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Blastoid mantle cell ymphoma is characterized by highly
aggressive features and a dismal clinical course. These
blastoid and pleomorphic variants are defined by cyto-
morphological features, but the criteria are somewhat
subjective. The diagnosis may be supported by a high cell
proliferation based on the Ki-67 labeling index. Recent
analyses have shown that the Ki-67 index overrules
the prognostic information derived from the cytology
subtypes. Nevertheless, genetic analysis suggests
that blastoid and pleomorphic variants are distinct from
classical mantle cell lymphoma. In clinical cohorts, the
frequency of these subsets varies widely but probably
represents ~10% of all cases. Chemotherapy regimens
commonly used in mantle cell lymphoma, such as bend-
amustine, rarely achieve prolonged remissions when
given at the dosage developed for classical variants of

the disease. Thus, high-dose cytarabine—containing reg-
imens with high-dose consolidation may be generally
recommended based on the more aggressive clinical
course in these patients. However, even with these in-
tensified regimens, the long-term outcome seems to be
impaired. Thus, especially in this patient subset, alloge-
neic transplantation may be discussed at an early time
point in disease management. Accordingly, targeted
approaches are warranted in these patients, but clinical
data are scarce. lbrutinib treatment results in high rates
of responses, but the median duration of remission is
<6 months. Similarly, lenalidomide and temsirolimus re-
sult in only short-term remissions. Novel approaches,
such as chimeric antigenic receptor T cells, may have the
potential to finally improve the dismal long-term out-
come of these patients. (Blood. 2018;132(26):2722-2729)

The histological concept of blastoid MCL

The term “blastoid mantle cell lymphoma” (MCL) describes
a morphological subgroup of lymphomas with blastic features.
Two commonly distinguished cytological variants share blastic
morphology and high proliferation, the pleomorphic and blas-
toid variants.” The lymphoma cells in the pleomorphic variant
are larger than in conventional MCL. Their nuclear shape
and chromatic structure resemble diffuse large B-cell lymphoma
to some extent (Figure 1). The blastic variant morphologically
resembles lymphoblasts found in lymphoblastic lymphoma/
leukemia, with roundish nuclei, a narrow rim of cytoplasm, and
finely dispersed chromatin (Figure 1).

Common to the pleomorphic and blastic variants is the high
proliferation index and the unfavorable outcome.? However,
the World Health Organization (WHO) classification suggests
distinguishing the 2 variants.® The definition is based on
the morphology only. Accordingly, exclusive detection of high
proliferation, as defined by the Ki-67 index, is not sufficient to
classify as the blastoid or pleomorphic subtype, because clas-
sical MCL might also show high cell proliferation.** However, the
proliferation index certainly influences a pathologist’s decision
to assign a cytology subtype to a lymphoma. This might explain,
atleast in part, the variability in the frequency of the blastoid and
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pleomorphic subtypes, which are reported to range from
10%?° to >20%?2 of all MCL. Another feature that might explain
differences in the frequencies of the blastoid and pleomorphic
subtypes is the lack of guidelines on how to classify MCL that
harbors lymphoma cells with a blastoid and classical cytology.”
We recommend reporting the cytology features and classifying
these lymphomas as the blastoid or pleomorphic subtype.

Histological features

Blastoid morphology is predominantly a feature of MCL at first
diagnosis®; however, in a subset of MCL, the morphology might
switch from classical to blastoid during the course of the
disease.®? An inverse pattern of evolution may even be ob-
served in rare cases.” However, studies analyzing sequential
biopsies in MCL are exceedingly rare, and the true incidence of
transformation remains uncertain.? Blastoid morphology is
associated with certain histological and immunophenotypical
features. These features are only variably associated with the
cytology subtype and do not substitute the cytological as-
sessment. The growth pattern of blastoid variants is usually
diffuse, less frequently is nodular, and rarely exhibits a mantle
zone pattern. An “in situ” pattern of blastoid MCL has not been
observed.
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Figure 1. Cytology of mantle cell ymphoma classical (A), pleomorphic (B), and
blastoid (C) MCL (original magnification x 1000, hematoxylin and eosin stain).

Immunophenotypic variability has been reported for blastoid
MCL. Lack of expression of CD5 seems to occur more frequently
than in classical subtypes.’® CD20 and Cyclin D1 seem to almost
always be positive. Blastoid morphology is associated with
a high proliferation, as measured by the Ki-67 index (see “Clinical
presentation and prognostic significance”).’

TP53 protein overexpression, as detected by immunohisto-
chemistry, seems to correlate well with the mutational status
of the gene, whereas homozygous deletions of the locus are
rarely detected in cases with no'! protein expression. Interest-
ingly, TP53 overexpression, detected by immunohistochemistry
and indicating genomic mutations, represents a much more
dominant prognostic factor than genomic deletions only.2'3

Blastoid MCLs are characterized by a high level of c-MYC ex-
pression, despite the fact that c-myc translocations are rare.'

BLASTOID MANTLE CELL LYMPHOMA

Nevertheless c-myc amplifications have been reported to oc-
cur frequently in blastoid MCL,' and translocations of MYC
have been reported in this subtype of MCL."® Studies analyzing
the microenvironment of blastoid MCL are rare; however, the
presence of blastoid histology seems to be associated with
a reduced number (W.K., unpublished observations) and a more
diffuse pattern of follicular dendritic cells within the tumor
tissue."”

