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Abstract

Background Patients with mantle cell lymphoma (MCL) exhibit a wide variation in clinical presentation and out-
come. However, the commonly used prognostic models are outdated and inadequate to address the needs

of the current multidisciplinary management of this disease. This study aims to investigate the clinical and pathologi-
cal features of MCL in the immunochemotherapy era and improve the prognostic models for a more accurate predic-
tion of patient outcomes.

Methods The North American Mantle Cell Lymphoma Project is a multi-institutional collaboration of 23 institutions
across North America to evaluate and refine prognosticators for front-line therapy. A total of 586 MCL cases diag-
nosed between 2000 and 2012 are included in this study. A comprehensive retrospective analysis was performed
on the clinicopathological features, treatment approaches, and outcomes of these cases. The establishment of novel
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prognostic models was based on in-depth examination of baseline parameters, and subsequent validation in an inde-

pendent cohort of MCL cases.

Results In front-line strategies, the use of hematopoietic stem cell transplantation was the most significant param-
eter affecting outcomes, for both overall survival (OS, p <0.0001) and progression-free survival (PFS, p<0.0001). P53
positive expression was the most significant pathological parameter correlating with inferior outcomes (p <0.0001

for OS and p=0.0021 for PFS). Based on the baseline risk factor profile, we developed a set of prognostic models incor-
porating clinical, laboratory, and pathological parameters that are specifically tailored for various applications. These
models, when tested in the validation cohort, exhibited strong predictive power for survival and showed a stratifica-

tion resembling the training cohort.

Conclusions The outcome of patients with MCL has markedly improved over the past two decades, and further
enhancement is anticipated with the evolution of clinical management. The innovative prognostic models developed
in this study would serve as a valuable tool to guide the selection of more suitable treatment strategies for patients

with MCL.

Introduction

Mantle cell lymphoma (MCL), accounting for 3—10% of
non-Hodgkin lymphoma, is a mature B cell lymphoma
characterized by cyclin D1 rearrangement. MCL occurs
mostly in the lymph nodes with frequent extranodal
involvement, and most patients have advanced-stage
disease at the time of the first diagnosis [1, 2]. MCL
has unique biological characteristics, and although
often sensitive to therapy at first, relapses are frequent
and most patients eventually experience disease pro-
gression following conventional treatment. Over the
last two decades, along with the broad application of
immunochemotherapy, hematopoietic stem cell trans-
plantation (HSCT), and small molecule inhibitors, the
clinical outcome of MCL patients has improved sig-
nificantly [3]. Due to the wide variability in clinical
presentation and outcome, several risk stratification
methods have been developed for predicting the prog-
nosis of MCL patients. At present, the most commonly
used model is the Mantle Cell Lymphoma International
Prognostic Index (MIPI) [4], including the upgraded
MIPI-c [5]. However, several disadvantages have been
encountered in the practical application of this strati-
fication method, which led to inconsistent results in
validation studies [6]. First, MIPI was developed in
the chemotherapy era, and although subsequent stud-
ies validated its efficacy in patients undergoing immu-
nochemotherapy [7, 8], a refined stratification system
using recent cohorts may exhibit superior predictive
power. Second, MIPI was originally developed solely
on clinical and laboratory parameters, without con-
sidering pathological features. While the MIPI-c algo-
rithm has incorporated the Ki-67 index, it is crucial to
also consider the potential impact of other pathological
features. This is particularly important for p53 over-
expression, as emerging evidence has linked its pres-
ence with poorer outcomes. Therefore, new prognostic

models derived from an integrative analysis of major
clinical, laboratory, and pathological parameters may
offer a more comprehensive and accurate risk assess-
ment. Third, MIPI was established based on overall sur-
vival (OS), whereas more accurate prediction of disease
relapse upon front-line therapy is in demand given that
new therapies, such as bruton tyrosine kinase (BTK)
inhibitors and chimeric antigen receptor T cell (CAR-
T) therapy tend to play more important roles in the
MCL treatment. Therefore, a prognostic model estab-
lished on progression-free survival (PES) is of practical
value in assisting the selection of treatment strategies.

The North American Mantle Cell Lymphoma Project
(NAMCLP) was organized with the goal of enhanc-
ing the clinical management of MCL patients. In this
study, we analyze the clinicopathological data of a
large cohort of MCL patients and establish a new set
of prognostic models with high prognostic power, func-
tioning not only from the general perspective but also
in an age-defined manner (<65 years and >65 years,
respectively).

