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Opinion statement

For years, upfront autologous hematopoietic cell transplant (auto-HCT) has been the
standard of care for younger and physically fit mantle cell lymphoma (MCL) patients after
chemoimmunotherapy (CIT) induction. Bruton’s tyrosine kinase (BTK) inhibitors have
proven to be excellent salvage therapies, but their durability remains a question, espe-
cially in high-risk (HR) MCL. Allogeneic HCT (allo-HCT) was the only option for long-term
remission and possibly cure for MCL relapse after auto-HCT and sometime as upfront
consolidation for a young patient with HR MCL (debatable). We have seen a paradigm
shift since the FDA approval in July 2020 of the brexucabtagene autoleucel chimeric
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antigen receptor T (CAR-T) cell therapy for relapsed and refractory (R/R) MCL with an
preliminary evidence suggesting CAR-T may overcome known biological risk factors in MCL.
Given its safety profile and excellent efficacy, the role of CAR-T among other approved
therapies and HCT may need to be better defined. Based on the current evidence, auto-HCT
remains a standard frontline consolidation therapy. CAR-T therapy is a preferred option for
patients with relapsed/refractory (R/R) MCL, particularly those who failed BTK inhibitors.
In certain high-risk MCL patients (such as high ki 67, TP53 alterations, complex karyotype,
blastoid morphology, early relapse after initial diagnosis), CAR-T cell therapy may be
considered before BTK inhibitors (preferably on a clinical trial). The role of allo-HCT is
unclear in the CAR-T era, but remains a viable option for eligible patients who have no
access or who have failed CAR-T therapy. Our review discusses current standards and the
shifting paradigms in the indications for HCT and the role of CAR-T cell therapy for MCL.
Prospective studies tailored based on risk factors are needed to better define the optimal

sequences of HCT and cellular therapy and other approved novel therapies.

Introduction

Mantle cell lymphoma (MCL) is a distinct subtype of
mature B-cell non-Hodgkin lymphoma, accounting for
approximately 6-8% of all NHLs [1, 2]. The molecular
hallmark in >95% of cases is the t(11;14)(q13;q32)
translocation between an IGH gene and CCND1, result-
ing in overexpression of cyclin D1 [3]. MCL most com-
monly presents in the seventh decade of life, with a
median age at onset of 68-71 years in most studies.
While the clinical presentation is widely variable, MCL
is characterized overall by a remitting-relapsing course
and a generally poor prognosis. The median overall
survival (OS) is approximately 5-6 years, but significant
variability in outcomes exists which relates to several
known prognostic factors and to patient eligibility for
intense therapies, including transplant [1, 4].

For the majority of patients, first-line therapy for MCL
involves induction with chemoimmunotherapy (CIT),
typically consisting of cytarabine-based regimen, an anti-
CD20 monodonal antibody (e.g., rituximab), and either
CHOP or bendamustine. Eligible patients with complete
response (CR) or partial response (PR) after initial CIT are
typically offered upfront consolidation with autologous

High-risk MCL

hematopoietic cell transplantation (auto-HCT). Mainte-
nance therapy with rituximab after auto-HCT improved
both PFS and OS in the LyMa phase 3 clinical trial con-
ducted by The Lymphoma Study Alliance (LYSA) group,
and is considered now a standard approach after trans-
plant [5]. However, despite the high initial efficacy rates,
majority of patients inevitably relapse, requiring subse-
quent therapies. Using a Bruton’s tyrosine kinase (BTK)
inhibitor-based regimen is a preferred second-line treat-
ment, but there remains great variability on the optimum
regimen selection based on availability of clinical trials. In
the relapsed setting, allogeneic HCT (allo-HCT) has tradi-
tionally been considered as a preferred second-line con-
solidation treatment with curative potential for eligible
patients [4]. While allo-HCT represents a potentially cura-
tive option for a small subset of MCL cases, it is not
without significant potential short- and long-term com-
plications. With the approval of chimeric antigen receptor
T (CAR-T) cell therapies in MCL, the question becomes: is
there still a role for transplant in MCL, and if so, at what
point in the relapsing-remitting course of R/R MCL is
CAR-T vs. transplant best positioned?