Genetic alterations

It is important to note that pathognomonic genetic alterations
that exclusively characterize blastoid variants, but are absent
in classical MCL, have not been described. In fact, most mo-
lecular features are enriched among blastoid MCL but may also
be detected in highly proliferative classical MCL. Genomic
alterations found in blastoid variants might even precede the
“transformation” from a classical to a blastoid variant.'®
Like most MCLs, blastoid variants harbor the translocation
(11;14)(q13;932) and consequently overexpress cyclin D1 messen-
ger RNA and protein. The level of cyclin DT RNAin MCL is higher
when the 3’-untranslated region is deleted, a feature that is
frequently found in blastoid variants of MCL.""?° The blastoid
variants show a level of chromosomal aberrations that even
exceeds the high levels found in classical MCL.2" The pathways
affected by the chromosomal gains and losses predominantly
affect mechanisms of cell cycle control. Frequent secondary
genomic alterations are deletions and losses of p16™<2 and
p21"41 genes,?22 as well as mutations of ATM and TP53."" As
a consequence, high levels of TP53 protein expression are
detectable in a subset of blastoid MCL (see above).'" In fact,
alterations in TP53 seem to be the chromosomal aberration that
is most closely correlated, although not exclusively associated,
with blastoid morphology.’® Systematic genomic analysis of
MCL also revealed several recurrently mutated genes, including
drivers of the cell cycle, such as ATM, cyclin D1, TP53, anti-
apoptotic protein BIRC3 and Toll-like receptor, ubiquitin ligase
UBR5, and chromatin modifiers (WHSC1, MLL2, MEF2B).242>
Among these genes, recurrently mutated Notch1 and Notch2
have been reported to be enriched among patients with blastoid
morphology.?>2¢ Based on pathological observations and genetic
studies, a model of MCL pathogenesis and progression toward
blastoid variants has been suggested. This model assumes that
increasing genetic alterations are leading to the loss of cell cycle
control, the higher proliferation rate, and blastoid features.?’
However, it has to be noted that blastoid features are frequently
seen at initial presentation in some patients, whereas other cases
remain morphologically stable classical MCL throughout the
course of the disease.”?%2? Most of the genetic alterations de-
scribed seem to occur in blastoid and pleomorphic MCL. It remains
uncertain which features might be unique to either subtype;
however, pleomorphic variants have been shown to be more
frequently tetraploid MCL than blastoid MCL.*°

Clinical presentation and
prognostic significance

The clinical presentation of blastoid disease resembles that
of classical MCL, although systematic comparisons are scarce.
Thus, the disease predominantly affects male patients who are
diagnosed with advanced stage disease in their sixth decade of
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life, and some analyses report a slightly younger age than for
classical MCL.3'#2 Although initially suggested as a poor
prognostic marker, predominant gastrointestinal involvement
usually represents a low-proliferation more-indolent type of
MCL. Clinically, a more aggressive clinical course of the blastoid
variant may be observed based on the high cell proliferation of
the malignant cells. A large analysis of the trials of the European
MCL Network confirmed that the Ki-67 index overrides the
prognostic significance of the cytology subtype in multivariate
analyses.® In addition, assessing TP53 protein expression and/or
mutational analysis has become a promising prognostic tool.?433
Thus, the value of cytology subtypes as prognostic subgroups of
MCL has become less important. Nevertheless, we still consider
the assessment of the cytology subtypes as a standard parameter
to be assessed in any pathology report and clinical trial as an
auxiliary tool to identify patients at high risk for relapse and
progression.

Conventional chemotherapy

In historical series, blastoid morphology represents 1 of the
most prominent prognostic factors in MCL.” In the prerituximab
era, complete response (CR) rates for blastoid variants were
36%, with a median response duration of 11 months only after
conventional dosed chemotherapy (mostly CVP [cyclophospha-
mide, vincristine, prednisone] or CHOP [cyclophosphamide,
doxorubicine, vincristine, prednisone]).?? Accordingly, the me-
dian overall survival (OS) was only 14.5 months in comparison
with 53 months in 154 patients with classical MCL. The addi-
tion of rituximab has improved response rates and time to
treatment failure (TTF) in a randomized trial and a meta-
analysis, but data on blastoid variants are not available.3#35
Similarly, rituximab maintenance prolongs progression-free
survival (PFS) after combined immunochemotherapy, but
blastoid cytology remains a poor prognostic factor (Figure 2;
Table 1).63¢

No major data set is available for bendamustine-based induc-
tions; however, based on personal experience, blastoid variants
are either refractory or tend to relapse rapidly after completion of
treatment, but they can be salvaged by cytarabine-containing
regimens. Therefore, an Italian study group has explored high-
dose cytarabine in combination with bendamustine and rituximab
in relapsed disease and as first-line treatment.3’*® Hemato-
logical toxicity (ie, thrombocytopenia) was major, with grade 3/
4 in 87% of patients. However, 0% of 40 patients responded
(CR, 83%). In contrast, at least in relapsed disease, the majority
of blastoid variants relapsed within 9 months in comparison
with almost 80% ongoing remissions in classical MCL. To
improve tolerability, especially in elderly patients, a reduced-dose
regimen has been explored as first-line treatment.3® Unfortu-
nately, in the majority of cases, the small subset of patients with
the blastoid variant (n = 6) relapsed within 1 year. Alternatively,
an alternating regimen displayed a more favorable toxicity
profile.3?

The European MCL Network is performing a randomized
trial investigating alternating rituximab + CHOP (R-CHOP)/
R-high-dose cytarabine induction. This trial will address the ef-
ficacy of high-dose cytarabine in elderly patients with blastoid
morphology.
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Dose-intensified cytarabine-containing
regimens

Because of the poor prognosis, it seemed intuitive to introduce
dose-intensified concepts, especially in this patient subset.
Based on the observation that cytarabine-based regimens are
active in highly proliferative leukemias, various groups have
implemented such concepts.*®#¢ In fact, in a historical com-
parison of trials, the clinical outcome of blastoid MCL seems to
have benefited from the dose-intensive approaches, with or
without autologous transplantation (Table 1).

