low risk 9 12%

Unknown 11 15%

Ki67 .30% 11/12 92%

Subsequent treatment

Rituximab 39 53%

Lenalidomide 19 26%

Cytarabine 13 18%

Bendamustine 12 16%

Bortezomib 7 10%

Anthracycline 5 7%

PI3K inhibitor 4 5%

MIPI, Mantle Cell Lymphoma International Prognostic Index.

Figure 1. Overall survival Kaplan-Meier curve depict-

ing the OS probability from time of ibrutinib cessation
among patients who did or did not receive sub-

sequent treatment, and the whole cohort.

BLOOD, 24 MARCH 2016 x VOLUME 127, NUMBER 12 OUTCOMES IN MCL POSTIBRUTINIB 1561

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/127/12/1559/1392437/1559.pdf by guest on 06 N

ovem
ber 2020

of ibrutinib, white blood cell count, and lactate dehydrogenase, the
number of prior therapies, the response to ibrutinib, and the duration of
ibrutinib, only age (HR, 0.94, 95%CI, 0.90-0.99,P5 .0221) and prior
MIPI scores (HR 0.32, 95%CI, 0.15-0.68, P5 .0029) were associated
with the use of postibrutinib therapy. The characteristics of the 73
patients who received subsequent treatment are described in Table 2.
The median age at start of the first subsequent treatment was 67 years
(range, 47-85). The median time from stopping ibrutinib to start of
the first subsequent treatment was 0.3 months (range, 0-21.7, 95% CI,
0.2-0.5). All but 14 patients received subsequent treatment within
1month, whereas 2 patients were observed for more than 1 year before
receiving subsequent therapy. Both patients received lenalidomide and
remained on treatment for 4.0 and 5.6months, respectively.One patient
was subsequently re-treated with ibrutinib and responded again. The
MIPI score was low, intermediate, and high in 15%, 29%, and 56%,
respectively. ThemedianKi67 in the 12patients evaluated immediately
before start of the first postibrutinib therapy was 80%. Among the 7
patients that had Ki67 measured immediately before ibrutinib and
immediately before the first subsequent therapy, the percentage of
positive cells increased from 10% to 20%, 90% to 95%, 40% to 50%,
80% to 95%, 30% to 80%, and 60% to 95% in 6 and remained stable
at 40% in 1 patient. Karyotype was assessed immediately before the first
subsequent treatment in 9 patients andwas normal in 6 and complex in 3.

A total of 61 of 73 patients were evaluable for response. Local
clinicians reported that 13 patients (19%) achieved PR, and 5 (7%)
achieved CR. The median PFS after first subsequent treatment was 1.9
months (95% CI, 1.0-2.6).

Sixty-seven patients underwent a second postibrutinib therapy. The
average time from first to second subsequent therapy was 2.4 months
(95% CI, 1.4-3.3).

Survival

Survival data were available for all 114 subjects. The median OS from
diagnosis was 54 months (95% CI, 43-70). At the time of analysis, 29
patients (25%) were still alive, whereas 85 (75%) had died. The causes
of death were lymphoma (n5 79), treatment-related toxicity (n5 3),
unrelated (n 5 2), and not reported (n 5 1). The median OS of all

patients after cessation of ibrutinib was 2.9 months (95% CI, 1.6-4.9).
The median OS of patients not receiving subsequent treatment after
ibrutinib failure was 0.8 months (95% CI, 0.3-1.4; Figure 1). Among
thepatientswho receivedpostibrutinib therapy, themedianOS from the
start of the first subsequent treatment was 5.8 months (95% CI,
3.7-10.4; Figure 1). The median OS of the 12 patients who received
bendamustine was 19.2 months (95% CI, 1.7 to not reached) com-
pared with 5.7 months (95% CI, 3.1-7.5) in patients not receiving
bendamustine (P 5 .230). The median OS of the 13 patients that re-
ceived cytarabine was 3.7 months (95% CI, 0.8-12.0) compared with
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Key Points

• Patients with mantle cell
lymphoma who progressed
during treatment with ibrutinib
have a poor outcome.

• There are no therapies that
appear to be uniquely
successful in the postibrutinib
setting. The postibrutinib
setting is an unmet need.

Despite unprecedented clinical activity inmantle cell lymphoma (MCL), primary and acquired

resistance to ibrutinib is common. The outcomes and ideal management of patients who

experience ibrutinib failure are unclear. We performed a retrospective cohort study of all

patientswithMCLwhoexperienceddiseaseprogressionwhile receiving ibrutinib across 15

international sites. Medical records were evaluated for clinical characteristics, patho-

logical and radiological data, and therapies used pre- and postibrutinib. A total of 114

subjectsmet eligibility criteria. Themedian number of prior therapieswas 3 (range, 0-10).

The Mantle Cell Lymphoma International Prognostic Index (MIPI) scores at the start of

ibrutinib were low, intermediate, and high in 46%, 31%, and 23% of patients, respectively.

Of patientswith availabledataprior to ibrutinib andpostibrutinib, 34of 47 and11of 12had

a Ki67 >30%. The median time on ibrutinib was 4.7 months (range 0.7-43.6). The median

overall survival (OS) following cessation of ibrutinib was 2.9 months (95% confidence

interval [CI], 1.6-4.9). Of the 104 patients with data available, 73 underwent subsequent

treatment an average of 0.3 months after stopping ibrutinib with a median OS of 5.8 months (95% CI, 3.7-10.4). Multivariate Cox

regressionanalysisofMIPI beforepostibrutinib treatment, andsubsequent treatmentwithbendamustine, cytarabine, or lenalidomide

failed to reveal any association with OS. Poor clinical outcomes were noted in the majority of patients with primary or secondary

ibrutinib resistance. We could not identify treatments that clearly improved outcomes. Future trials should focus on understanding

the mechanisms of ibrutinib resistance and on treatment after ibrutinib. (Blood. 2016;127(12):1559-1563)

Introduction

The United States Food and Drug Administration and the European
Medicines Agency approved ibrutinib for treatment of patients with
mantle cell lymphoma (MCL) who have received at least 1 prior
therapy based on a phase 2 trial demonstrating a 68% response rate
(RR) with a median progression-free survival (PFS) of 13.9 months.1

Long-term follow up of these patients demonstrated that 31% re-
mained free from progression and 47%were alive at 2 years.2 A second
phase 2 trial (MCL 2001, SPARK) essentially confirmed these find-
ings, reporting a median PFS of 10.5 months with an overall survival

(OS) rate of 61% at 18 months.3 Despite this significant efficacy,
primary resistance to ibrutinib appears to occur in one third of
all patients and acquired resistance appears to be universal. Al-
thoughmutations in the BTK binding site have been identified, the
mechanisms of ibrutinib resistance remain unclear and are likely
multiple.4-6

After several investigators from early trials noted the challenges
associated with treating patients with ibrutinib-resistantMCL, an ob-
servation also reported in CLL,7 we performed a large, international,
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Mechanisms of BTKi resistance

CD49d and CD29 (integrin b1); together BCR and VLA4
provide B lymphocytes with adhesion and enhanced signaling
(39). CD49d activation causes SYK phosphorylation and, on the
other hand, BCR stimulation leads to VLA4 activation (40–42).
BCR stimulation also increases chemotaxis towards chemokines
such as CXCL12 produced in the microenvironment. Binding of
CXCL12 to its receptor CXCR4 activates PI3K, MAPK, and
STAT3, and leads to actin polymerization and cell migration
(43–45). In CLL, cell-surface IgM levels and BCR signaling is
increased by the IL4 produced by T cells which also activates the
JAK1-3/STAT6 pathway and upregulates the levels of anti-
apoptotic proteins from BCL2 family, resulting in partial
malignant B cell protection from the effects of “BCR
inhibitors” (46, 47). The importance of the microenvironment
can be well illustrated in CLL, where malignant B cells are
dependent on constant re-circulation between the peripheral
blood and lymph nodes, where they are supported by pro-
survival signals from mesenchymal stromal cells, monocyte-
derived nurse-like cells, and T lymphocytes (29, 43, 48–50).
The supportive stromal cells produce not only chemoattractants
CXCL12 and CXCL13 but also BAFF, APRIL, CD31, and plexin
B1 which protect CLL cells from spontaneous and induced
apoptosis by activating BCR and NFkB signaling (43, 49, 51,
52). Kinases of the BCR pathway BTK and PI3Kd together with
JAK are also involved in T cell dependent proliferation induced
by CD40L and IL21, which can be inhibited by ibrutinib,
idelalisib or JAK inhibitor (53).

Overall, there is crosstalk between the BCR, chemokine signaling
and cell adhesion pathways. Therefore, the success of “BCR
inhibitors” lies not only in inhibiting the BCR pathway itself but
also in inhibiting other processes. In CLL and some lymphomas,
BTK/PI3K inhibition results in malignant B cells egressing from the
lymph nodes, causing transient lymphocytosis in patients (8, 54, 55).