Several factors are known to define a subgroup of patients with MCL who have
high-risk disease at increased risk of early relapse and inferior OS. The simplified
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Mantle Cell International Prognostic Index (MIPI), which incorporates age,
performance status, lactate dehydrogenase, and white blood cell count, is a
valid prognostic score for MCL, subdividing patients into three prognostic risk
groups with significantly worse OS at 5 years for patients with high-risk MIPL
However, the MIPI did not account for other important risk factors such as
cytology (blastoid/pleomorphic morphology), Ki-67 expression, and the pres-
ence of TP53 mutations/alterations, among others, which have also been asso-
ciated with aggressive disease and inferior survival, independent of the MIPI
score. Several attempts are made to incorporate some of these prognostic factors
into the MIPI to improve its prognostic value. The combined MIPI (MIPI-c)
score, incorporating the Ki-67 index, was developed which further classifies
patients into four prognostic groups: low, low-intermediate, high-intermediate,
or high-risk group, with median OS of 9.4, 4.9, 3.2, and 1.8 years, respectively
[6, 7].

However, the management of patients with MCL was not tailored based on
the MIPI risk group or other risk factors. Over recent years, we learned that
certain biological and clinical features predict worse outcomes with CIT with or
without auto-HCT and BTK inhibitors, including TP53 alteration, pleomorphic
or blastoid histology, and complex karyotype. Blastoid/pleomorphic variants
(vs. classic MCL) are seen in 10-20% of cases and have been associated with an
aggressive course and worse clinical outcomes and are commonly associated
with TP53 alteration [7, 8]. TP53 (tumor protein 53) alterations in MCL are
associated with aggressive course and poor response to conventional chemo-
therapy [8-10]. Complex karyotype (CK), defined by more than three chromo-
somal aberrations, appears to be independently associated with inferior out-
comes in patients with MCL regardless of the intensity of induction therapy
[11]. Karyotype and TP53 mutation analyses are not routinely done in com-
munity practices and might need to be incorporated into the workup of a new
diagnosis of MCL, and novel therapeutic approaches should be investigated for
those patients. Lastly, progression within 24 months of diagnosis (POD24) was
associated with worse clinical outcomes [12-14].

Understanding those biological and clinical risk factors will help us design
risk-adapted treatment strategies for patients with MCL. Clinical outcomes for
high-risk MCL patients with auto-HCT, allo-HCT, and CAR-T cell therapy will
be discussed further in this review.

Auto-HCT in MCL
]

Auto-HCT remains the standard of care first-line consolidation therapy for
patients with chemo-sensitive MCL (CR or PR) following initial chemoimmu-
notherapy (CIT) induction therapy, especially in patients younger than 65-70
years old. Several studies showed improved outcomes through intensification
of first-line therapies for MCL including frontline consolidation with auto-HCT.
One of the earliest pivotal studies was the randomized phase 3 clinical trial by
the European Mantle Cell Lymphoma Network which showed a clear improve-
ment in PFS with auto-HCT consolidation compared to interferon-alpha (IFN-
alpha) maintenance. Patients in this study received CHOP-like induction ther-
apies + rituximab with 3-year PFS rates of 54% and 25% in the auto-HCT and
IFN groups, respectively (P = .0108). A long-term follow-up of the European
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MCL study (median follow-up of 14 years) was recently reported confirming a
superior PFS and OS with auto-HCT compared to IFN-alpha maintenance
group (3.3 years and 7.5 years vs. 1.5 years and 4.8 years, respectively) [15, 16].