The MD Anderson group reported an impressive 97% overall
response (87% CR) with the hyper-CVAD (cyclophosphamide,
vincristine, doxorubicine, dexamethasone) regimen plus ritux-
imab in 97 patients with MCL.%° The 14 patients with the blastoid
variant achieved a median TTF of 6.8 years, but this slightly
inferior outcome was not significant in a multivariate analysis
including the MCL international prognostic index (MIPI) and
B2-microglobulin. In a historical comparison, a Scandinavian
group confirmed the benefit of cytarabine and rituximab-
containing induction, followed by autologous transplantation,
for all subtypes of MCL after a median follow-up of 11.4 years.#142
In a univariate analysis, blastoid histology resulted in an inferior OS
(51% vs 61%; P = .018), and a trend toward a shorter response
duration was observed (48% vs 57%; P = .055). In a multivariate
analysis, cytology was displaced by the closely associated, but
more reliably measured, cell proliferation (Ki-67 = 30%) for event-
free survival ([hazard ratio] HR, 2.32; P = .001) and OS (HR, 2.64;
P = .001). However, high-dose cytarabine alone is not able to
overcome the poor clinical course in high-risk cases. The Scan-
dinavian Nordic group had initiated a further dose-intensified
protocol (6 cycles of high-dose cytarabine 3 g/m? every
12 hours, days 1 and 2) in high-risk MCL primarily characterized by
high cell proliferation, but the study was stopped early because of
insufficient responses (4 failures in the 5 initial patients).*® Inter-
estingly, all 4 patients were salvaged by R-maxi-CHOP. A similar
observation has been reported for the French LyMa trial, sup-
porting the statement that anthracyclines may still add to the
efficacy of cytarabine-containing regimens in high-risk MCL.#

The CALGB has investigated a similar dose-intensified regi-
men.* Interestingly, this approach remained effective, even
after reducing the methotrexate dose significantly, from 3 g/m?
to 300 mg/m?, because of serious renal toxicity in 8 of the initial
20 patients. Therefore, given the potential toxicity of metho-
trexate, most current regimens avoid this drug. For patients with
blastoid MCL (n = 12), PFS was 56% and OS was 64% at 5 years.

Finally, in a randomized comparison of 497 MCL patients, the
addition of cytarabine led to a significant improvement in TTF in
the overall group (65% vs 40%; HR, 0.56; P = .038), and a similar
value was detected in the subset with Ki-67 = 30% (HR, 0.54);
however, the blastoid variants again performed significantly
worse than did classical MCL (5-year OS, 38% vs 75%; P = .0001;
Figure 2).4¢

In summary, the outcome of blastoid MCL seems to have im-
proved significantly with dose-intensified strategies in younger
patients (Table 1); however, the outcome of blastoid variants
remained significantly worse than that of classical MCL®
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Figure 2. Overall survival according to cytology (blastoid variant vs classical MCL). (A) MCL younger: younger patients (n = 325) received R-CHOP with or without R-DHAP
(rituximab, dexamethasone, high dose cytarabine, cisplatinum), followed by autologous stem cell transplantation. (B) MCL elderly: older patients (n = 295) were treated with R-
CHOP vs R-FC (rituximab, fludarabine, cyclophosphamide), followed by interferon/rituximab maintenance.

(Figure 2). Thus, in the event of an insufficient response, we
recommend moving quickly to alternative approaches (Figure 3).

CNS involvement

In various series, blastoid cytology predisposes for central
nervous system (CNS) involvement.*’ In a retrospective survey
by the European MCL Network, 57 of 1396 patients (4.1%) had
CNS involvement, including 0.9% at diagnosis.*® Blastoid var-
iants had a significantly higher rate of CNS involvement (28% vs
10%; P < .0001). Additional risk factors included B-symptoms,
increased serum lactate dehydrogenase, poor Eastern Cooperative
Oncology Group performance status, and high MIPI score. Simi-
larly, in a Japanese study, 33 of 608 MCL patients (5.4%) were
diagnosed with CNS involvement.*? Again, univariate risk factors
included blastoid variant (HR, 3.11; P = .0006) and leukemic
presentation, high MIPI score, and high cell proliferation (Ki-67). In
a multivariate analysis, Ki-67 = 30% remained the only in-
dependent risk factor (HR, 6.03; P = .003), probably substituting

BLASTOID MANTLE CELL LYMPHOMA

for blastoid histology due to the more reliable dichotomic dif-
ferentiation. Thus, CNS prophylaxis may be considered, espe-
cially in the blastoid variant of MCL, although data on the efficacy
of intrathecal prophylaxis or systemic treatment with metho-
trexate or high-dose cytarabine are inconclusive.-%0

Novel agents

With respect to the activity of novel agents in patients with blastoid-
variant MCL, the evidence is somewhat sparse. In general, trials
with novel agents are relatively small, and blastoid patients are not
specifically identified, or they are excluded as part of the trial
design. Despite this, the current literature gives a good impression
of the general activity in this challenging group of patients.

Ibrutinib

There is the greatest amount of available data for ibrutinib. In
the original phase 2 trial,>' 111 patients were included, of which
17 had blastoid histology. The overall response rate was 68%;
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Table 1. Selected first-line series of blastoid MCL

Blastoid MCL, OR (%)/
References n (% of total) Regimen CR (%) EFS/PFS Median OS
Conventional regimens
(retrospective)
Bernard et al*? 33 (100) Mostly CHOP, CVP n.a./36 13 mo (median) 14.5 mo
Bhatt et al®' 32 (19) CHOP (62%), hyper-CVAD (32%) 68/58 16% (5 y) 24% (5 y)
Robak et al¢* 34 (7; Ki-67 > 30%) R-CHOP n.a. 8.6 mo n.a.
VR-CAP 15.0 mo
Dose-intensified regimens
Chihara et al* 14 (14) R-hyper-CVAD, R-MTX, and Ara-C n.a./87 68y 43% (8 y)
Geisler and colleagues*'“2 31 (1 R-maxi-CHOP, alternating Ara-C, n.a./54 44% (10 y) 51% (10 y)
autologous SCT
Damon et al* 12 (15) R-maxi-CHOP, etoposide/Ara-C, n.a./69 56% (5'y) 64% (5'y)
autologous SCT
Hermine and colleagues®# 28 (9) R-CHOP with or without 81/23 18 mo (median) 32 mo (median)
alternating R-DHAP, autologous
SCT
Kluin-Nelemans®3¢ 62 (10) R-CHOP vs R-FC — IFN vs 81/23 19 mo (median) 29 mo (median)
rituximab maintenance