MECHANISTIC EFFECTS OF IBRUTINIB
ACTION

Ibrutinib is an orally administered small-molecule inhibitor
targeting BTK. It binds to BTK covalently, selectively, and
irreversibly, inhibiting its phosphorylation and enzymatic
activity. BTK is an important kinase in BCR signaling needed
for B cells to properly develop (56, 57). Inhibiting it with
ibrutinib leads to a loss of pro-survival signals from BCR
activation by ligands, and also impairs the “tonic” BCR signals
that sustain B cell survival. BTK inhibition decreases cell
proliferation as well as interferes with the activation of
downstream molecules in BCR pathway such as PLCg2, Akt
and Erk irrespective of BCR stimulation (58–61). As BTK is not
only involved in BCR signaling (see above), ibrutinib also
disrupts CXCR4 internalization, impairs migration toward
CXCL12 and also indirectly decreases total BTK levels (62).
Ibrutinib further disrupts signaling from CXCR5 and integrins,
molecules that allow B lymphocyte migration and adhesion

FIGURE 1 | The genetic and non-genetic mechanisms of resistance to BTK or PI3K inhibition in B cell malignancies. The “*” indicates genetic mechanisms of
resistance to ibrutinib (BTK inhibitor), the red arrows indicate non-genetic mechanisms of resistance/adaptation to ibrutinib, the blue arrows indicate mechanisms of
resistance/adaptation to idelalisib (PI3K inhibitor), and the green arrows indicate mechanisms of resistance/adaptation to venetoclax (BH3-mimetic [BCL2 inhibition]).

Ondrisova and Mraz Resistance to “BCR Inhibitors”
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(63, 64). Altogether, ibrutinib inhibits BCR stimulation, B cell
proliferation, and migration toward homing chemokines such
as CXCL12 and CXCL13. It also blocks BCR-dependent CCL3
and CCL4 chemokine release in CLL and decreases CCL4,
CCL22, and CXCL13 levels in the serum of ibrutinib-treated
MCL patients (54, 61). As mentioned above, inhibiting the
adhesion and homing capacity causes transient lymphocytosis
in CLL and MCL patients (54, 55). In most of the patients, this
resolves within 8 months after starting therapy (55). CLL cells
together with non-malignant immune cells after ibrutinib
treatment are of a quiescent phenotype as shown by the
expression of the genes involved in senescence and/or cell
quiescence (30, 55, 65). Apart from the mentioned mechanisms
of ibrutinib action, it also affects the microRNAs’ expression,
resulting in higher levels of several tumor suppressors and
inhibition of cell proliferation (66, 67).

Ibrutinib has been approved for therapy of CLL, MCL, WM,
and marginal zone lymphoma (MZL). Though it is a potent drug,
not all patients are responsive to ibrutinib and a significant
number of them acquire resistance to the treatment or
discontinue the therapy due to toxicities that are most likely
caused by ibrutinib off-target inhibition of molecules such as
BLK, JAK3, EGFR, and several TFK members (for a list of off-

targets of ibrutinib and other BTK inhibitors see Supplementary
Table 1). In the following sections, we will summarize the genetic
mechanisms of ibrutinib resistance, the non-genetic mechanisms
of adaptation/resistance by activating compensatory pro-survival
pathways and describe possible solutions to different types of
ibrutinib resistance (Figure 1).

GENETIC MECHANISMS OF IBRUTINIB
RESISTANCE

Genetic mechanisms of primary or acquired resistance to
ibrutinib have been widely studied and recurrent mutations
associated with resistance have been described in B cell
malignancies (Table 1, Figure 1). Whole-exome sequencing
revealed mutations in BCR-involved proteins BTK and PLCg2
in ~80% of CLL patients with acquired resistance to ibrutinib (7,
96), however, some studies have reported a much lower
frequency of these mutations (97, 98). The most common
mutation in BTK is a C481S point mutation which interferes
with the binding of ibrutinib to BTK (7, 68). Other mutations in
the BTK gene were also found in ibrutinib-resistant patients and
have been suggested to affect either ibrutinib binding to BTK or

TABLE 1 | Recurrent mutations in ibrutinib-resistant patients and possible therapeutic strategies to overcome them.

Mutated gene/aberration Disease Mechanism Possible therapeutic strategy Ref.

BTK CLL, MCL, WM,
MZL

reversible binding of ibrutinib third-generation BTK inhibitors, PROTAC-BTK,
inhibitors of LYN and SYK

(7, 68–77)

PLCG2 CLL, MCL, WM,
MZL

BTK-independent activation inhibitors of RAC2, LYN, and SYK (7, 68–71,
78, 79)

CARD11 CLL, MCL, WM,
DLBCL, FL

↑ NFkB proteasome or MALT1 inhibitor (12, 71, 80–
83)

BIRC3, TRAF2, TRAF3 MCL ↑ NFkB MP3K14 inhibitor (84, 85)

CCND1 MCL cell cycle progression unknown (86)

CDKN2A and MTAP co-
deletion

MCL cell cycle progression PRMT5 inhibitor (87)

SMARCA2, SMARCA4 ,
ARID2

MCL disruption of SWI-SNF complex; ↑ BCLXL BCLXL inhibitor (88)

MYD88mt/CD79Bwt DLBCL MYD88-dependent and BCR-independent
subtype

SYK or STAT3 inhibitor (9, 89, 90)

KLHL14 DLBCL ↑ MYD88-TLR9-BCR super-complex inhibition of BCR-dependent NFkB activation/mTOR
inhibitors

(91)

TNFAIP3 DLBCL ↑ NFkB unknown (82)

2p+ CLL ↑XPO1 XPO1 inhibition (selinexor) (92)

Del 8p CLL Loss of TRAIL-R, insensitivity to TRAIL-
induced apoptosis

unknown; possibly venetoclax (93)

Del 6q WM ↑ MYD88/NFkB, loss of regulators of
apoptosis

unknown (94, 95)

Del 8p WM ↑ TLR/MYD88, loss of DOK2, BLK and
TNFRSF10A/B

unknown (94)

↑ represents pathway/gene activation or upregulation.
“Del” stands for deletion of a chromosomal region.
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Pirtrobrutinib (LOXO305)
Reversible inhibitor with non-covalent binding to BTK that preserves activity in the presence of the 

C481S mutations and avoids off-target kinases inhibition.
• Phase 1 Pretreated MCL with BTKi (BRUIN)
• Fatigue, Neutropenia, Bruising, diarrhea (grade 1,15%)
• 51% ORR in MCL R/R (BTKi)  and 81% in BTKi naive
• FU 2y 61% ongooing response

• Phase 1 Pretreated MCL with BTKi (BRUIN 321 phase III)



Summary

• After BTKi failure overall survival is poor
• ORR is between 20% to 40%
• OS is to 10 months
• And few patients proceed to Allogeneous bone marrow

transplantation

• Which options ? (Few data) 



Rituximab + lenalidomide R/R MCL: Outcome

Wang M et al, Lancet Oncol 2012



Lenalidomide after Ibrutinib failure or intolerance

CR and 7 PR) were censored from the DOR analysis due
to lack of follow-up data on PD or death. At the last
available assessment of the 14 censored patients, three
were ongoing, three had completed lenalidomide treat-
ment as planned, and eight patients discontinued lenali-
domide treatment early (withdrew consent [n = 1],
patient decision [n = 1], enrolled in a clinical trial for
oral treatment [n = 1], started other lines of treatment
[n = 3; because of lung cancer, physician’s decision, or
bone marrow transplant], and toxicity [n = 2]). One of
the censored patients who had a first response of PR
and best response of CR had the last censored DOR at
25 weeks before stopping therapy. For the three uncen-
sored patients, two had a best response of PR and one
had CR, with an estimated DOR of 2.9, 19.7, and
16.4 weeks, respectively. Univariate analysis showed a
median DOR of 16 weeks (95% CI, 2.9–19.7) in the three
uncensored patients (14 patient responders were
censored; total of 17 responders).

Response by subgroup analysis
Patients with MCL refractory to ibrutinib versus those
who relapsed/progressed on or following ibrutinib had
similar ORRs of 32 versus 30%, respectively (Fig. 1);
however, the CR rates were not similar (8 versus 22%).
The median DOR was 20 weeks (CI 95%, 2.9–20) for the
ibrutinib-refractory group and not available for the
relapsed/PD group. There was one PR (17%) among the
six patients who were ibrutinib-intolerant; all six patients
were treated with lenalidomide within 6 months of stop-
ping ibrutinib therapy. Of the 48 patients who tolerated
ibrutinib therapy, seven had CRs and eight had PRs, a
31% ORR, and the median DOR was 20 weeks.

