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Key Points

• Patients with blastoid
and pleomorphic
variant MCL have
suboptimal outcomes.

• Receipt of auto-HCT,
MIPI score, and
complete response to
induction were
associated with PFS;
auto-HCT was not
associated with OS.
M
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Mantle cell lymphoma (MCL) is a B-cell non-Hodgkin lymphoma; data indicate that blastoid and

pleomorphic variants have a poor prognosis. We report characteristics and outcomes of

patients with blastoid/pleomorphic variants of MCL. We retrospectively studied adults with

newly diagnosed MCL treated from 2000 to 2015. Primary objectives were to describe

progression-free survival (PFS) and overall survival (OS). Secondary objectives included

characterization of patient characteristics and treatments. Of the 1029 patients with MCL

studied, a total of 207 neoplasms were blastoid or pleomorphic variants. Median follow-up

period was 82 months (range, 0.1-174 months); median PFS was 38 months (95% confidence

interval [CI], 28-66) and OS was 68 months (95% CI, 45-96). Factors associated with PFS were

receipt of consolidative autologous hematopoietic transplantation (auto-HCT; hazard ratio [HR],

0.52; 95% CI, 0.31-0.80; P < .05), MCL International Prognostic Index (MIPI) intermediate (HR,

2.3; 95% CI, 1.2-4.3; P < .02) and high (HR, 3.8; 95% CI, 2.0-7.4; P < .01) scores, and complete

response to induction (HR, 0.29 (95% CI, 0.17-0.51). Receipt of auto-HCT was not associated with

OS (HR, 0.69; 95% CI, 0.41-1.16; P = .16) but was associated with MIPI intermediate (HR, 5.7;

95% CI, 2.5-13.2; P < .01) and high (HR, 10.8; 95% CI, 4.7-24.9; P < .01) scores. We report

outcomes in a large cohort of patients with blastoid/pleomorphic variant MCL. For eligible

patients, receipt of auto-HCT after induction was associated with improved PFS but not OS.

Higher MIPI score and auto-HCT ineligibility were associated with worse survival.
ptember 2023; prepublished online on
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Introduction

Mantle cell lymphoma (MCL) accounts for ~3% to 10% of all non-
Hodgkin lymphomas.1-4 It is characterized by the
t(11,14)(q13;q32)/CCND1:IGH translocation leading to over-
expression of cyclin D1.5-8 Several morphologic variants of MCL,
including small cell, diffuse, blastoid, and pleomorphic, have been
identified.9-11 The blastoid and pleomorphic variants compose
10% to 20% of all MCLs and are morphologically characterized,
respectively, by immature cells resembling lymphoblasts and by
large pleomorphic cells with prominent nucleoli, irregular nuclear
contours, and mitotic figures.12,13 The clinical behavior of these
variants is distinct, likely influenced by a different genetic and
mutational profile such as TP53 mutations, complex karyotype, and
abnormalities in chromosomes 3, 8, 13, 17, and 18.14-16

The optimal treatment of patients with MCL remains controversial,
with no standard of care induction strategy. Historically, blastoid/
pleomorphic variants have largely been treated similarly to non-
blastoid/pleomorphic MCL. Patients can be offered a wide range of
therapies, from observation to bendamustine-based therapy and
intensive chemoimmunotherapy using high-dose cytarabine.17

Many young patients are offered consolidative autologous
hematopoietic cell transplantation (auto-HCT) in first remission18

based on a single randomized trial of younger patients with MCL
that demonstrated improved progression-free survival (PFS) with
HCT consolidation over maintenance interferon alpha.19 Limited
retrospective series suggest that allogeneic HCT (allo-HCT) may
be associated with long-term disease control in patients with
blastoid/pleomorphic variants of MCL.13 Herein, we sought to
describe characteristics, treatment pattern, and outcomes of
patients with blastoid/pleomorphic variant MCL treated in the
modern era in a large retrospective cohort.