Ara-C, cytarabine; CVP, cyclophosphamide, vincristine, prednisone; EFS, event-free survival; Hyper-CVAD, cyclophosphamide, doxorubicine, dexamethasone; IFN, interferon; n.a., not
available; OR, overall response; R-DHAP, dexamethasone, high dose cytarabine, cisplatinum; R-FC, rituximab, fludarabine, cyclophosphamide; R-maxi-CHOP, rituximab, cyclophosphamide,
doxorubicine, vincristine, prednisone; R-Mtx, rituximab-methotrexate; SCT, stem cell transplantation.

however, in the subset analysis, the presence of the blastoid
variant did not appear to affect the outcomes. In a randomized
trial of ibrutinib vs temsirolimus,>? 12% of patients in both arms
had a blastoid histology. Within the trial, blastoid cytology was
identified as a significant poor prognostic factor (P < .05); no
obvious differences were observed between the 2 arms, but
numbers were very small. Outcomes of these patients could only
be reliably analyzed after data from 3 trials with single-agent
ibrutinib in MCL were pooled together.>® This analysis included
370 patients, of which 12% had blastoid MCL. When looking
specifically at the difference between this group and the non-
blastoid patients, the time to best response was similar (2.2 vs
2.1 months); however, the overall response rate was lower
(55% vs 72%), the duration of the response was shorter (8.6 vs
18.8 months), and PFS (5.1 vs 14.6 months) and OS (12.8 months
vs not reached) were inferior. Taken together, it appears that
responses are significantly worse in blastoid MCL, suggesting

that, although this agent is highly active in this context, it is likely
that different approaches, including combination therapies, may
be more appropriate.

The only published combination data including such patients
involves the use of ibrutinib with rituximab. In this small trial of
50 patients with relapsed MCL,** the responses and quality of
responses were improved over single-agent ibrutinib. Interest-
ingly, however, the overall response rate was different when
the proliferation fraction was considered. Of the patients with
Ki-67 < 50%, the response rate was 100%, in contrast to the
12 patients with Ki-67 > 50%, for whom the response rate was
only 50%, and 2 of the nonresponding patients were noted to
have blastoid histology. Therefore, although the addition of
rituximab generally improves responses in MCL, it does not

appear to be sufficient to overcome the poorer outcome seen

Younger patients (<65 years)

Cytarabine, rituximab
containing induction

good poor no
response response response
consider -
autologous . Ibrutinib or
SCT allosgce?em R2 salvage
Rituximab

maintenance

Elderly patients (>65 years)

Cytarabine, rituximab
containing induction

good
response

Rituximab
maintenance

Figure 3. Suggested therapeutic algorithm in high-risk MCL
(blastoid, Ki-67 > 30%, Tp53 mutation).
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with the more proliferative tumors, which largely represents those
with the blastoid histology.

A further piece of evidence suggesting that the blastoid patients
have inferior outcomes with ibrutinib comes from the 2 studies
that described the very poor outcomes in patients relapsing
following ibrutinib.>>%¢ These 2 articles describe the outcomes of
the first cohort of patients progressing under ibrutinib. In the
first,%® 32% of patients described had blastoid histology prior
to the initiation of therapy, which increased slightly (to 36%) at
relapse. This percentage is much higher than one would expect,
which reflects the fact that this group of patients relapsed early on
therapy and, therefore, were overrepresented in this early analysis.
In the second larger multicenter study of 114 patients,> 18 patients
were known to have blastoid histology; in addition, 72% of patients
with available data had Ki-67% = 30%. Although the outcomes
of these groups were not specifically analyzed, the patients have
far more proliferative disease than would be expected in a relapsed
refractory cohort, again suggesting that the earliest progressions on
this agent were observed in the more proliferative cases and likely
derived the shortest benefit from the drug.

In summary, although ibrutinib is extremely active as a single-
agent in the context of MCL, including patients with the blastoid
subtype, responses are generally inferior inpatients with the
more proliferative type of disease. Different strategies are likely
needed that probably should involve the addition of other agents,
including chemotherapy.

Lenalidomide

Lenalidomide is also widely used; however, in the 2 largest
studies, the pivotal MCL-001 (EMERGE) trial*” and the large
randomized trial of lenalidomide vs investigator choice (SPRINT),%®
there is no mention of the blastoid variant. The addition of rituximab
to lenalidomide has been widely applied in MCL; however, in the
relapse study® of 52 patients, there is no mention of the blastoid
variant, and, it is specifically stated that no such patients were in-
cluded in the front-line trial.®° In fact, it appears that the more pro-
liferative tumors tend to do worse with lenalidomide. A subsequent
analysis of EMERGE trial data evaluated outcomes with respect to
proliferation, as assessed by Ki-67 fraction.®’ Although response
rates were the same when a cutoff of 30% was applied, PFS (1.9 vs
4.5 months) and OS (9.7 and 28.4 months) were significantly worse
for those patients with a higher proliferative fraction. This was
slightly worse when a cutoff of 50% was applied for PFS (1.8 vs
4.5 months) and OS (7.4 vs 23.9 months). It seems likely that
any blastoid patients would be represented within these more
proliferative cohorts and, by inference, have a worse outcome. The
European MCL Network is performing a randomized trial in-
vestigating alternating R-CHOP/R-high-dose cytarabine in-
duction, followed by rituximab with or without lenalidomide
maintenance. This trial will address the efficacy of lenalidomide
maintenance in elderly patients with blastoid morphology.

Interestingly, a recently reported series of relapsed MCL sug-
gests that the combination of ibrutinib and lenalidomide may
overcome the negative prognostic impact of TP53 that is closely
correlated with blastoid MCL.®? Response rates (TP53™%, 89% vs
TP53widtyee  88%) and PFS after 6 months were comparable.
However, because of the small numbers and limited follow-up,
these data are only hypothesis generating so far.