Safety
Overall, patients received a median of two cycles (range,
0–11) of lenalidomide-based treatment. Most patients
received lenalidomide 10–25 mg/day on days 1–21 of
each 28-day cycle. As of the cutoff date of November 1,

2016, 54 patients had discontinued lenalidomide-based
therapy and four patients continue to receive lenalido-
mide (three censored for efficacy analyses), one in com-
bination with weekly bortezomib/dexamethasone/
rituximab, two in combination with weekly rituximab,
and one in combination with weekly obinutuzumab. The
primary reasons for lenalidomide treatment discontinu-
ation were lack of efficacy (n = 27); toxicity (n = 10);
other reasons (n = 9), such as initiation of another ther-
apy (e.g., based on physician or patient choice) or trial
(also an oral therapy), undergoing stem cell transplant-
ation, or primary clinician/patient decision to stop
therapy; completion of lenalidomide treatment (n = 5);
and missing data (n = 3).
Of the 58 patients analyzed for safety, 48 (83%) had

one or more TEAE during lenalidomide treatment.
Twenty (34%) patients had at least one serious TEAE
(lenalidomide alone 23%; lenalidomide + rituximab 36%;
lenalidomide + others 38%). The most frequently
reported serious TEAEs of any grade were febrile
neutropenia (n = 4; 7%), hypotension (7%), deep vein
thrombosis (DVT) (n = 3; 5%), pneumonia (5%),
pancytopenia (5%), fall (5%), acute kidney injury (5%),
dyspnea (n = 2; 3%), sepsis (3%), and respiratory failure
(3%). Overall, nine (16%) patients had at least one TEAE
leading to dose discontinuation (lenalidomide alone 8%;
lenalidomide + rituximab 18%; lenalidomide + others 18%).
These TEAEs included pancytopenia, thrombocytopenia,
and rash, each experienced by two patients (3%), and
anemia, febrile neutropenia, neutropenia, sepsis, fall, squa-
mous cell lung carcinoma, dyspnea, pleural effusion, and
orthostatic hypotension, each experienced by one patient
(2%). The most common all-grade TEAEs were fatigue,
cough, dizziness, dyspnea, nausea, peripheral edema,

Table 4 Lenalidomide treatment exposure (safety population)
L
(n = 13)

L + R
(n = 11)

L + other
(n = 34)

Overall
(N = 58)

Lenalidomide treatment duration, weeks

Median 8.4 14.0 7.0 8.4

Range 0.4 to 30.0 0.9 to 37.9 1.1 to 77.9 0.4 to 77.9

Number of lenalidomide cycles

Median 2.0 2.0 1.0 2.0

Range 1.0 to 7.0 1.0 to 9.0 0.0 to 11.0 0.0 to 11.0

Duration of other therapy combined with lenalidomide, weeks

Median NA 8.3 7.2 7.4

Range NA 0.1 to 35.9 0.7 to 77.7 0.1 to 77.7

L lenalidomide, L + R lenalidomide plus rituximab, NA not applicable

Fig. 1 Best evaluable response to lenalidomide by subgroup. Subgroups
include those of refractory versus relapsed/progressive disease, intolerant
versus tolerant to ibrutinib, and all patients. CR complete response, PD
progressive disease, PR partial response. Response data were missing or
unknown for 3 refractory, 5 relapse/PD, 0 ibrutinib intolerant, 8 ibrutinib
tolerant, and 10 patients overall
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assessments used IWG 1999 criteria (i.e., unconfirmed
CR [32]), the corresponding response per IWG 2007 was
changed to PR. Patients without a response evaluation
or had an unknown response were considered non-
responders. The secondary endpoint was DOR (time
from initial response to lenalidomide-based therapy of
≥PR to relapse/PD/death, whichever occurred first).
Responding patients without PD/death at analysis were
censored at the last assessment date.

Response and safety assessments
Time-to-event data were estimated using the Kaplan-Meier
method [33]. Planned analyses were conducted for MCL
subgroups of refractory (best response to ibrutinib of SD or
worse), relapsed/PD (initial response to ibrutinib of ≥PR
followed by PD), and those unable to tolerate ibrutinib (any
reason other than lack of efficacy).
Available records of treatment-emergent AEs (TEAEs)

with an onset date after lenalidomide initiation through
28 days after the last lenalidomide dose, regardless of
causality, were analyzed in the safety population. AEs
were classified according to the National Cancer
Institute (NCI) Common Terminology Criteria for
Adverse Events (CTCAE) version 4.03.

Statistical analysis
All efficacy evaluations were conducted in the eligible
patients. Patients were grouped by first type of lenalido-
mide treatment received: single agent, in combination
with rituximab, or in combination with other agents.
The response rate probability was estimated using the
proportion of responding patients with an exact two-
sided 95% CI; a sample size of 30 patients would allow a
two-sided 95% CI (lower boundary of 10%) for an
expected proportion of 25%.

Results
Patient characteristics
MCL patients from March 1, 2009, to April 12, 2016
who were treated with lenalidomide following ibrutinib
therapy were enrolled. The data cutoff for all patients
was November 1, 2016. The study enrolled 58 patients
at a total of 11 study sites, including 10 sites in the USA
and one site in England (Additional file 1: Table S1).
Seven patients signed informed consent forms (one
patient signed consent prior to initiating lenalidomide
treatment), and 51 patients had IRB/EC waivers.
Thirteen patients were treated with lenalidomide mono-
therapy, 11 with lenalidomide plus rituximab, and 34
with other lenalidomide combinations (Additional file 1:
Table S2). Two patients initially identified for analysis
were excluded from this observational cohort because
they did not meet all eligibility criteria (one patient
treated with lenalidomide plus rituximab had not

relapsed while on ibrutinib and one patient was not
treated with lenalidomide); these two patients are not
included in the overall enrolled set of 58 patients.
Patients had a median age of 71 years (range, 50–89),

and 71% were aged ≥ 65 years (Table 1). Forty-eight per-
cent of patients had an Eastern Cooperative Oncology
Group performance status of 0–1, 29% had high tumor
burden, and 14% had bulky disease (≥ 7 cm). The Mantle
Cell International Prognostic Index (MIPI) score could
not be derived for most patients due to a lack of the
required data to complete appropriate calculations for
30 patients (i.e., 52% missing data for MIPI; Ki-67 data
were not collected).
Patients had received a median of four prior lines of

systemic anti-lymphoma therapy (range, 1–13), 88% had
three or more prior therapies, and 79% had received
ibrutinib as monotherapy (Table 2). Most patients (60%)

Table 1 Patient characteristics at study entry
Characteristic L

(n = 13)
L + R
(n = 11)

L + other
(n = 34)

Overall
(N = 58)

No. % No. % No. % No. %

Median age, years (range) 67 (54–83) 70 (58–84) 71 (50–89) 71 (50–89)

≥ 65 6 46 9 82 26 76 41 71

Sex

Male 11 85 8 73 25 74 44 76

Female 2 15 3 27 9 26 14 24

ECOG PS

0–1 7 54 5 45 16 47 28 48

2–4 3 23 1 9 4 12 8 14

Missing 3 23 5 45 14 41 22 38

Tumor burdena

High 4 31 1 9 12 35 17 29

Low 1 8 5 45 13 38 19 33

Missing 8 62 5 45 9 26 22 38

Bulky diseaseb

Yes 2 15 0 0 6 18 8 14

No 2 15 6 55 17 50 25 43

Missing 9 69 5 45 11 32 25 43

Time from diagnosis to first lenalidomide dose, months

Median 58 47 46 49

Range 15–144 6–105 4–214 4–214

Time from end of last prior antilymphoma therapy to first dose of
lenalidomide, weeks

Median 0.7 0.3 0.7 0.7

Range 0.1–3.5 0.1–21.7 0.1–12.6 0.1–21.7

ECOG PS Eastern Cooperative Oncology Group performance status, L
lenalidomide, L + R lenalidomide plus rituximab
aHigh tumor burden is defined as at least one lesion ≥ 5 cm in
diameter or three lesions ≥ 3 cm in diameter [22]
bBulky disease is defined as at least one lesion ≥ 7 cm in the
longest diameter22
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Observational study of lenalidomide in
patients with mantle cell lymphoma who
relapsed/progressed after or were
refractory/intolerant to ibrutinib (MCL-004)
Michael Wang1*, Stephen J. Schuster2, Tycel Phillips3, Izidore S. Lossos4, Andre Goy5, Simon Rule6,
Mehdi Hamadani7, Nilanjan Ghosh8, Craig B. Reeder9, Evelyn Barnett10, Marie-Laure Casadebaig Bravo11

and Peter Martin12

Abstract

Background: The observational MCL-004 study evaluated outcomes in patients with relapsed/refractory mantle cell
lymphoma who received lenalidomide-based therapy after ibrutinib failure or intolerance.

Methods: The primary endpoint was investigator-assessed overall response rate based on the 2007 International
Working Group criteria.

Results: Of 58 enrolled patients (median age, 71 years; range, 50–89), 13 received lenalidomide monotherapy, 11
lenalidomide plus rituximab, and 34 lenalidomide plus other treatment. Most patients (88%) had received ≥ 3 prior
therapies (median 4; range, 1–13). Median time from last dose of ibrutinib to the start of lenalidomide was 1.
3 weeks (range, 0.1–21.7); 45% of patients had partial responses or better to prior ibrutinib. Primary reasons for
ibrutinib discontinuation were lack of efficacy (88%) and ibrutinib toxicity (9%). After a median of two cycles (range,
0–11) of lenalidomide-based treatment, 17 patients responded (8 complete responses, 9 partial responses), for a
29% overall response rate (95% confidence interval, 18–43%) and a median duration of response of 20 weeks (95%
confidence interval, 2.9 to not available). Overall response rate to lenalidomide-based therapy was similar for
patients with relapsed/progressive disease after previous response to ibrutinib (i.e., ≥PR) versus ibrutinib-refractory (i.
e., ≤SD) patients (30 versus 32%, respectively). The most common all-grade treatment-emergent adverse events
after lenalidomide-containing therapy (n = 58) were fatigue (38%) and cough, dizziness, dyspnea, nausea, and
peripheral edema (19% each). At data cutoff, 28 patients have died, primarily due to mantle cell lymphoma.