Across Nordic MCL1 and MCL2 studies, induction therapy was intensified
by using augmented CHOP (maxi-CHOP) alternating with high-dose cytara-
bine and rituximab achieving very encouraging outcomes with 10-year PFS and
OS of 43% and 58%, respectively [17]. A large registry study, which included
1029 newly diagnosed MCL patients treated at 25 North America academic
centers, showed significantly improved PFS with auto-HCT and a trend for
better OS [4]. In a more recent study, using the National Cancer Database and
which included 10,290 patients with newly diagnosed MCL, auto-HCT was
associated with improved 5-year OS in both younger and older patients com-
pared to only chemotherapy [18]. The two most common induction therapies
in the USA before auto-HCT for MCT include cytarabine-based regimens and
rituximab in addition to either R-CHOP/maxi-R-CHOP (adopted from the
Nordic experience) or rituximab and bendamustine with comparable overall
results (no head to head comparison) [19]. Furthermore, the outcomes of
upfront auto-HCT have improved by adding rituximab maintenance based on
arandomized phase 3 LyMA trial involving 299 patients who were randomized
to receive either rituximab maintenance therapy or only observation after auto-
HCT, which showed rituximab maintenance prolonged PFS and OS with 4-year
PFS of 83% versus 64% in the observation arm (P<0.001) and 4-year OS of
89% vs. 80% in the observation group (P=0.04) [5]. A phase III multicenter
randomized Italian study showed 3 years PFS advantage for 2-year
lenalidomide maintenance (104 patients randomized to lenalidomide and
101 patients to observation) after frontline auto-HCT; patients who received
lenalidomide had 3-year PFS of 80% vs. 64% in the observation group (log-
rank test P=0- 012; hazard ratio 0.51, 95% CI 0.30-0.87) [20]. Early on during
SARS-CoV-2 pandemic, many clinicians were reluctant to initiate rituximab
maintenance due to the concern of more complications and death from
SARS-CoV-2 in patients who received rituximab [21] and the lower rate of
serological response for COVID vaccination (between 0-14% vs. 46-55%) if
patients received rituximab within 6-12 months [22, 23]. In fact, a survey
conducted showed that up to 59% of lymphoma physicians across National
Cancer Institute-designated cancer centers held rituximab during the pandemic
and the majority elected to hold rituximab 4-6 months to allow COVID
vaccination to be completed [24]. The hope with more patients being already
vaccinated and less aggressive variants circulating, the maintenance therapy
would be of a less concern moving forward.

There remains no consensus on a standardized high-dose conditioning
(HDC) for transplant. BEAM is the most frequently used HDC regimen in the
USA. However, a retrospective study combining data from two studies (Nordic
MCL2 and HOVON-45) suggested TBI-based conditioning to be superior in
young and fit patients with high-risk MCL compared to conditioning without
TBI. Another research area of interest being explored in MCL is the role of
minimal residual disease (MRD), not only for its prognostic value, but as a
predictive marker for intensification of therapy after induction therapy. The
ongoing ECOG EA4151 study is exploring the role of peripheral blood MRD
after induction and at day +100 after auto-HCT; patients with residual disease
(bone marrow biopsy or PET/CT scan) or detected MRD after induction
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proceed with auto-HCT followed by rituximab maintenance, but patients with
CR and undetected MRD are randomized to either auto-HCT + rituximab
maintenance or rituximab maintenance only.