BLASTOID MANTLE CELL LYMPHOMA

Bortezomib

The registration trials for bortezomib (as monotherapy?® or in
combination with a CHOP-like regimen®*) do not list the results
of blastoid patients. However, in a small number of patients
with high proliferation fraction, the addition of this agent pro-
longed the median PFS, with a similar HR as in the total study
population.

Temsirolimus

There are limited data for temsirolimus, as reported previously.>?
In 1 of the earliest publications, a small study of 28 patients included
4 patients with blastoid disease, none of whom responded.®®

Immunologic approaches

Approaches investigated in clinical trials include the application
of PD-1 inhibitors, bispecific antibodies, and chimeric antigen
receptor T cells. In general, published data for MCL are very
scarce. However, the potential curative approach of allogeneic
transplantation in blastoid variants supports the potential effi-
cacy of immunological strategies. In a small subset of 4 patients
with relapsed MCL, no response to nivolumab monotherapy has
been observed, but blastoid cytology has not been reported.®
In contrast, a CD5/cD19 T-cell-engaging bispecific antibody has
achieved objective responses in 5 of 7 patients with relapsed
MCL.*748 Single responses have also been reported for autol-
ogous chimeric antigen receptor T cells, in a very limited data
set, by various investigators.®?”"

In summary, limited data suggest that proliferation also remains
an important determinant of response with novel agents
when given by themselves or in combination with rituximab.
Because they are highly proliferative tumors by inference, this
would apply to the blastoid variants. As such, combination
approaches will need exploration in this group; therefore, this
specific patient cohort should not be excluded from new
trials.

Conclusions

With regard to diagnosis and therapeutic strategies, blastoid
MCL remains a challenge. In general, cases are identified by high
cell proliferation (Ki-67 = 30%) and numerous genetic alter-
ations; TP53 mutations, especially, seem to represent a critical
prognostic marker.

Based on the aggressive clinical course, a watch-and-wait strat-
egy is not recommend, even in cases with low tumor burden.
Instead, cytarabine-containing regimens, with or without au-
tologous stem cell consolidation, should be preferred but have
to be balanced against the expected therapy-associated toxicity.

Even with such an optimized therapeutic approach, blastoid
MCL displays an inferior long-term outcome. Thus, an allogeneic
approach may be discussed during the early course of the
disease (Figure 3). However, for the majority of (elderly) patients,
new strategies, including molecular approaches targeting the
B-cell receptor pathway or immunological approaches, are being
tested in clinical trials. Likewise, only combined approaches using
these therapeutic tools will be able to overcome the otherwise
dismal long-term prognosis for blastoid MCL.

€ blood® 27 DECEMBER 2018 | VOLUME 132, NUMBER 26 2727

20z aunr 10 uo 3senb Aq Jpd'z0G.€.P00I0/ L2897 /22 L2/92/ZE L/Pd-Bloie/poo|qAeu suoleDligndyse//:diy woly papeojumog



Authorship

Contribution: All authors participated in writing the article.

Conflict-of-interest disclosure: M.D. received (institutional) research
support from Celgene, Janssen, Mundipharma, and Roche and
honoraria for giving presentations and serving on the scientific ad-
visory boards for Bayer, Celgene, Gilead, Janssen, Mundipharma,
Roche, and Sandoz. W.K. has no competing financial interests. S.R.
received (institutional) research support from Janssen and honoraria
for serving on the scientific advisory boards for AstraZeneca, Cel-
gene, Celltrion, Gilead, Janssen, Napp, Pharmacyclics, Roche, and

Sunesis.

REFERENCES

1.

10.

Klapper W. Histopathology of mantle cell
lymphoma. Semin Hematol. 2011;48(3):
148-154.

Shrestha R, Bhatt VR, Guru Murthy GS,
Armitage JO. Clinicopathologic features and
management of blastoid variant of mantle cell
lymphoma. Leuk Lymphoma. 2015;56(10):
2759-2767.

Swerdlow SH, Campo E, Pileri SA, et al. The
2016 revision of the World Health Organiza-
tion classification of lymphoid neoplasms.
Blood. 2016;127(20):2375-2390.

Determann O, Hoster E, Ott G, etal; European
Mantle Cell Lymphoma Network and the
German Low Grade Lymphoma Study Group.
Ki-67 predicts outcome in advanced-stage
mantle cell lymphoma patients treated with
anti-CD20 immunochemotherapy: results
from randomized trials of the European MCL
Network and the German Low Grade Lym-
phoma Study Group. Blood. 2008;111(4):
2385-2387.

Klapper W, Hoster E, Determann O, et al;
European MCL Network. Ki-67 as a prognostic
marker in mantle cell lymphoma-consensus
guidelines of the pathology panel of the Eu-
ropean MCL Network. J Hematop. 2009;2(2):
103-111.

Hoster E, Rosenwald A, Berger F, et al.
Prognostic value of Ki-67 index, cytology, and
growth pattern in mantle-cell lymphoma:
results from randomized trials of the European
Mantle Cell Lymphoma Network. J Clin Oncol.
2016;34(12):1386-1394.

Tiemann M, Schrader C, Klapper W, et al;
European MCL Network. Histopathology, cell
proliferation indices and clinical outcome in
304 patients with mantle cell lymphoma
(MCL): a clinicopathological study from the
European MCL Network. BrJ Haematol. 2005;
131(1):29-38.

Pott C, Schrader C, Brliggemann M, et al.
Blastoid variant of mantle cell lymphoma: late
progression from classical mantle cell lym-
phoma and quantitation of minimal residual
disease. Eur J Haematol. 2005;74(4):353-358.

Vogt N, Klapper W. Variability in morphology
and cell proliferation in sequential biopsies of
mantle cell lymphoma at diagnosis and re-
lapse: clinical correlation and insights into
disease progression. Histopathology. 2013;
62(2):334-342.