Conclusion: Lenalidomide-based treatment showed clinical activity, with no unexpected toxicities, in patients with
relapsed/refractory mantle cell lymphoma who previously failed ibrutinib therapy.

Trial registration: Clinicaltrials.gov identifier NCT02341781. Date of registration: January 14, 2015
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Efficacy of venetoclax monotherapy in patients with
relapsed, refractory mantle cell lymphoma after
Bruton tyrosine kinase inhibitor therapy

Mantle cell lymphoma (MCL), an aggressive B-cell
malignancy accounting for 6% of non-Hodgkin lym-
phomas, remains incurable with standard therapy.
Despite the approval of bortezomib,1 temsirolimus,2

lenalidomide,3 ibrutinib4 and acalabrutinib,5 patients with
relapsed, refractory MCL have a survival of 2 years. 

Although ibrutinib monotherapy provides significant
efficacy [overall response rate (ORR), 68%; complete
response rate, 21%; partial response rate, 47%] and is
well tolerated in relapsed, refractory MCL, patients ulti-
mately relapse (median progression-free survival, 13.9
months) following treatment with a Bruton tyrosine
kinase (BTK) inhibitor. There are minimal outcome data
for patients who progress after treatment with a BTK
inhibitor and the optimal therapeutic approach has not
been established. Recent retrospective analyses have
reviewed several agents (including traditional chemother-
apy, lenalidomide, bortezomib, and Pi3K inhibitors) in
this setting. The collated data6 reveal an ORR of 20-48%
and short progression-free survival and overall survival.7,8 

Cheah and colleagues analyzed the effects of
immunochemotherapy given after ibrutinib treatment in
31 patients. The ORR was 32% (complete response rate,
19%). The median overall survival was 8.4 months and
the median duration of response was 6 months.7 Martin
and colleagues also assessed the effects of post-ibrutinib
therapy. In their study of 73 patients, the ORR was 26%
(complete response rate, 7%) resulting in a median pro-
gression-free survival of 1.9 months and a median overall
survival of 5.8 months.9 MCL-004 assessed a lenalido-
mide-based approach after ibrutinib (progressive disease,
88%; toxicity, 9%). The ORR to the initial ibrutinib ther-
apy was 45%. Thirteen patients subsequently received
lenalidomide, 11 lenalidomide-rituximab and 34
lenalidomide plus other therapy. The ORR was 29% and
the median duration of response was 20 weeks. 

Outside of MCL-004, no specific regimen has assessed
more than 15 BTK inhibitor-resistant patients. Existing
therapies do not overcome unfavorable tumor biology in
this setting and novel combinations with differing target-
ed mechanisms are required.

BCL2 is overexpressed in MCL because of BCL2 loci
amplification,10 defective protein degradation via lack of
E3 ubiquitin ligase FBXO10, and transcriptional upregu-
lation via BTK-mediated canonical nuclear factor-κB acti-
vation.11 

Venetoclax is a potent, selective, oral BCL2 inhibitor. A
recent phase 1 trial of venetoclax monotherapy in non-
Hodgkin lymphoma included 28 patients with relapsed,
refractory MCL.12 Within the whole cohort, toxicity was
minimal and the ORR was 75% in MCL (21% complete
responses). The median progression-free survival was 14
months, with 800 mg o.d. being a safe dose sufficient to
achieve durable remissions. While these results are
impressive, no patients had received prior treatment with
a BTK inhibitor. To our knowledge, there are no data on
the efficacy of venetoclax monotherapy outside of this
initial publication and, in particular, no data published on
the use of this BCL2 inhibitor after treatment with a BTK
inhibitor. We retrospectively collected data on 20
relapsed, refractory MCL patients treated with off-label,
free-of-charge venetoclax monotherapy (03/2016-
05/2018) via a UK-wide compassionate use program sup-
ported by Abbvie. Data were collected from hospital

records by the treating physician and included response
to prior lines of therapy including BTK inhibitors, as well
as duration on and reasons for stopping BTK inhibition.
Pre-venetoclax data collected included Ann Arbor stage,
simplified Mantle Cell Lymphoma International
Prognostic Index (s-MIPI) score, histological subtype and
Ki67% where available. Response was assessed by com-
puted tomography alone or with positron emission
tomography (Cheson 2014 criteria). One patient with
heavy marrow infiltration at baseline was re-assessed
with repeat marrow evaluation. Two patients with
marked lymphocytosis and splenomegaly were included
in the ORR analysis as response was clearly assessable.
Three patients were evaluated clinically and therefore
excluded from the ORR analysis but included in the sur-
vival analysis. Induction immunochemotherapy included
high-dose cytarabine, high-dose cytarabine/maxi-CHOP-
R (cyclophosphamide, doxorubicin, vincristine, pred-
nisolone, rituximab) and autologous stem-cell transplan-
tation consolidation.13 This pathway was considered a
single treatment line. Rituximab maintenance following
immunochemotherapy with or without autologous stem
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Table 1. Baseline characteristics: prior therapies.
All patients (N = 20)                                                       n (%)

Gender                                                                                                 
Male                                                                                           17 (85%)
Female                                                                                        3 (15%)

First-line therapy                                                                               
CHOP ± R or CHOP-like                                                               6
Fludarabine-based ± R                                                                4a

Maxi-CHOP/HDAC ± R                                                                  8
Other                                                                                                2b

ASCT consolidation in first remission                                          
Yes                                                                                               6 (30%)
No                                                                                               14 (70%)

Rituximab maintenance in first remission                                  
After immunochemotherapy                                                2 (10%)
After ASCT                                                                                 0 (0%)
Neither                                                                                     18 (90%)

Duration of exposure to BTK inhibitor                                        
Median                                                                                   4.77 months
Range                                                                              0.66 – 34.85 months

Response to prior BTK inhibitor                                                   
Overall response                                                                 11/20 (55%)

Complete response                                                           3 (15%)
Partial response                                                                 8 (40%)

Stable disease                                                                         4 (20%)
Progressive disease                                                               5 (25%)

Reason for BTK inhibitor discontinuation (n = 20)                 
Progressive disease                                                                    17
Stable disease                                                                                1
Toxicity                                                                                             2

aIncluded fludarabine, melphalan, alemtuzumab (Campath) (FMC) reduced inten-
sity conditioning allogeneic stem cell transplantation in first complete remission;
brituximab + bortezomib (velcade), cyclophosphamide, doxorubicin, prednisolone
(R-VCAP), rituximab + chlorambucil. CHOP: cyclophosphamide, doxorubicin, vin-
cristine, prednisolone; R: rituximab; HDAC: high-dose cytarabine; ASCT: autologous
stem cell transplantation; BTK: Bruton tyrosine kinase. cell transplantation was also included in first treatment.

Following consent within a compassionate use program,
patients received venetoclax monotherapy in a weekly
ramp-up phase starting at 20-100 mg o.d. to a maximum
intended dose of 200-1200 mg o.d. until progressive dis-
ease, toxicity, death, or the physician’s or patient’s choice
to stop this therapy. Detailed dosing information was
available for 19/20 patients (Online Supplementary Table
S1). The final intended dose was 800 mg o.d. for 7/19
(37%) patients and 1200 mg o.d. for 9/19 (47%) patients.
The final intended dose was reached in 14/19 (74%)
patients. Intended dose was not obtained because of neu-
tropenia (n=1), sepsis (n=1), or progressive disease (n=3).
Five patients who reached the final intended dose
required a subsequent dose reduction (Online
Supplementary Table S1). 

Adverse event data, the incidence of tumor lysis syn-
drome, and anti-urate therapy were recorded. Adverse
events were graded according to the Common
Terminology Criteria for Adverse Events (CTCAE) ver-
sion 4.03. Follow-up was censored at the most recent
hospital visit or death. Non-responsive MCL was defined
as stable or progressive disease. Data were censored in
May 2018. Progression-free survival, overall survival and
duration of response were calculated in the standard

fashion. Statistical analyses were performed in XLSTAT.
The median age of the patients was 69 years (range,

43-84) and there was a typical male predominance (85%)
(Table 1). Patients had received a median of three prior
therapies (range, 2-5): 40% had received a high-dose
cytarabine-based induction regimen, with 30% undergo-
ing autologous stem cell transplantation in first remis-
sion. At relapse (first or subsequent), all received a BTK
inhibitor: ibrutinib (n=17), ibrutinib with donor lympho-
cyte infusion (n=1), tirabrutinib (n=2). The ORR to BTK
inhibition was 55% (complete response rate, 15%), with
a median progression-free survival of only 4.8 months
(range, 0.7-34.9). Eighteen patients stopped treatment
with the BTK inhibitor because of progressive disease
and two because of toxicity (grade 4 thrombocytopenia;
grade 4 subdural hemorrhage). After BTK inhibition, four
relapsed with blastoid MCL (Table 2). Prior to venetoclax
monotherapy, 95% had stage III/IV disease, 50% (9/18)
had high risk according to the s-MIPI score and the medi-
an Ki67% was 45% (11 biopsies assessed). 