Methods

Patients

Twenty-five North American centers retrospectively identified
patients with newly diagnosed blastoid/pleomorphic variant MCL
who were treated between 2000 and 2015. A subset of the cohort
was previously reported as part of a larger cohort of patients aged
≤65 years, newly diagnosed with MCL, and deemed transplant
eligible at diagnosis by the institutional investigator, as previously
described.20 From that original cohort, we limited the present
analysis to patients with the diagnosis of blastoid/pleomorphic
MCL as determined by a hematopathologist at each institution as
per routine clinical practice. We subsequently added a cohort of
patients from the same institutions with blastoid/pleomorphic
morphology who had been excluded from the original analysis
because they were aged >65 years or ineligible for transplantation
based on age or comorbidities. Patients who underwent HCT
within 6 months after induction were classified as having received
HCT as consolidation. The protocol was approved by the institu-
tional review board of each participating center.

Data collection

Data collected for each patient included the following baseline
characteristics: age, sex, stage, peripheral blood or bone marrow
involvement, number of extranodal sites, Eastern Cooperative
7394 GERSON et al
Oncology Group performance status, presence of B symptoms,
serum lactate dehydrogenase at diagnosis, histologic subtype (ie,
blastoid/pleomorphic variant), cytogenetics, cyclin D1 protein
expression, and Ki67 percentage. MCL International Prognostic
Index (MIPI) scores were calculated for each patient with sufficient
data as per Hoster et al.21 If a range was provided for Ki67, the
highest value was used; values were rounded to the nearest 10%.
Treatment data collected included induction regimen (defined as
cyclophosphamide, doxorubicin, vincristine, and prednisone–like
[CHOP-like]; intensive [eg, hyperfractionated cyclophosphamide,
vincristine, doxorubicin, and dexamethasone (hyperCVAD)]; maxi-
CHOP (cyclophosphamide, doxorubicin, vincristine, and predni-
sone); dexamethasone, high-dose cytarabine, and cisplatin [DHAP]
based; bendamustine based; or novel [lenalidomide, ibrutinib, or
bortezomib containing]), receipt of an anti–CD-20 antibody with
induction, response to induction, and receipt of maintenance ther-
apy. Response to induction therapy was determined by the local
investigators based on respective institutional practices. In addition,
data regarding HCT were collected, including receipt of con-
solidative HCT, time from initiation of treatment to transplantation,
and reason for no transplantation if not received (investigator pref-
erence, patient preference, other reason, or unknown). Finally, data
on date of last follow-up, occurrence and date of progression, cause
of death (if deceased), and development of treatment-related mye-
lodysplastic syndrome or acute myeloid leukemia were collected.

Statistical analysis

In order to account for different practice patterns, we divided the
cohort into 4 separate groups mainly based on age and transplant
eligibility: patients deemed by the local investigator to be eligible for
transplantation who received auto-HCT in first remission, eligible
for transplantation who received allo-HCT in first remission, eligible
for transplantation who did not receive transplantation, and ineli-
gible for transplantation because of comorbidities or age >70
years. We sought to characterize survival outcomes for patients
with blastoid/pleomorphic MCL for the entire group and in each
group separately, using descriptive statistics. We then compared
patient, tumor, and treatment factors between the different groups
using χ2, Fisher exact (with P values computed by simulation), and
Wilcoxon rank-sum tests, as appropriate. Survival outcomes were
estimated using the Kaplan-Meier method, which used a landmark
survival analysis that was restricted to patients surviving
>6 months. Cox proportional hazard models were used to analyze
the association of HCT consolidation with survival after adjusting
for confounders (MIPI, induction regimen, response to induction
[complete response vs partial response], and Eastern Cooperative
Oncology Group performance status) in the subset of eligible
patients. Because of the differential time points of receiving HCT,
this was included in the Cox model as a time-varying covariate.22

Results

Patients and disease characteristics

In total, 207 patients with blastoid or pleomorphic variant MCL
were included in this analysis (Figure 1). Baseline characteristics
are reported in Table 1. Median age at diagnosis was 58 years
(range, 33-88 years). Most patients, 163 (79%), were men. Ki67
was reported in 113 patients (54%), with a median of 70% (20%-
100%). MIPI score was reported for 158 patients and was low for
26 DECEMBER 2023 • VOLUME 7, NUMBER 24
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Figure 1. CONSORT diagram.