Liu Z, Dong HY, Gorczyca W, et al. CD5~
mantle cell lymphoma. Am J Clin Pathol. 2002;
118(2):216-224.

20.

21.

22.

4117.

Footnote

.Hernandez L, Fest T, Cazorla M, et al. p53

gene mutations and protein overexpression
are associated with aggressive variants of
mantle cell lymphomas. Blood. 1996;87(8):
3351-3359.

. Stefancikova L, Moulis M, Fabian P, et al. Loss

of the p53 tumor suppressor activity is asso-
ciated with negative prognosis of mantle cell
lymphoma. Int J Oncol. 2010;36(3):699-706.

. Aukema SM, Hoster E, Rosenwald A, et al.

Expression of TP53 is associated with the
outcome of MCL independent of MIPI and
Ki-67 in trials of the European MCL Network.
Blood. 2018;131(4):417-420.

. Dai B, Grau M, Juilland M, et al. B-cell

receptor-driven MALT1 activity regulates
MYC signaling in mantle cell lymphoma.
Blood. 2017;129(3):333-346.

. Choe JY, Yun JY, Na HY, et al. MYC over-

expression correlates with MYC amplification
or translocation, and is associated with poor
prognosis in mantle cell lymphoma.
Histopathology. 2016;68(3):442-449.

. Hu Z, Medeiros LJ, Chen Z, et al. Mantle

cell lymphoma with MYC rearrangement:
a report of 17 patients. Am J Surg Pathol.
2017;41(2):216-224.

. Schrader C, Meusers P, Brittinger G, et al.

Growth pattern and distribution of follicular
dendiritic cells in mantle cell lymphoma:

a clinicopathological study of 96 patients.
Virchows Arch. 2006;448(2):151-159.

. Greiner TC, Moynihan MJ, Chan WC, et al.

p53 mutations in mantle cell lymphoma are
associated with variant cytology and predict
a poor prognosis. Blood. 1996;87(10):
4302-4310.

. Slotta-Huspenina J, Koch |, de Leval L, et al.

The impact of cyclin D1 mRNA isoforms,
morphology and p53 in mantle cell lym-
phoma: p53 alterations and blastoid mor-
phology are strong predictors of a high
proliferation index. Haematologica. 2012;
97(9):1422-1430.

Deshpande A, Pastore A, Deshpande AJ, etal.
3'UTR mediated regulation of the cyclin

D1 proto-oncogene. Cell Cycle. 2009;8(21):
3592-3600.

Sarkozy C, Terré C, Jardin F, et al. Complex
karyotype in mantle cell lymphoma is a strong
prognostic factor for the time to treatment and
overall survival, independent of the MCL in-
ternational prognostic index. Genes Chro-
mosomes Cancer. 2014;53(1):106-116.

Pinyol M, Hernandez L, Cazorla M, et al.
Deletions and loss of expression of p16INK4a

2728 & blood® 27 DECEMBER 2018 | VOLUME 132, NUMBER 26

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

ORCID profiles: M.D., 0000-0001-8937-6351; W.K., 0000-0001-7208-

Correspondence: Martin Dreyling, Department of Medicine lll, University
Hospital/LMU Munich, Marchioninistrasse 15, D-81377 Munich, Germany;
e-mail: martin.dreyling@med.uni-muenchen.de.

Submitted 10 August 2017; accepted 26 October 2018. Prepublished
online as Blood First Edition paper, 1 November 2018; DOI 10.1182/
blood-2017-08-737502.

and p21Waf1 genes are associated with ag-
gressive variants of mantle cell lymphoma as.
Blood. 1997;89(1):272-280.

Dreyling MH, Bullinger L, Ott G, et al.
Alterations of the cyclin D1/p16-pRB pathway
in mantle cell lymphoma. Cancer Res. 1997;
57(20):4608-4614.

Eskelund CW, Dahl C, Hansen JW, et al. TP53
mutations identify younger mantle cell lym-
phoma patients who do not benefit from in-
tensive chemoimmunotherapy. Blood. 2017;
130(17):1903-1910.

Kridel R, Meissner B, Rogic S, et al. Whole
transcriptome sequencing reveals recurrent
NOTCH1 mutations in mantle cell lymphoma.
Blood. 2012;119(9):1963-1971.

Bea S, Valdés-Mas R, Navarro A, et al.
Landscape of somatic mutations and clonal
evolution in mantle cell lymphoma. Proc Natl
Acad Sci USA. 2013;110(45):18250-18255.

Jares P, Colomer D, Campo E. Molecular
pathogenesis of mantle cell lymphoma. J Clin
Invest. 2012;122(10):3416-3423.

Swerdlow SH, Habeshaw JA, Murray LJ,
Dhaliwal HS, Lister TA, Stansfeld AG.
Centrocytic lymphoma: a distinct clinico-
pathologic and immunologic entity. A multi-
parameter study of 18 cases at diagnosis and
relapse. Am J Pathol. 1983;113(2):181-197.

Norton AJ, Matthews J, Pappa V, et al. Mantle
cell lymphoma: natural history defined in

a serially biopsied population over a 20-year
period. Ann Oncol. 1995;6(3):249-256.

Ott G, Kalla J, Ott MM, et al. Blastoid variants
of mantle cell lymphoma: frequent bcl-1
rearrangements at the major translocation
cluster region and tetraploid chromosome
clones. Blood. 1997;89(4):1421-1429.

Bhatt VR, Loberiza FR, Armitage JO, et al.
Clinicopathologic features, management and
outcomes of blastoid variant (BV) of mantle
cell lymphoma (MCL): a Nebraska Lymphoma
Study Group (NLSG) experience [abstract].
Blood. 2014;124(21). Abstract 2971.

Bernard M, Gressin R, Lefrére F, et al. Blastic
variant of mantle cell lymphoma: a rare but
highly aggressive subtype. Leukemia. 2001;
15(11):1785-1791.