Venetoclax monotherapy was well tolerated. There
were no cases of clinical tumor lysis syndrome and four
cases of transient, asymptomatic biochemical tumor lysis
syndrome, managed successfully with temporary treat-
ment cessation and re-challenge (Online Supplementary
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Figure 1. Survival outcome of patients with relapsed, refractory mantle cell lymphoma on venetoclax monotherapy. (A) Progression-free survival of all patients.
(B) Overall survival of all patients. (C) Duration of response. (D) Progression-free survival according to duration on ibrutinib therapy.
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Efficacy of venetoclax monotherapy in patients with
relapsed, refractory mantle cell lymphoma after
Bruton tyrosine kinase inhibitor therapy

Mantle cell lymphoma (MCL), an aggressive B-cell
malignancy accounting for 6% of non-Hodgkin lym-
phomas, remains incurable with standard therapy.
Despite the approval of bortezomib,1 temsirolimus,2

lenalidomide,3 ibrutinib4 and acalabrutinib,5 patients with
relapsed, refractory MCL have a survival of 2 years. 

Although ibrutinib monotherapy provides significant
efficacy [overall response rate (ORR), 68%; complete
response rate, 21%; partial response rate, 47%] and is
well tolerated in relapsed, refractory MCL, patients ulti-
mately relapse (median progression-free survival, 13.9
months) following treatment with a Bruton tyrosine
kinase (BTK) inhibitor. There are minimal outcome data
for patients who progress after treatment with a BTK
inhibitor and the optimal therapeutic approach has not
been established. Recent retrospective analyses have
reviewed several agents (including traditional chemother-
apy, lenalidomide, bortezomib, and Pi3K inhibitors) in
this setting. The collated data6 reveal an ORR of 20-48%
and short progression-free survival and overall survival.7,8 

Cheah and colleagues analyzed the effects of
immunochemotherapy given after ibrutinib treatment in
31 patients. The ORR was 32% (complete response rate,
19%). The median overall survival was 8.4 months and
the median duration of response was 6 months.7 Martin
and colleagues also assessed the effects of post-ibrutinib
therapy. In their study of 73 patients, the ORR was 26%
(complete response rate, 7%) resulting in a median pro-
gression-free survival of 1.9 months and a median overall
survival of 5.8 months.9 MCL-004 assessed a lenalido-
mide-based approach after ibrutinib (progressive disease,
88%; toxicity, 9%). The ORR to the initial ibrutinib ther-
apy was 45%. Thirteen patients subsequently received
lenalidomide, 11 lenalidomide-rituximab and 34
lenalidomide plus other therapy. The ORR was 29% and
the median duration of response was 20 weeks. 

Outside of MCL-004, no specific regimen has assessed
more than 15 BTK inhibitor-resistant patients. Existing
therapies do not overcome unfavorable tumor biology in
this setting and novel combinations with differing target-
ed mechanisms are required.

BCL2 is overexpressed in MCL because of BCL2 loci
amplification,10 defective protein degradation via lack of
E3 ubiquitin ligase FBXO10, and transcriptional upregu-
lation via BTK-mediated canonical nuclear factor-κB acti-
vation.11 

Venetoclax is a potent, selective, oral BCL2 inhibitor. A
recent phase 1 trial of venetoclax monotherapy in non-
Hodgkin lymphoma included 28 patients with relapsed,
refractory MCL.12 Within the whole cohort, toxicity was
minimal and the ORR was 75% in MCL (21% complete
responses). The median progression-free survival was 14
months, with 800 mg o.d. being a safe dose sufficient to
achieve durable remissions. While these results are
impressive, no patients had received prior treatment with
a BTK inhibitor. To our knowledge, there are no data on
the efficacy of venetoclax monotherapy outside of this
initial publication and, in particular, no data published on
the use of this BCL2 inhibitor after treatment with a BTK
inhibitor. We retrospectively collected data on 20
relapsed, refractory MCL patients treated with off-label,
free-of-charge venetoclax monotherapy (03/2016-
05/2018) via a UK-wide compassionate use program sup-
ported by Abbvie. Data were collected from hospital

records by the treating physician and included response
to prior lines of therapy including BTK inhibitors, as well
as duration on and reasons for stopping BTK inhibition.
Pre-venetoclax data collected included Ann Arbor stage,
simplified Mantle Cell Lymphoma International
Prognostic Index (s-MIPI) score, histological subtype and
Ki67% where available. Response was assessed by com-
puted tomography alone or with positron emission
tomography (Cheson 2014 criteria). One patient with
heavy marrow infiltration at baseline was re-assessed
with repeat marrow evaluation. Two patients with
marked lymphocytosis and splenomegaly were included
in the ORR analysis as response was clearly assessable.
Three patients were evaluated clinically and therefore
excluded from the ORR analysis but included in the sur-
vival analysis. Induction immunochemotherapy included
high-dose cytarabine, high-dose cytarabine/maxi-CHOP-
R (cyclophosphamide, doxorubicin, vincristine, pred-
nisolone, rituximab) and autologous stem-cell transplan-
tation consolidation.13 This pathway was considered a
single treatment line. Rituximab maintenance following
immunochemotherapy with or without autologous stem
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Table 1. Baseline characteristics: prior therapies.
All patients (N = 20)                                                       n (%)

Gender                                                                                                 
Male                                                                                           17 (85%)
Female                                                                                        3 (15%)

First-line therapy                                                                               
CHOP ± R or CHOP-like                                                               6
Fludarabine-based ± R                                                                4a

Maxi-CHOP/HDAC ± R                                                                  8
Other                                                                                                2b

ASCT consolidation in first remission                                          
Yes                                                                                               6 (30%)
No                                                                                               14 (70%)

Rituximab maintenance in first remission                                  
After immunochemotherapy                                                2 (10%)
After ASCT                                                                                 0 (0%)
Neither                                                                                     18 (90%)

Duration of exposure to BTK inhibitor                                        
Median                                                                                   4.77 months
Range                                                                              0.66 – 34.85 months

Response to prior BTK inhibitor                                                   
Overall response                                                                 11/20 (55%)

Complete response                                                           3 (15%)
Partial response                                                                 8 (40%)

Stable disease                                                                         4 (20%)
Progressive disease                                                               5 (25%)

Reason for BTK inhibitor discontinuation (n = 20)                 
Progressive disease                                                                    17
Stable disease                                                                                1
Toxicity                                                                                             2

aIncluded fludarabine, melphalan, alemtuzumab (Campath) (FMC) reduced inten-
sity conditioning allogeneic stem cell transplantation in first complete remission;
brituximab + bortezomib (velcade), cyclophosphamide, doxorubicin, prednisolone
(R-VCAP), rituximab + chlorambucil. CHOP: cyclophosphamide, doxorubicin, vin-
cristine, prednisolone; R: rituximab; HDAC: high-dose cytarabine; ASCT: autologous
stem cell transplantation; BTK: Bruton tyrosine kinase. 

with minimal toxicity, thereby providing further evidence
for its place in investigations of rational, novel combina-
tions in this setting. Specific clinical benefit was gained in
responding patients but the global progression-free sur-
vival was disappointing. Synergy between BTK inhibitors
and BCL2 inhibitors has been demonstrated in BTK-sen-
sitive and resistant MCL cells in vitro and in vivo11 and
early clinical data on the combination of ibrutinib-vene-
toclax (n=24) suggest safety, high complete metabolic
responses (71%) and high minimal residual disease-nega-
tivity (67% marrow; 8-color flow cytometry).15
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Tumour Lysis Syndrome

VEN
50mg

VEN
100mg

VEN
200mg

VEN
400mg

IB 560mg

VEN
50mg

VEN
100mg

VEN
200mg

VEN
400mg

20mg
IB 560mg

N = 15 treated using initial schedule
2 cases of TLS* among 4 baseline high-risk patients
Both TLS occurred at 50mg
Both successfully escalated to 400mg

N = 7 treated using revised schedule (20mg start)
No cases of TLS encountered (inc 2 high-risk patients)

*one case of grade 3 clinical TLS (acute renal impairment); one case of self-limiting fever, hyperphosphataemia and 
400% elevation in LDH, regarded as grade 3 biochemical TLS in absence of alternative explanation.

1 week

1 week



AIM: Overall Survival (n=24)
Median Follow-up 15.9 months (1.4 to 26.2 months)

Estimated 
Progression Free 
Survival

% 95% 
CI

12 month 79 64-97

18 month 74 57-95



AIM Study: Impact of TP53 aberrations and 
other mutations

N abnormal Complete 
remission

TP53 mutations and/or deletions 12 6 (50%)*

ATM mutations 10 10 (100%)

NFKB pathway mutations 
(CARD11, BIRC3 and/or TRAF2)

6 5 (83%)

*5 of 6 remaining progression free at 13+ to 20+ months.



Venetoclax combinations (Clinicaltrials.gov)

• Venetoclax and acalabrutinib in relapsed or refractory mantle cell lymphoma MCL
• Venetoclax and lenalidomide and rituximab in patients with Relaspsed

refractory MCL
• Ibrutinib and. Venetoclax. In R/R MCL
• Bendamustine and venetoclax and rituximab in naive. MCL
• Ibru+ritux+venetoclax and combination of chemotherapy
• Obinutuzumab and Ibrutinib in MCL
• Bendamustine and Obinutuzumab and Venetoclax
• R-BAC followed by Venetoclax
• APR 246 and Ibrutinib and venetoclax in MCL
• Zanubrutinib and Obinutuzumab and venetoclax



Relapses and Allo SCT

• In relapse, allo SCT is the only curative procedure after chemotherapy
• However, allo SCT is associated to a significant NRM and new targeted

therapies may improve prognosis and may induce long term
response/cure
• Allo SCT in relapse  

• Which patients ?
• Which treatment to bridge to AlloSCT and When to perform AlloSCT ?
• Which conditionning regimen ?
• Which type of graft ?
• Which follow up ?