Auto-HCT and high-risk MCL

Allo-HCT and MCL

Despite that the early follow-up of the Second Nordic Mantle Cell Lymphoma
trial (MCL2) suggested more than 60% event-free survival at 5 years for upfront
auto-HCT, however, the 15-year follow-up of MCL2 showed no survival pla-
teau, and patients continue to relapse even after 10 years from auto-HCT. PFS
decreased from 66% in the 5-year follow-up to only 40% in the 15-year follow-
up, and in the high-risk MIPI and MIPI-C groups, the PFS was only 25% [25].
Although 18 patients relapse after 5 years from auto-HCT, however, there were
no high-risk patients relapsed beyond 8 years. Patients with blastoid morphol-
ogy had a trend to inferior OS but not PFS. A retrospective study reviewed 483
patients who had CIT followed by auto-HCT from 5 academic US centers and
found complex karyotype to be independent risk factor associated with shorter
median PFS (1.9 years vs. 4.4 years) and OS (4.5 vs. 11.6 years) compared to
patients with normal karyotype [11]. In a study of 183 younger patients with
MCL from the Nordic MCL2 and MCL3 trials, TP53 mutations (but not dele-
tion) were associated with dismal outcomes with a median OS of 1.8 years, and
50% relapsed within 1 year [10]. In addition to TP53 mutations, MIPI-c high-
risk had an independent prognostic impact on time to relapse. MRD (by PCR)
positivity status predicts worse outcomes after auto-HCT. Following auto-HCT
in the MCL-2 study, OS was 75% at 10 years and median not reached in the
MRD-undetected group, compared with only 35 months in the MRD-detected
group (P < .0001) [26]. Time to first relapse after first-line therapy is strongly
predictive for long-term outcomes regardless of intensity of frontline therapy. In
a retrospective study of 457 patients with relapsed MCL who had CIT
with/without auto-HCT. The outcomes of patients (n=65) with early relapse
within 6 months after first line and then treated with CIT/auto-HCT were poor
with 2-year PES of only 0.5 years (95% CI, 0.2-2.3) and OS of 1.1 years (95%
CI, 0.5-NR) [27]. Therefore, salvage auto-HCT is not recommended as a pre-
ferred option for relapsed MCL patients except for a subgroup of patients who
had long-term first remission [28]. Hence, there is a group of high-risk MCL
patients who may not benefit from intensification of therapy with HDC and
auto-HCT. These patients may potentially benefit from allo-HCT, and enroll-
ment in clinical trials should be strongly encouraged. Auto-SCT is not without
risks; although the treatment-related mortality is relatively low (<5%), survivors
of auto-HCT have 7% long-term risk of MDS/AML, experience long-term com-
plications, and have an excess late mortality risk when compared to the general
population [29].

Allo-HCT has been explored in several studies (refer to Table 1) over the past 2
decades and has been the only option with potential cure in eligible MCL
patients. The role of allo-HCT in MCL is supported by four non-randomized
prospective clinical studies [30-33] and several retrospective and registry
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studies [34, 35]. Allo-HCT is generally associated with notable reduction in
relapse risk which is likely related to the strong graft-versus-lymphoma (GVL)
effect, and hence the potential cure. However, the use of allo-HCT is limited to a
small proportion of fit and younger patients with suitable donors given the
substantial associated toxicity (such as graft-versus-host disease (GVHD) and
infections) and increased early transplant-related mortality (TRM) [36-39].
However, there have been remarkable advancements in more recent years in
supportive care measures (including prevention and treatment of infections and
GVHD) and conditioning regimens for which morbidity and TRM continue to
improve. For instance, given the known strong GVL effect, reduced-intensity
conditioning (RIC) regimens were introduced and commonly used now with
remarkable decreased toxicity and TRM compared to the traditional
myeloablative conditioning (MAC). Comparisons of outcomes using RIC vs.
MAC regimens for allo-HCT have revealed higher relapse rates but relatively
lower NRM rates and slightly improved PFS and OS rates with RIC regimens
[34, 35]. These improvements in supportive measures and using RIC regimens
have expanded the use of allo-HCT to a higher proportion of patients to include
older, less fit MCL patients, who previously would not have been considered
candidates for transplant. Another limiting factor for allo-HCT is the require-
ment for donor matching stem cells, for which an HLA-matched donor remains
the gold standard. Similarly to other hematologic malignancies, haploidentical
HCT (haplo-HCT) outcomes have improved over the last decade with the
introduction of post-transplantation cyclophosphamide; published studies sug-
gest encouraging outcomes with haplo-HCT regarding NRM, PFES, and OS,
though data to date is inclusive of all lymphoma subtypes, not specifically
MCL, and further investigation is necessary to further elucidate outcomes [36,
40].

Traditionally, allo-HCT is offered to eligible patients who failed CIT follow-
ed by auto-HCT or for patients with primary refractory disease. Allo-HCT is
offered at times by some experts as an upfront consolidation for selected young
patients with high-risk MCL patients who fail to achieve a complete remission
or even those in first remission with one or more molecular or biological risk
factors such as those with TP53 mutation. Two non-randomized prospective
clinical trials supported upfront allo-HCT in younger patients with HR disease
with 5-year PFS exceeding 56% in both studies [32, 33].