Delfau-Larue MH, Klapper W, Berger F, et al;
European Mantle Cell Lymphoma Network.
High-dose cytarabine does not overcome the
adverse prognostic value of CDKN2A and
TP53 deletions in mantle cell lymphoma.
Blood. 2015;126(5):604-611.

DREYLING et al

20z aunr 10 uo 3senb Aq Jpd'z0G.€.P00I0/ L2897 /22 L2/92/ZE L/Pd-Bloie/poo|qAeu suoleDligndyse//:diy woly papeojumog


http://orcid.org/0000-0001-8937-6351
http://orcid.org/0000-0001-7208-4117
http://orcid.org/0000-0001-7208-4117
mailto:martin.dreyling@med.uni-muenchen.de
https://doi.org/10.1182/blood-2017-08-737502
https://doi.org/10.1182/blood-2017-08-737502

34.

35.

36.

37.

38.

39.

40.

4

42.

43.

44,

45.

Lenz G, Dreyling M, Hoster E, et al.
Immunochemotherapy with rituximab and
cyclophosphamide, doxorubicin, vincristine,
and prednisone significantly improves re-
sponse and time to treatment failure, but not
long-term outcome in patients with previously
untreated mantle cell lymphoma: results of
a prospective randomized trial of the German
Low Grade Lymphoma Study Group (GLSG).
J Clin Oncol. 2005;23(9):1984-1992.

Schulz H, Bohlius JF, Trelle S, et al.
Immunochemotherapy with rituximab and
overall survival in patients with indolent or
mantle cell lymphoma: a systematic review
and meta-analysis. J Natl Cancer Inst. 2007;
99(9):706-714.

Kluin-Nelemans HC, Hoster E, Hermine O, et al.
Treatment of older patients with mantle-cell
lymphoma. N Engl J Med. 2012;367(6):520-531.

Visco C, Finotto S, Zambello R, et al.
Combination of rituximab, bendamustine, and
cytarabine for patients with mantle-cell non-
Hodgkin lymphoma ineligible for intensive
regimens or autologous transplantation. J Clin
Oncol. 2013;31(11):1442-1449.

Visco C, Chiappella A, Nassi L, et al.
Rituximab, bendamustine, and low-dose
cytarabine as induction therapy in elderly
patients with mantle cell lymphoma: a multi-
centre, phase 2 trial from Fondazione ltaliana
Linfomi. Lancet Haematol. 2017;4(1):e15-e23.

Armand P, Redd R, Bsat J, et al. A phase 2
study of rituximab-bendamustine and
rituximab-cytarabine for transplant-eligible
patients with mantle cell lymphoma. Br

J Haematol. 2016;173(1):89-95.

Chihara D, Cheah CY, Westin JR, et al.
Rituximab plus hyper-CVAD alternating with
MTX/Ara-C in patients with newly diagnosed
mantle cell lymphoma: 15-year follow-up of
a phase Il study from the MD Anderson Cancer
Center. Br J Haematol. 2016;172(1):80-88.

. Geisler CH, Kolstad A, Laurell A, et al; Nordic

Lymphoma Group. Nordic MCL2 trial update:
six-year follow-up after intensive immu-
nochemotherapy for untreated mantle cell
lymphoma followed by BEAM or BEAC +
autologous stem-cell support: still very long
survival but late relapses do occur. Br

J Haematol. 2012;158(3):355-362.

Eskelund CW, Kolstad A, Jerkeman M, et al.
15-year follow-up of the Second Nordic
Mantle Cell Lymphoma trial (MCL2): pro-
longed remissions without survival plateau. Br
J Haematol. 2016;175(3):410-418.

Laurell A, Kolstad A, Jerkeman M, Raty R,
Geisler CH. High dose cytarabine with ritux-
imab is not enough in first-line treatment of
mantle cell lymphoma with high proliferation:
early closure of the Nordic Lymphoma Group
Mantle Cell Lymphoma 5 trial. Leuk Lym-
phoma. 2014;55(5):1206-1208.

Le Gouill S, Thieblemont C, Oberic L, et al.
Rituximab maintenance after autologous stem
cell transplantation prolongs survival in
younger patients with mantle cell lymphoma:
final results of the randomized Phase 3 LyMa
Trial of the Lysa/Goelams Group [abstract].
Blood. 2016;128(22). Abstract 145.

Damon LE, Johnson JL, Niedzwiecki D, et al.
Immunochemotherapy and autologous
stem-cell transplantation for untreated

BLASTOID MANTLE CELL LYMPHOMA

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

patients with mantle-cell lymphoma: CALGB
59909. J Clin Oncol. 2009;27(36):6101-6108.

Hermine O, Hoster E, Walewski J, et al;
European Mantle Cell Lymphoma Network.
Addition of high-dose cytarabine to immu-
nochemotherapy before autologous stem-cell
transplantation in patients aged 65 years or
younger with mantle cell lymphoma (MCL
Younger): a randomised, open-label, phase 3
trial of the European Mantle Cell Lymphoma
Network. Lancet. 2016;388(10044):565-575.

Ferrer A, Bosch F, Villamor N, et al. Central
nervous system involvement in mantle cell
lymphoma. Ann Oncol. 2008;19(1):135-141.

Cheah CY, George A, Giné E, et al; European
Mantle Cell Lymphoma Network. Central
nervous system involvement in mantle cell
lymphoma: clinical features, prognostic fac-
tors and outcomes from the European Mantle
Cell Lymphoma Network. Ann Oncol. 2013;
24(8):2119-2123.

Chihara D, Asano N, Ohmachi K, et al. Ki-67 is
a strong predictor of central nervous system
relapse in patients with mantle cell lymphoma
(MCL). Ann Oncol. 2015;26(5):966-973.

Dreyling M, Campo E, Hermine O, et al;
ESMO Guidelines Committee. Newly di-
agnosed and relapsed mantle cell lymphoma:
ESMO Clinical Practice Guidelines for di-
agnosis, treatment and follow-up. Ann Oncol.
2017;28(suppl_4):iv62-iv71.