Table 1. Patient baseline characteristics

Entire patient

cohort

Transplant

eligible and received

auto-HCT

Transplant

eligible and

received allo-HCT

Transplant

eligible but did not

receive transplant

Transplant

ineligible because

of comorbidities or age P value

N 207 (100%) 86 (42%) 12 (6%) 63 (22%) 46 (30%)

Age (y) at diagnosis, median (range) 58 (33-88) 57 (33-69) 54 (36-64) 58 (41-69) 62 (37-88) <.001

Ki67, median, % (range) 70 (0-100) 67 (0-100) 60 (10-90) 75 (20-100) 70 (10-100) .53

MIPI score

MIPI low, n (%) 68 (32) 33 (38) 7 (58) 19 (30) 9 (20) <.001

MIPI intermediate, n (%) 38 (18) 23 (27) 1 (9) 8 (13) 6 (13) <.001

MIPI high, n (%) 51 (25) 12 (14) 2 (16) 16 (25) 21 (46) <.001

MIPI missing data, n (%) 51 (24) 18 (21) 2 (17) 20 (31) 10 (22) <.001

Male sex, n (%) 163 (79) 73 (85) 9 (75) 48 (76) 33 (72) .30

TP53 abnormalities 13 (7.8) 5 (6.8) 2 (22) 2 (4.1) 4 (11.4) .17

Stage IV, n (%) 173 (84) 76 (88) 10 (83) 49 (80) 38 (83) .80

Treatment characteristics

CHOP induction, n (%) 75 (36) 23 (27) 3 (25) 22 (35) 27 (60) .003

Intensive induction*, n (%) 113 (55) 60 (70) 8 (67) 33 (52) 12 (27) .003

Bendamustine induction, n (%) 16 (8) 3 (3) 1 (8) 7 (11) 5 (11) .003

Cytarabine-containing induction, n (%) 110 (53) 61 (71) 7 (58) 31 (49) 11 (24) <.001

Rituximab-containing induction, n (%) 186 (89) 79 (92) 11 (92) 59 (94) 37 (82) .22

Rituximab maintenance
after induction, n (%)

184 (88) 81 (94) 12 (100) 54 (86) 37 (80) .72

Response to induction

CR as best response, n (%) 140 (69) 73 (85) 7 (58) 45 (71) 15 (35) .001

PR as best response, n (%) 38 (19) 13 (15) 5 (42) 17 (27) 3 (7) .001

SD or PD as best response, n (%) 25 (12) 1 (1) 0 (0) 0 (0) 24 (56) .001

auto-HCT, autologous hematopoietic cell transplantation; CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease.
*Intensive induction refers to hyperCVAD-, maxi-CHOP–, or DHAP-based inductions.
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Table 2. Survival for patients surviving 6 months from the start of induction therapy

Entire patient

cohort,

N = 207

Transplantation

eligible, received

auto-HCT, n = 86

Transplantation

eligible, received

allo-HCT, n = 12

Transplantation

eligible, did not receive

transplantation, n = 63

Transplantation

ineligible because

of comorbidities or

age of >70 years,

n = 46 P value

Median PFS, mo (95% CI) 38 (28-66) 46 (36-86) 26 (23-NR) 24 (16-38) 18 (8-NR) <.01

Median OS, mo (95% CI) 68 (45-96) 108 (75-NR) 31 (16-NR) 85 (40-108) 21 (16-64) <.01

Auto-HCT, autologous hematopoietic cell transplantation; NR, not reached.
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68 patients (43%), medium for 38 (24%), and high for 52 (33%)
patients. Overall, 174 patients (84%) had stage IV disease at
diagnosis. TP53 abnormalities were detected in 13 patients (8%)
patients, and data were missing for 41 patients (20%). Induction
therapy was CHOP for 75 patients (36%), intensive (hyperCVAD,
DHAP-based, or Nordic regimen) for 113 (55%), and bendamus-
tine for 16 (8%); cytarabine was included in induction for 110
patients (53%), and rituximab for 184 patients (89%). Best
response to induction was complete response in 140 patients
(69%), partial response in 38 (19%), and stable disease or pro-
gression in 9 (4%). At a median follow-up of 82 months (range, 0.1-
174 months), the median PFS was 38 months (95% confidence
interval [95% CI], 28-66), and overall survival (OS) was 68 months
(95% CI, 45-96). Out of 207 patients, 76 died; 5 because of
treatment-related mortality and 19 of other causes. In total, 131
patients were alive at last follow-up.
0.00