Tam et al. Blood 113:4144 (2009)

Mature results of MDACC MCL transplants: OS

Allo vs Auto at relapse

Auto salvage 
(36)

allo salvage 
(35)



MCL: AlloSCT for autoSCT failure
HD/KI/HH 1994-2008 (52 REL after 119 

autotransplants)
Overall survival

Dietrich et al, Cancer May 1, 2011
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Table I.

Patient Characteristics.

Characteristic Total (N=42) TP53 − (N=23) TP53 + (N=19) p value

Age, years; median (range) 61.2 (33.9–73.7) 61.2 (33.9–71.3) 61.2 (49.1–73.7) 0.570

Female sex, N (%) 3 (7) 2 (9) 1 (5) >0.999

KPS ≤80, N (%) 12 (29) 5 (22) 7 (37) 0.462

HCT-CI, N (%) 0.481

0 9 (21) 5 (22) 4 (21)

1–2 16 (38) 7 (30) 9 (47)

≥3 17 (40) 11 (48) 6 (32)

Ki67 >30%, N (%) 17 (40) 8 (42) 9 (60) 0.490

MIPI Risk Index, N (%) 0.914

Low risk 16 (38) 8 (35) 8 (42)

Intermediate risk 20 (48) 11 (48) 9 (47)

High risk 6 (14) 4 (17) 2 (11)

Lines of prior therapy; median (range) 3 (1–6) 3 (1–6) 3 (1–6) 0.874

SD/PR at HCT, N (%) 2 (5) 1 (4) 1 (5) >0.999

Prior ASCT, N (%) 27 (64) 14 (61) 13 (68) 0.853

First-line consolidation, N (%) 8 (19) 5 (22) 3 (16) 0.709

Ibrutinib pre-transplant, N (%) 17 (40) 9 (39) 8 (42) >0.999

ATG use, N (%) 14 (33) 8 (35) 6 (32) >0.999

Matched donor, N (%) 31 (74) 19 (83) 12 (63) 0.180

HCT prior to 2011, N (%) 10 (24) 6 (26) 4 (21) >0.999

ASCT, autologous stem cell transplant; ATG, anti-thymocyte globulin; HCT-CI, haematopoietic cell transplant-comorbidity index; KPS, Karnofsky 
performance scale; MIPI, Mantle cell lymphoma International Prognostic Index; N, number; PR, partial remission; SD, stable disease; TP53 −, 
TP53 normal; TP53 +, TP53 altered.

Br J Haematol. Author manuscript; available in PMC 2020 March 01.

Figure 1. 
(A) Kaplan-Meier (KM) Plots of overall survival (solid line) and progression-free survival 
(dotted line) of the entire cohort. (B) Cumulative incidences of relapse (dotted line) and non-
relapse mortality (solid line). (C) KM Plots of overall survival for patients with (dotted line) 
or without (solid line) TP53 alteration. (D) Cumulative incidences of relapse in patient with 
(dotted line) or without (solid line) TP53 alteration
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DR. Richard J. Lin, MD, PhD1, Caleb Ho, MD2, Patrick D. Hilden, MS3, Juliet N. Barker, 
MD1,5, Sergio A. Giralt, MD1,5, Paul A. Hamlin, MD4,5, Ann A. Jakubowski, MD, PhD1,5, Hugo 
R. Castro-Malaspina, MD1,5, Kevin S. Robinson, BS1, Esperanza B. Papadopoulos, MD1,5, 
Miguel-Angel Perales, MD1,5, and Craig S. Sauter, MD1,5

1Adult BMT Service, Memorial Sloan Kettering Cancer Center, New York, NY
2Department of Pathology, Memorial Sloan Kettering Cancer Center, New York, NY
3Department of Epidemiology and Biostatistics, Memorial Sloan Kettering Cancer Center, New 
York, NY
4Lymphoma Service, Memorial Sloan Kettering Cancer Center, New York, NY
5Weill Cornell Medical College, New York, NY

Summary
TP53 alterations portend extremely poor prognosis in patients with mantle cell lymphoma treated 
with standard treatment modalities. We reviewed outcomes of 42 patients with available TP53 
status who had received a reduced-intensity or non-myeloablative allogeneic haematopoietic cell 
transplant at our institution. We demonstrated a 2-year overall survival and progression-free 
survival of 78% (95% confidence interval [CI] 60–88) and 61% (95% CI 43–75), respectively. The 
2-year cumulative incidences of relapse and non-relapse mortality were 19% and 20%, 
respectively. Importantly, there is no significant difference among patients with and without TP53 
alterations, suggesting for the first time a beneficial treatment modality for these high-risk patients.
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Allogenous stem cell transplantation in MCL



Peter Dreger et al , BMT 2019

Ibrutinib for bridging to allogeneic hematopoietic cell
transplantation in mantle cell lymphoma



CAR-T CD19 : mode of action
in MCL ZUMA 2 trial (ASH 2019)

Davila, Int J Hematol 2013



KTE-X19 CAR T-Cell Therapy in BTKi refractory patients
brexucabtagene autoleucel

BTKi, Bruton tyrosine kinase inhibitor; CAR, chimeric antigen receptor; MCL, mantle cell lymphoma; R/R, relapsed/refractory.

1. Wang M, et al. N Engl J Med. 2020; 382:1331-1342. 2. TECARTUS® (brexucabtagene autoleucel) Prescribing information. Kite Pharma, Inc; 2021. 3. TECARTUS®

(autologous anti-CD19-transduced CD3+ cells) Summary of Product Characteristics. Kite Pharma EU B.V.; 2021.

‡

• KTE-X19 is an autologous anti-CD19 CAR T-cell therapy 
• Produced in a manufacturing process that removes circulating CD19-

expressing malignant cells1

• Removal of these cells may limit the potential activation and exhaustion of 
anti-CD19 CAR T-cells during the ex vivo manufacturing process1

For Reactive Use 



ZUMA-2 Phase 21: Three-Year Follow-up

44

a Administered after leukapheresis and completed ≥5 days before initiating conditioning chemotherapy; PET-CT was required post-bridging. b Bone marrow biopsy was to be done at screening and, if positive, not done, 
or indeterminate, a biopsy was needed to confirm CR. c After 3 months, only targeted AEs (neurological, hematological, infections, GVHD, autoimmune disorders, and secondary malignancies) were monitored and 
reported for 15 years after the initial anti-CD19 CAR T-cell infusion or until disease progression or initiation of subsequent anticancer therapy, whichever occurs first. 
1. Wang M, et al. N Engl J Med. 2020;382:1331-1342. 2. Cheson BD, et al. J Clin Oncol. 2014;32:3059-3068.
AE, adverse event; BTKi, Bruton tyrosine kinase inhibitor; CAR, chimeric antigen receptor; CR, complete response; DOR, duration of response; GVHD, graft-versus-host disease; IRRC, independent radiology review 
committee; IV, intravenous; KTE-X19, brexucabtagene autoleucel; MCL, mantle cell lymphoma; MRD, minimal residual disease; ORR, objective response rate; OS, overall survival; PET-CT, positron emission tomography–
computed tomography; PFS, progression-free survival; PO, orally; PR, partial response; R/R, relapsed/refractory.

2)

Wang M et al., ASCO 2022, abstr.. 7518



Baseline Patient Characteristics 

BTKi, Bruton tyrosine kinase inhibitor; ECOG, Eastern Cooperative Oncology Group performance status; MCL, mantle cell lymphoma; MIPI, Mantle Cell Lymphoma International Prognostic Index. 

Wang M, et al. N Engl J Med. 2020; 382:1331-1342.

Characteristic N = 68
Median age (range), years 65 (38 – 79)

≥ 65 years, n (%) 39 (57)
Male, n (%) 57 (84)
Stage IV disease, n (%) 58 (85)
ECOG PS, n (%)

0 44 (65)
1 24 (35)

Bulky disease (≥ 10 cm), n (%) 7 (10)
Intermediate/high-risk MIPI, n (%) 38 (56)

Ki-67 proliferation index ≥ 50%, n/n (%)* 34/49 (69)

TP53 mutation, n/n (%) 6/36 (17)
Bone marrow involvement, n (%) 37 (54)
Extranodal disease, n (%)† 38 (56)
MCL morphology, n (%)‡

Classical 40 (59)
Pleomorphic 4 (6)
Blastoid 17 (25)

*Ki-67 data were available for 49 patients at diagnosis. † Excludes bone marrow and splenic involvement. ‡Morphology was unknown for 10 patients.

‡

For Reactive Use 



Prior Therapies 

* Induction plus consolidation/maintenance and/or all treatments occurring between sequential complete responses were counted as 1 regimen.
†Patients had relapsed after or were refractory to subsequent therapies prior to study entry. 