Wang ML, Rule S, Martin P, et al. Targeting
BTK with ibrutinib in relapsed or refractory
mantle-cell lymphoma. N Engl J Med. 2013;
369(6):507-516.

Dreyling M, Jurczak W, Jerkeman M, et al.
lbrutinib versus temsirolimus: 3-year follow-up
of patients with previously treated mantle cell
lymphoma from the phase 3, international,
randomized, open-label RAY study. Lancet.
2016;387(10020):770-778.

Rule S, Dreyling M, Hess G, et al. Outcomes
in 370 patients with mantle cell lymphoma
treated with ibrutinib: a pooled analysis from
3 open-label studies. Br J Haematol. 2017;
179(3):430-438.

Wang ML, Lee H, Chuang H, et al. Ibrutinib in
combination with rituximab in relapsed or
refractory mantle cell lymphoma: a single-
centre, open-label, phase 2 trial. Lancet
Oncol. 2016;17(1):48-56.

Cheah CY, Chihara D, Romaguera JE, et al.
Patients with mantle cell lymphoma failing
ibrutinib are unlikely to respond to salvage
chemotherapy and have poor outcomes. Ann
Oncol. 2015;26(6):1175-1179.

Martin P, Maddocks K, Leonard JP, et al.
Postibrutinib outcomes in patients with mantle
cell lymphoma. Blood. 2016;127(12):1559-1563.

Goy A, Sinha R, Williams ME, et al. Single-
agent lenalidomide in patients with mantle-
cell lymphoma who relapsed or progressed
after or were refractory to bortezomib: phase Il
MCL-001 (EMERGE) study. J Clin Oncol. 2013;
31(29):3688-3695.

Trmény M, Lamy T, Walewski J, et al; SPRINT
trial investigators and in collaboration with the
European Mantle Cell Lymphoma Network.
Lenalidomide versus investigator’s choice in
relapsed or refractory mantle cell lymphoma

59.

60.

6

N

62.

63.

64.

65.

66.

67.

68.

69.

70.

7

-

(MCL-002; SPRINT): a phase 2, randomised,
multicentre trial. Lancet Oncol. 2016;17(3):
319-331.

Wang M, Fayad L, Wagner-Bartak N, et al.
Lenalidomide in combination with rituximab
for patients with relapsed or refractory mantle-
cell lymphoma: a phase 1/2 clinical trial.
Lancet Oncol. 2012;13(7):716-723.

Ruan J, Martin P, Shah B, et al. Lenalidomide
plus rituximab as initial treatment for
mantle-cell lymphoma. N Engl J Med.
2015;373(19):1835-1844.

. Goy A, Kalayoglu Besisik S, Drach J, et al.

Longer-term follow-up and outcome by tu-
mour cell proliferation rate (Ki-67) in patients
with relapsed/refractory mantle cell lym-
phoma treated with lenalidomide on MCL-001
(EMERGE) pivotal trial. Br J Haematol. 2015;
170(4):496-503.

Jerkeman M, Eskelund CW, Hutchings M,

et al. Ibrutinib, lenalidomide, and rituximab in
relapsed or refractory mantle cell lymphoma
(PHILEMON): a multicentre, open-label, sin-

gle-arm, phase 2 trial. Lancet Haematol. 2018;
5(3):e109-e116.

Fisher RI, Bemstein SH, Kahl BS, et al. Multicenter
phase Il study of bortezomib in patients with
relapsed or refractory mantle cell lymphoma.

J Clin Oncol. 2006;24(30):4867-4874.

Robak T, Huang H, Jin J, et al; LYM-3002
Investigators. Bortezomib-based therapy for
newly diagnosed mantle-cell lymphoma.

N Engl J Med. 2015;372(10):944-953.

Ansell SM, Inwards DJ, Rowland KM Jr, et al.
Low-dose, single-agent temsirolimus for re-
lapsed mantle cell lymphoma: a phase 2 trial in
the North Central Cancer Treatment Group.
Cancer. 2008;113(3):508-514.

Lesokhin AM, Ansell SM, Armand P, et al.
Nivolumab in patients with relapsed or re-
fractory hematologic malignancy: preliminary
results of a phase Ib study. J Clin Oncol. 2016;
34(23):2698-2704.

Bargou R, Leo E, Zugmaier G, et al. Tumor
regression in cancer patients by very low
doses of a T cell-engaging antibody. Science.
2008;321(5891):974-977.

Goebeler ME, Knop S, Viardot A, et al.
Bispecific T-cell engager (BiTE) antibody
construct blinatumomab for the treatment
of patients with relapsed/refractory non-
Hodgkin lymphoma: final results from a phase |
study. J Clin Oncol. 2016;34(10):1104-1111.

Turtle CJ, Hay KA, Juliane G, et al. Biomarkers
of cytokine release syndrome and neurotoxicity
after cd19 car-t cells and mitigation of toxicity
by cell dose [abstract]. Blood. 2016;128(22).
Abstract 1852.

Till BG, Jensen MC, Wang J, et al. CD20-
specific adoptive immunotherapy for lym-
phoma using a chimeric antigen receptor with
both CD28 and 4-1BB domains: pilot clinical
trial results. Blood. 2012;119(17):3940-3950.

. Abramson JS, Palomba L, Gordon LI, et al.

Transcend NHL 001: Immunotherapy with the
CD19-directed CAR T-cell product JCARO17
results in high complete response rates in
relapsed or refractory B-cell non-Hodgkin
lymphoma [abstract]. Blood. 2016;128(22).
Abstract 4192.

€ blood® 27 DECEMBER 2018 | VOLUME 132, NUMBER 26 2729

20z aunr 10 uo 3senb Aq Jpd'z0G.€.P00I0/ L2897 /22 L2/92/ZE L/Pd-Bloie/poo|qAeu suoleDligndyse//:diy woly papeojumog