0

Number at risk

24 48 72 96

Months

Months

120 144 16

12 4 2 1 1 1 0 0

58 29 12 7 3 1 1 1

85 58 32 18 8 4 1 0

27 9 7 5 4 2 0 0

auto-HCT

no-HCT (inelig)

no HCT (elg)

allo-HCT

0 24 48 72 96 120 144 16

0.25

0.50

0.75

Su
rv

iva
l p

ro
ba

bil
ity

St
ra

ta

1.00

Progression-free survival (6 month landma

Strata
allo

no

no

au

7396 GERSON et al

f

Comparison between groups

Patients were then divided into 4 groups; 42% (86 patients) were
deemed by the local investigator to be eligible for transplantation
and received auto-HCT in first remission; 6% (12 patients) were
transplant eligible and received allo-HCT in first remission, 63
patients (30%) were transplant eligible but did not receive
transplant, and 46 patients (22%) were transplant ineligible
because of comorbidities or age >70 years. Patient baseline
characteristics for each group are included in Table 1; differences
between groups were statistically significant on univariate analysis
for age at diagnosis, MIPI, induction regimen, cytarabine-
containing induction, and best response to induction. On unad-
justed landmark analysis for patients surviving at least 6 months
after start of induction therapy, the median PFS for these 4
groups was 46, 26, 24, and 18 months, respectively (P < .008;
Table 2; Figure 2). Median OS for the groups was 108, 31, 85,
8 192

0

0

0

0

8 192

rk)

-HCT

 HCT (elg)

 HCT (inelig)

to-HCT

Figure 2. PFS for each group. auto-HCT, autologous

hematopoietic cell transplant. elg, eligible; inelig, ineligible.
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and 21 months, respectively (P < .001; Table 2; Figure 3). When
analyzing the entire cohort, on multivariate analysis, the 2 factors
associated with improved PFS were receipt of HCT (hazard ratio
[HR], 0.52; 95% CI, 0.31-0.80; P < .01) and complete response
to induction therapy (HR, 0.29; 95% CI, 0.17-0.51; P < .01),
whereas MIPI score intermediate (HR, 2.3; 95% CI, 1.2-4.3; P <
.02), and MIPI score high (HR, 3.8; 95% CI, 2.0-7.4; P < .01) had
worse PFS compared with MIPI score low. Factors associated
with OS were MIPI intermediate score (HR, 5.7; 95% CI, 2.5-
13.2; P < .01), MIPI high score (HR, 10.8; 95% CI, 4.7-24.9; P <
.01), MIPI unknown (HR, 5.2; 95% CI, 2.4-11.6; P < .01), and
complete response to induction (HR, 0.44; 95% CI, 0.23-0.86;
P < .02). To evaluate for any difference in the receipt of rituximab
with induction, a sensitivity analysis was performed, excluding the
~10% of patients who did not receive rituximab (R), with nearly
identical results (supplemental Table 1). Induction chemotherapy,
Ki-67, and R-maintenance were not associated with PFS and OS.
Because of the very small number of patients with information on
del17p and/or TP53 mutation, we did not perform a statistical
analysis to assess the impact of these well-established, poor risk
factors on outcomes.

Discussion

We report patient characteristics and outcomes of 207 patients
with blastoid and pleomorphic variant MCL. To our knowledge, this
is the largest reported cohort of patients with these variants of
MCL treated in North America in the rituximab era. Survival for
these patients at high risk was, as previously shown,20 lower than
26 DECEMBER 2023 • VOLUME 7, NUMBER 24
for patients with nonblastoid/pleomorphic MCL, with a median PFS
of only 38 months and median OS of 68 months. Patients in our
cohort who were not eligible for transplant because of comorbid-
ities had the worst outcomes.

Smaller retrospective cohort studies have previously suggested
inferior outcome for patients with blastoid/pleomorphic variant
MCL. Our study, to our knowledge, provides the largest series, to
date, of outcome for these morphologic variants and is in line with
the existing data. We similarly showed an inferior outcome for
patients with these high-risk variants of MCL.