The recent approval of CAR-T cell therapy for MCL is expected to have an
impact on the indications and utilization of allo-HCT. However, knowing the
incurable nature of MCL and based on the long experience with allo-HCT
showing durable responses and cure in high-risk MCL patients, longer follow-
ups will be needed to better define who can have durable responses after CAR-T
cell therapy and would benefit the most from this novel practice-changing
therapy. Furthermore, a significant proportion who had initial response after
CAR-T cell therapy might relapse within few months. Hence, it is imperative to
identify the risk factors for lack of response or early failure after CAR-T cell
therapy and be considered at earlier phases for allo-HCT. Given the advantage
of reduced TRM with CAR-T cell therapy, a panel of international experts from
the American Society for Transplantation and Cellular Therapy (ASTCT) and
European Group for Blood and Marrow Transplantation (EBMT) recommend-
ed offering CAR-T cell therapy before allo-SCT if possible in the relapsed setting
for TP53 unmutated MCLs (grade C recommendation) [28]. For patients who
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relapse after CAR-T cell therapy, allo-HCT remains the only potentially curative
option. However, this may not be practical, as patients who progress after CAR-
T are generally physically unfit to get allo-SCT. Allo-HCT can serve as a salvage
consolidation option as well for minority of patients who are complicated by
prolonged and profound pancytopenia after CAR-T cell.

High-risk MCL and allo-HCT

Unlike auto-HCT, the use of allo-HCT in HR patients has been associated with
encouraging results and it is believed allo-HCT can overcome many adverse
features; for example, a study of 42 MCL who had allo-HCT suggested no
significant difference in OS or relapse between TP53 alteration (N=19) patients
vs. wild type (n=23). Nine patients with TP3 alternation vs. 10 of wild type were
alive after 24 months (log-rank P=0.581) [41]. Even though the best outcomes
with allo-HCT are seen in chemo-sensitive MCL, prolonged remissions seem to
be possible even among patients with positive PET CT scan pre-HCT [42] and
also in some patients with chemo-refractory MCL. In a CIBMTR study of 202
patients with chemotherapy-unresponsive MCL, patients were still able to have
durable responses with 3-year PFS and OS rates of 25% and 30%, respectively,
and there was no difference after myeloablative or RIC conditioning [34]. In
MCIL, allo-HCT is currently to be considered for selected younger patients with
high-risk MCL (particularly those with mutated TP53) but otherwise is pre-
ferred to be reserved for patients who do not have access or fail CAR-T cell
therapy given the decreased TRM associated with CAR-T cell therapy. However,
there is an unmet need to explore in-depth the risk factors that predict early
progression after CAR-T cell therapy as a substantial proportion of these pa-
tients may eventually benefit from allo-HCT. Earlier involvement of transplant
clinicians in the management of these high-risk patients is recommended.

CAR-T and MCL
-]

Following the results of the multicenter prospective phase II clinical trial
(ZUMA-2), demonstrating its safety and impressive efficacy, the FDA approved
the anti-CD19 CAR-T cell therapy (CD28 costimulatory domain),
brexucabtagene autoleucel (Tecartus), for R/R MCL. All the 68 patients treated
on the ZUMA-2 trial had received up to 5 therapies, including BTKi. The
objective response rate (PR or CR) on the sixty evaluable patients was an
impressive 93%, with 67% achieving CR. One-year PFS and OS were 61%
and 83%, respectively, with a remarkably low 1-year NRM of only 3%. A
recently reported follow-up of 17.5 months showed an ongoing durable re-
sponse in 48% of all efficacy-evaluable patients, and 70% of those who had CR
remained in CR [43]. Despite low TRM with CAR-T cell therapy, it is associated
with substantial unique toxicities; in the ZUMA-2 study, the rates of grade 3+
cytokine release syndrome (CRS) and immune effector cell-associated neuro-
toxicity syndrome (ICANS) were 15% and 31%, respectively, and there were
two grade 5 infections. Another promising CAR-T cell not approved yet for MCL
is lisocabtagene maraleucel (Liso-cel). Liso-cel is an anti-CD19 CAR-T cell
therapy with 4-1BB as costimulatory domain and is now approved for diffuse
large cell lymphoma. In the ongoing TRANSCEND NHLO001 study, 32 patients
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with R/R MCL received Liso-cel; ORR was 84% (CR, 59%). Liso-cel seems to be
associated with slightly lower toxicity; grade 3+ CRS and neurotoxicity were
seen in only 3% and 12.5%, respectively [44]. These results seem to compare
favorably with historically published controls for allo-SCT where the 1-year PFS
and OS rates ranged from 31 to 50% and 33 to 75%, respectively, and with 1-
year NRM rates ranging from 18 to 43% [45]. However, longer follow-ups will
be needed in the CAR-T cell therapy cohorts to assess whether durable remis-
sions will be retained over time and for long-term safety data as well.