Characteristic N = 68
Median no. of prior therapies (range)* 3 (1-5)

≥ 3 prior lines of therapy, n (%) 55 (81)
Anthracycline or bendamustine, n (%) 67 (99)

Anthracycline 49 (72)
Bendamustine 37 (54)

BTKi, n (%) 68 (100)
Ibrutinib 58 (85)
Acalabrutinib 16 (24)
Both 6 (9)

Relapsed/refractory subgroup, n (%)
Relapsed after autologous SCT 29 (43)
Refractory to last prior therapy 27 (40)
Relapsed after last prior therapy 12 (18)

BTKi relapsed/refractory status, n (%) 68 (100)
Refractory to BTKi 42 (62)
Relapsed on BTKi 18 (26)
Relapsed after BTKi 5 (7)
Intolerant to BTKi† 3 (4)

BTKi, Bruton tyrosine kinase inhibitor; mAb, monoclonal antibody; SCT, stem cell transplant.

Wang M, et al. N Engl J Med. 2020; 382:1331-1342.

‡
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ORR by IRRC Assessment in All-Treated Patients (N=68)

47

• After 35.6 months median follow-up (range, 25.9–56.3), the ORR (CR + partial response [PR]) was 
91% (95% CI, 81.8–96.7), with a 68% CR rate (95% CI, 55.2–78.5) in all treated patients 

• In the ITT population, ORR was 84% (95% CI, 73.4–91.3), with a 62% CR rate (95% CI, 50.1–73.2)
Assessed by an IRRC according to the Lugano Classification.1  
a Since the previous report,2 IRRC review determined that 1 patient who was previously reported as best response of PR had no disease at baseline; this patient is reported as PD in the current report. 
1. Cheson BD, et al. J Clin Oncol. 2014;32:3059-3068. 2. Wang M, et al. Blood. 2020;136(suppl 1):20-22. 
CR, complete response; IRRC, independent radiology review committee; ORR, objective response rate; PD, progressive disease; PR, partial response; SD, stable disease.

Wang M et al., ASCO 2022, abstr.. 7518



CR, complete response; ND, no data; NE, not estimable; NR, no response; PFS, progression-free survival; PR, partial response. 

MCL - PFS in All-Treated Patients (N=68)

48

52.9%

Wang M et al., ASCO 2022, abstr.. 7518



CR, complete response; ND, no data; NE, not estimable; NR, no response; OS, overall survival; PR, partial response. 

MCL - OS in All-Treated Patients (N=68)

49

60.3%

Wang M et al., ASCO 2022, abstr.. 7518



Duration of Response and Overall Survival by Best 
Objective Response

Wang M, et al. N Engl J Med. 2020; 382:1331-1342.

Duration of Response Overall Survival

CR
PR
NR

CR, complete response; NE, not estimable; NR, no response; PR, partial response.

CR
PR
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MRD Detection at 3 and 6 Months Predicts Relapse
• MRD-negative status at Months 1, 3, 

and 6 was associated with durable 
response, with 55%, 71%, and 69% of 
MRD-negative patients at those 
timepoints remaining in ongoing CR at 
data cutoff (median follow-up, 35.6 
months) 

• Receiver operating characteristic curves 
of true-positive (sensitivity) versus false-
positive (specificity) rates were analyzed 
for MRD predictability of relapse and 
nonresponse

• Analysis of MRD at Months 3 and 6 was 
found to be predictive of relapse 
potential (AUC 0.80 and 0.75, 
respectively)

AUC, area under the curve; CAR, chimeric antigen receptor; MRD, minimal residual disease; ROC, receiver operating characteristics.51 Wang M et al., ASCO 2022, abstr.. 7518



Progression-Free Survival in High-Risk Subgroups

Wang M, et al. N Engl J Med. 2020; 382:1331-1342.

Classical, Pleomorphic, or Blastoid 
MCL

TP53 Mutations Detected vs 
Undetected Ki-67 index ≥ 50% vs < 50%

PFS

MCL, mantle cell lymphoma; NE, not estimable; PFS, progression-free survival.

‡
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Jacobson et al     ASH 2020   Abstract 2036

ORR by IRRC Assessment in Patients With and 
Without POD24

• The ORR was similar among patients with and without POD24, with a slightly higher CR rate in patients without 
POD24 

• Similar rates of MRD-negativity were also observed among patients with (81%; n=9/11) and without (79%; 
n=15/19) POD24

53

Assessed by an IRRC according to the Lugano Classification.1
a One patient was not evaluable.
CR, complete response; IRRC, Independent Radiology Review Committee; MRD, minimal residual disease; ORR, objective response rate; PD, progressive disease; with POD24, progression of disease <24 months after initial 
diagnosis; without POD24, progression of disease ≥24 months after initial diagnosis; PR, partial response; SD, stable disease.
1. Cheson BD, et al. J Clin Oncol. 2014;32:3059-68.

Wang ML, et al. ASCO 2021. Abstract #7547.

‡



Jacobson et al     ASH 2020   Abstract 2036

Duration of Response, Progression-Free Survival, and Overall 
Survival by POD24 Status

54

a Of responding patients.
NE, not estimable; NR, not reached; with POD24, progression of disease <24 months after initial diagnosis; without POD24, progression of disease ≥24 months after initial diagnosis.

Wang ML, et al. ASCO 2021. Abstract #7547.

‡



Treatment-Emergent Adverse Events

Grade 5 AEs: organizing pneumonia (n = 1)* and staphylococcal bacteremia (n = 1)†

N = 68
AE (≥30%), n (%) Any Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Any AE 68 (100) 0 1 (1) 11 (16) 54 (79) 2 (3)

Pyrexia 64 (94) 14 (21) 41 (60) 9 (13) 0 0
Neutropenia 59 (87) 0 1 (1) 11 (16) 47 (69) 0
Thrombocytopenia 50 (74) 9 (13) 6 (9) 11 (16) 24 (35) 0
Anemia 46 (68) 0 12 (18) 34 (50) 0 0
Hypotension 35 (51) 4 (6) 16 (24) 13 (19) 2 (3) 0
Chills 28 (41) 17 (25) 11 (16) 0 0 0
Hypoxia 26 (38) 2 (3) 10 (15) 8 (12) 6 (9) 0
Cough 25 (37) 14 (21) 11 (16) 0 0 0
Hypophosphatemia 25 (37) 2 (3) 8 (12) 15 (22) 0 0
Fatigue 24 (35) 10 (15) 13 (19) 1 (1) 0 0
Headache 24 (35) 15 (22) 8 (12) 1 (1) 0 0
Tremor 24 (35) 19 (28) 5 (7) 0 0 0
Hypoalbuminemia 23 (34) 5 (7) 17 (25) 1 (1) 0 0
Hyponatremia 22 (32) 15 (22) 0 7 (10) 0 0
Nausea 22 (32) 11 (16) 10 (15) 1 (1) 0 0
Alanine aminotransferase increased 21 (31) 13 (19) 2 (3) 5 (7) 1 (1) 0
Encephalopathy 21 (31) 5 (7) 3 (4) 7 (10) 6 (9) 0
Hypokalemia 21 (31) 12 (18) 4 (6) 3 (4) 2 (3) 0
Tachycardia 21 (31) 14 (21) 7 (10) 0 0 0

Wang M, et al. N Engl J Med. 2020; 382:1331-1342.

*Related to conditioning chemotherapy.  
†Related to conditioning chemotherapy and KTE-X19.

‡
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Cytokine Release Syndrome

No Grade 5 CRS occurred

AE, adverse event; CRS, cytokine release syndrome.

*CRS was graded per Lee DW, et al. Blood. 2014;124:188-195. Individual symptoms of CRS were graded per National Cancer Institute’s Common Terminology Criteria for Adverse Events, v 4.03.
†Events of any grade that occurred in at least 20% of the patients.

Wang M, et al. N Engl J Med. 2020; 382:1331-1342.

N = 68
Any Grade Grade 3 Grade 4

CRS, n (%)* 62 (91) 8 (12) 2 (3)
Most common symptoms, n (%)†

Pyrexia 62 (91) 7 (10) 0
Hypotension 35 (51) 14 (21) 1 (1)
Hypoxemia 23 (34) 8 (12) 4 (6)
Chills 21 (31) 0 0
Tachycardia 16 (24) 0 0
Headache 15 (22) 0 0

N = 68
AE management (%)

Tocilizumab 59
Glucocorticoids 22
Vasopressors 16

Median time to onset, days (range)
Any grade 2 (1 – 13)
≥ Grade 3 4 (1 – 9)

Median time to event resolutions, days 11

‡

For Reactive Use 



Neurologic Events

• One patient had Grade 4 cerebral edema 

• The patient fully recovered with 

aggressive multimodality therapy 

including ventriculostomy 

*Neurologic events were graded per National Cancer Institute’s Common Terminology Criteria for Adverse Events, v 4.03. 
†Events of any grade that occurred in at least 20% of the patients.
‡Four patients had ongoing neurologic events at data cutoff: Grade 1 tremor (n = 3), Grade 2 concentration impairment (n = 1), and Grade 1 dysesthesia (n = 1). 