There is a high variability in the clinical outcomes of MCL23; how-
ever, as demonstrated by small case series, blastoid and pleo-
morphic variants generally are associated with an aggressive
clinical course and a particularly poor prognosis.24-26 These vari-
ants are associated with high Ki-67 expression and higher fre-
quencies of TP53 mutations and CDKN2A/p16 deletions.16 In our
series, a high percentage of missing data regarding TP53 muta-
tional status limits determination of the impact of this alteration on
outcome. Nevertheless, of the patients with available data, less
than 10% had chromosome 17p deletions.

The majority (88%) of patients in this cohort received maintenance
rituximab. Interestingly, in contrast to the extensive literature
demonstrating a survival advantage when using maintenance rit-
uximab in MCL,27-29 this factor was not associated with outcome in
this cohort.

The major strength of this report is the large size of the cohort for
this uncommon subset of a rare disease, with >200 patients having
OUTCOME OF BLASTOID/PLEOMORPHIC MCL 7397
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blastoid/pleomorphic variants. Although rituximab was approved in
1997, not all patients (9%) received an anti-CD20 antibody with
induction. Nevertheless, a sensitivity analysis excluding patients
who did not receive rituximab did not show significant differences
in our results, confirming that this population was treated with
therapies considered appropriate in the modern therapy era. There
are numerous limitations inherent to an observational retrospective
study design. First, the lack of central pathology review and high
interrater variability in the diagnosis of these uncommon cancers
limit confidence that these cases were accurately classified.
Similarly, other true cases of blastoid or pleomorphic variant MCL
might have been missed. During data collection, we grouped
blastoid and pleomorphic variants together, with no difference in
outcome between the 2. Second, the retrospective nature of the
study allowed for inherent selection bias that might have informed
the treatment decisions, including the decision for undergoing
HCT. Although auto-HCT after induction for patients with blastoid/
pleomorphic variants of MCL was associated with improved out-
comes on multivariant analysis, the analysis was unadjusted and
not propensity weighted. On multivariable analysis, we described
similarly improved PFS and OS for patients with MCL who were
eligible for transplantation, with only a PFS benefit remaining after
propensity-score weighted analysis. Third, there was a high rate of
missing data, most importantly TP53 mutation status, making it
difficult to determine whether the inferior outcome was driven by
this factor rather than pathologic morphology alone. Fourth, very
few patients underwent allo-HCT, which limits any interpretation of
outcome after this therapy. Lastly, although we categorized the
reason for determining transplant ineligibility (supplemental
Table 2), an investigator’s decision is inherently biased and
cannot be fully accounted for.

In summary, we describe a large cohort of patients with blastoid/
pleomorphic variant MCL treated in the rituximab era and
establish their suboptimal outcomes. For transplant-eligible
patients, multivariable analysis suggests that the use of con-
solidative autologous HCT after induction was associated with
improved PFS, although this might have been confounded by a
selection bias. In our analysis, very few patients received upfront
treatment that included biological agents. Increasing data sug-
gest improved outcomes in high-risk MCL by the addition of
Bruton tyrosine kinase (BTK) inhibitors, such as ibrutinib,30

acalabrutinib,31 and zanubrutinib,32,33 in both the frontline
(most notably the recently reported SHINE trial34) and the
relapsed setting, which may be particularly relevant for patients
with TP53 aberrations and blastoid/pleomorphic variants of MCL.
The combination of a BTK inhibitor with the B-cell lymphoma 2
protein inhibitor venetoclax with or without an anti CD20 mono-
clonal antibody35,36 has also shown significant promise, even for
patients with TP53 aberrations. Two very novel therapies that
were not available to the patients included in our study outside of
clinical trials are pirtobrutinib, a highly selected, reversible BTK
inhibitor,37 and CD19-directed chimeric antigen receptor T-cell
therapy (specifically brexucabtagene autoleucel). Although only a
small number of patients with blastoid MCL (31%) were included
in the pivotal trial of brexucabtagene autoleucel, subgroup anal-
ysis suggests its activity in blastoid and pleomorphic variant
MCL.38 Cellular and noncytotoxic therapies, such as targeted
biological agents and bispecific antibodies, may prove to be
agnostic to histologic variant and TP53 mutational status and
7398 GERSON et al
may become a preferred treatment modality, as evidenced by the
recently presented TRIANGLE study data.39 Although the treat-
ment approaches used in our patient population will, most likely,
become outdated soon, our results provide a benchmark that can
be used to contrast outcomes with noncytotoxic and more tar-
geted therapies.
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