On the other hand, autologous CAR-T cell therapy has some limitations,
including production failure which can be partly related to the quality and/or
quantity of collected lymphocytes, particularly in patients who received multi-
ple prior lines of therapy [37] and patients who received bendamustine within 6
months of leukapheresis [46]. Time from identifying patient, obtaining insur-
ance approval, peripheral mononuclear cell collection, and to manufacturing
CAR-T cells can be a challenge. This process can take few weeks during which
many patients are at risk for further progression and decline in their clinical
condition. Allogeneic or “off-shelf” third-party CAR-T cells may potentially
overcome some of these challenges and are being explored in lymphoid and
non-lymphoid malignancies.

CAR-T cell and HR MCL

Given the recent approval of CAR-T cell in MCL in patients who failed CIT and
BTKi treatments, it is difficult to compare the results of the ZUMA-2 trial to
those of other available treatment options. ZUMA-2 included high-risk patients,
with 25% having blastoid morphology, 47% having Ki67 >50%, and 17%
having TP53 alteration, and all patients failed two lines of therapies, including
BTK inhibitors. Interestingly, a subgroup analysis showed that these patients
with poor prognostic features seemed to benefit from CAR-T cell as well. All the
six patients with R/R MCL patients with known aberrant TP53 in ZUMA-2
achieved CR with CAR-T cell therapy. Also, in a separate analysis, patients with
early relapse after diagnosis (within 24 months) had similar response rates and
safety to patients with progression after 24 months from diagnosis; however,
the median PES was shorter (11 vs. 29 months) [47].

The pivotal trial results may or may not apply to the general population
in clinical practice. The US Lymphoma Consortium (14 academic centers)
conducted a large retrospective study [48] for 95 patients with MCL who
received brexu-cel on a commercial basis and was able to show comparable
efficacy and safety despite the fact 78% of those patients would not meet the
inclusion criteria on ZUMA-2 for various reasons including worse perfor-
mance status, cytopenia, organ dysfunctions, and liver or renal dysfunction,
and 7% had CNS involvement. Also, this study had HR patients, with 41%
of patients having blastoid or pleomorphic variants versus only 25% in the
ZUMA-2, 44% had TP53 mutations or alterations compared to 17% on the
ZUMA-2. In a real-world experience study, the overall response rate (ORR)
was 89%, with 81% complete remission (CR). BTK-naive patients (n=17)
had an excellent response rate with CR of 88% vs. 79% in patients who had
BTKi. Given the encouraging outcomes in R/R MCL who failed BTK and the
poor response in HR MCL with BTKi [9], ZUMA-2 cohort 3 is now enrolling
BTK-naive patients.
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Conclusion

As a summary, we encourage participation in clinical trials as much as possible
when available. Outside of a clinical trial, most patients with MCL currently still
receive CIT in first line (followed by consolidation with auto-HCT in CR1 for
select patients), BTKi in second line, and CAR-T in third line. Allo-HCT remains
an option for a select group of patients; nevertheless, our clinical practice has
transitioned to novel agents and cellular therapies when appropriate.
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