N = 68
Any Grade Grade 3 Grade 4

Neurologic events, n (%)* 43 (63) 15 (22) 6 (9)

Most common symptoms, n (%)†

Tremor 24 (35) 0 0
Encephalopathy 21 (31) 7 (10) 6 (9)
Confusional state 14 (21) 8 (12) 0

N = 68
AE management (%)

Tocilizumab 26
Glucocorticoids 38

Median time to onset, days (range)
Any grade 7 (1 – 32)
≥ Grade 3 8 (5 – 24) 

Median duration of events, days 12
Patients with resolved events, n (%) 37/43 (86)‡

AE, adverse event.

Wang M, et al. N Engl J Med. 2020; 382:1331-1342.

§ No Grade 5 neurologic events occurred

‡
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Neelapu et al     ASH 2020     Abstract 405

AE, n (%)

All Treated Patients (N = 68)

Occurred Between Last DCO and 
Current DCOb

Any 
Grade

Grade 
≥ 3

Any AE 13 (19) 9 (13)

Neutropenia 6 (9) 6 (9)

Infection 5 (7) 1 (1)

Anemia 3 (4) 1 (1)

Neurologic event 2 (3)c 1 (1)

Thrombocytopenia 2 (3) 2 (3)

CRS 0 0

Hypogammaglobulin-emia 0 0

Tumor lysis syndrome 0 0

• No new safety signals were observed with additional follow-up
• No new CRS or new Grade 5 events occurred since the previous report

All Treated Patients (N = 68)

Present ≥ 3 Months 
Post-Infusion 

Present ≥ 6 Months 
Post-Infusion 

AE, n (%)a
Any 

Grade
Grade 

≥ 3
Any 

Grade
Grade

≥ 3

Any AE 55 (81) 33 (48) 49 (72) 25 (37)
Anemia 22 (32) 9 (13) 13 (19) 4 (6)
Neutropenia 20 (29) 16 (24) 14 (21) 11 (16)
Thrombocytopenia 20 (29) 14 (21) 14 (21) 9 (13)
White blood cell count decrease 16 (24) 9 (13) 12 (18) 6 (9)
Fatigue 10 (15) 0 10 (15) 0
Pneumonia 9 (13) 5 (7) 6 (9) 4 (6)
Cough 8 (12) 0 7 (10) 0
Hypogammaglobulinemia 8 (12) 0 7 (10) 0
Upper respiratory tract infection 7 (10) 2 (3) 5 (7) 1 (1)

a Includes AEs of any grade occurring in ≥ 10% of patients. 
b Includes all AEs that occurred after the primary analysis data cutoff date (July 24, 2019) and by the data cutoff date of the current analysis (December 31, 2019).
c Grade 1 impaired balance (n = 1, Day 106); Grade 3 encephalopathy (n = 1, Day 397).
AE, adverse event; CRS, cytokine release syndrome; DCO, data cutoff.

Wang ML, et al. ASH 2020. Abstract #1120.

Adverse Events at 1-Year Follow-Up
‡
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Association of CAR T Cell Expansion With 
Minimal Residual Disease and Toxicity

MRD at Week 4
P = 0.03

Neurologic Events
P < 0.01

Cytokine Release Syndrome
P = 0.02

• Robust expansion of anti-CD19 CAR T cells in blood was associated with high-sensitivity molecular MRD assessed by NGS at 10-5

• Patients with the most robust expansion were at a higher risk for experiencing Grade ≥ 3 vs  ≤ 2 CRS and NEs

Wang M, et al. N Engl J Med. 2020; 382:1331-1342.

CRS, cytokine release syndrome; MRD, minimal residual disease; NE, neurologic event; NGS, next-generation sequencing.

‡
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What are the effects of prior bendamustine use 
on CAR T-cell therapy?

1. Wang M, et al. J Clin Oncol 2022; ePub ahead of print. 2. Wang ML, et al. ASCO 2022 (Abstract 7518; poster). 

Patients treated with brexucabtagene autoleucel could 
benefit from longer time spans between prior 
bendamustine and CAR T therapy; however, further 
analysis is required 

54% of patients in ZUMA-2 received prior bendamustine1,2
Median time from last bendamustine exposure to brexucabtagene autoleucel infusion was 20.9 months1,2
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Exploratory post hoc analysis of the impact of the timing of bendamustine on CAR T-cell therapy (n=37)1,2



BTKi exposure
Enhance T cell phenotype and function
Down regulation of PD1 on T cells and CD200 (on B cells)
Increase CAR-T cells of CD-8+ central memory CD62L+CD127+
ITK inhibition (Ibrutinib) Th2 toward Th1





63

A Comparison of Overall Survival with Brexucabtagene Autoleucel (Brexu-cel) CAR T-Cell Therapy 
(ZUMA-2) and Standard of Care (SCHOLAR-2)  in Patients with Relapsed/Refractory Mantle  Cell 

Lymphoma (R/R MCL) Previously Treated with a Covalent Bruton Tyrosine Kinase Inhibitor (BTKi)

Hess G et al. ASH 2022, abstr. 4627

• With IPW, the adjusted OS KM curve for SOC shifted slightly downward, with a median OS of 14.2
(95% CI: 6.8, 30.9) months

• Similar to the unadjusted results, the IPW-adjusted OS HR of 0.38 (95% CI: 0.23, 0.63; P<0.001) suggested that brexu-cel reduced the risk 
of death relative to SOC



R/R MCL Clinical Outcome

N Response
(ORR/CR)

PFS OS Tox
(G >3)

Comments

ZUMA-7
(Brexucel)

68 91%/68% 52.9% 
(24m)

60.3%
(24m)

NE 32% Wang ASH/ASCO 2022

RWE
(Brexucel)

33 85%/59% 50.8%
(12m)

61.4%
(12m)

NE 36% 5 G5 events Iacoboni Blood Adv. 2022 
Jun 28;6(12):3606-3610

RWE
(O´Reilly et al.)
(Brexucel)

50 (infused) 89.6%/ 56.1%
(12m)

72.3%
(121m)

O´Reilly et al. ASH 2022

TRANSCEND
(Lisocel)

32 84%/59%
DL2:
88%/65%

NE 10% Cytopenias Palomba ML,et al. ASH 2020

Tarmac
(Tisacel)

20 (infused) 90%/85% 1 AF,, 1NE Minson A et al., ASH 2022



BiTE CD3-CD20 mosunetuzumab / glofitamab / odronextamab / 
epcoritamab

abstr. 400-404 ASH 2020

MCL, 56y
3 prior ttt lines 

(including ibrutinib)



Time on treatment and response

EOT, end of treatment; CRR, complete response rate; ORR, overall response rate.

• Median follow-up (months):
– 8.0 months

• Median time to first response: 
– 51 days (range, 29–234)

• Response at first assessment: 
– CRR: 48.6%, ORR: 73.0%

• No PD was reported beyond EOT 
in patients with response at EOT

Most responses were achieved early and were durable

Durability of response in efficacy-evaluable patients

SUD (16mg) + 
1000mg Gpt

SUD (30mg) + 
1000mg Gpt

SUD 
+ 2000mg Gpt
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Glofitamab Monotherapy Induces High Complete Response Rates in 
Patients with Heavily Pretreated Relapsed or Refractory Mantle Cell Lymphoma

Philipps T et al., ASH 2022, abstr. 74



Mantle Cell Lymphoma:
Open Questions

67
Al-Mansour M. Treatment Landscape of Relapsed/Refractory Mantle Cell Lymphoma: An Updated Review. Clin Lymphoma
Myeloma Leuk. 2022 Nov;22(11):e1019-e1031. doi: 10.1016/j.clml.2022.07.017. Epub 2022 Aug 3. PMID: 36068158.

Treatment that preserves T cell function
Role of Bendamustine, High dose ARA-C
Use immune enhancer like BTKi+++
AlloSCT in fit patients vs CAR-T vs Bispe ?



Combination ClinicalTrials.gov Phase Patient status Endpoints

Ibrutinib + venetoclax vs. ibrutinib 
(Sympathico) NCT03112174 3 First line or R/R CR, PFS

Ibrutinib + ixazomib NCT03323151 1/2 R/R MTD, CR

Tisagenlecleucel + ibrutinib NCT04234061 2 R/R CR

Loncastuximab tesirine + ibrutinib NCT03684694 1/2 R/R Safety, CR

CA-4948m ± ibrutinib NCT03328078 1/2 R/R CR, ORR. DOR, Safety

Acalabrutinib + rituximab+ bendamustine 
or venetoclax NCT02717624 1b/2 First line or R/R Safety, CR

Acalabrutinib + venetoclax NCT03946878 2 R/R CR, PFS

Venetoclax + lenalidomide + rituximab 
(Valeria) NCT03505944 1/2 R/R ORR, PFS

Lenalidomide + blinatumumab NCT02568553 1 R/R MTD/CR

68

Ongoing/Recent Clinical Trials in Relapsed or Refractory MCL



Ibrutinib
(BTKi/ITK?)

BTKi

Acalbrutinib
Revliimid

Ritux

Ibrutinib
Bendamustine

(Shine)

Ibrutinib
(BTKi/ITK?)

BTKi
RCHOP/DHAP

(Triangle)

Ibrutinib
(BTKi/ITK?)

BTKi
CAR-T cells
(CARMAN)
High risk

MIPIc; TP53

Ibrutinib+R
(BTKi/ITK?)

BTKi
Low risk
Enrich

Ibrutinib
Venetoclax
(OASIS-2)

Ibrutinib
Venetoclax

Vs
BRI

(Viral Study)