Patients and methods

Patients

An initial analytic cohort of 586 MCL cases diagnosed
between January 2000 and December 2012 was recruited
from 23 participating institutions across North America.
An independent validation cohort of 185 cases diag-
nosed between January 2000 and December 2017 was
subsequently recruited from University of Nebraska
Medical Center (UNMC), Roswell Park Comprehensive
Cancer Center, and University of Calgary. To be included,
cases had to have documented information on clinical
examination and management. The study protocol was
approved by the local ethics committees of participating
institutions. The clinical information was collected for all
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cases, and pathology review was conducted in cases with
available material.

Pathologic assessment

For the analytic cohort, the pathologic features including
growth pattern, cytologic features, and immunoglobulin
light chain restriction (ILCR), as well as the immunobhis-
tochemical (IHC) staining for CD5, CD23, Ki-67, and
p53, were reviewed by three experienced hematopatholo-
gists. The diffuse growth pattern was defined as 100%
diffuse growth, and tumor cytology referred to classical
or blastoid/pleomorphic subtypes. Needle biopsy sam-
ples were not included in the morphology subclassifica-
tion due to their limited tissue representation. All p53
staining (antibody clone: DO-7, Ventana, USA) was per-
formed at the UNMC. The cutoff value for Ki-67 followed
the previously established criteria of 30% [6, 9], whereas
p53 staining was assessed by a semi-quantitative scoring
method as described previously [10]. Briefly, the inten-
sity of nuclear p53 staining (none 0, weak 1, medium 2,
and strong 3) was multiplied by the percentage of posi-
tive tumor cells. Summing up each faction led to the final
score with the positive cutoff setting as > 0.9.

Statistical methods

To validate the MIPI and MIPI-c stratification, Kaplan—
Meier OS (calculated from the date of diagnosis to death
from any cause) and PFS (calculated from the date of
diagnosis to relapse or death from any cause) curves for
stratified risk groups were calculated and compared by
the log-rank test. The prognostic relevance of the can-
didate prognostic factors was evaluated using univariate
Cox regression for OS and PFS. Subsequently, multiple
Cox regression with backward variable selection was
performed to identify the most optimized combination
of relevant prognostic factors, as well as the final Cox
regression model. The proportional hazards assumption
for the final model was checked using scaled Schoenfeld
residuals [11, 12]. Factors in violation of that assump-
tion or with substantial multivariate missing values were
excluded from the multiple regression. Prognostic groups
were defined by categorizing the prognostic scores
derived from the final Cox regression model. Two opti-
mal cutpoints for the overall evaluation and one for age-
defined assessments maximizing the log-rank statistic
were identified following the “minimal P value approach”
[13]. P values for the log-rank statistic were adjusted
for multiple testing by the Bonferroni method. Inter-
nal validation for the log-rank test statistic and Harrell’s
C-index was performed by applying the refined bootstrap
described by Efron [14]. Statistical analyses were per-
formed using R version 4.1.1.
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Results

Clinical, laboratory, and pathological characteristics

The male-to-female ratio of this cohort of patients
was 3.6:1, and 89% of the patients were Caucasian. The
median age was 64 years (range 24—104 years, Additional
file 1: Fig. S1), and thus, using age 65 as the cutoff, we
divided the patients into younger (< 65) and older cohorts
(>65). At diagnosis, 93% of the patients had an ECOG
performance score <2, 24% presented with B symptoms,
73% had extranodal involvement, and 89% had stage III-
IV disease. Elevated WBC was present in 22%, elevated
serum lactate dehydrogenase (LDH) in 40%, anemia in
35%, thrombocytopenia in 15%, and circulating tumor
cells (CTCs, determined by flow cytometry) in 39% of
the patients. A central pathology review was conducted
on a total of 315 cases. Among these, the diffuse growth
pattern was observed in 41%, and the blastoid/polymor-
phic variant was present in 17% of the cases. CD5 and
CD23 were positive in 90% and 13% of the cases, respec-
tively; 28% had a p53 score>0.9 and 33% had a Ki-67
value >30%. All characteristics are listed in Table 1.

Treatment and outcome

The five-year OS and PFS rates were 64% (95% CI 59-68)
and 37% (95% CI 32-42), respectively, for the entire
cohort of patients; 48% (95% CI 42-55) and 20% (95% CI
15-27), respectively, for the older cohort; and 78% (95%
CI 73-83) and 51% (95% CI 45-58), respectively, for the
younger cohort (Fig. 1). Of the 551 cases with complete
treatment history, 512 patients received treatment and
39 were managed with “watch and wait” R-CHOP and
R-hyperCVAD were the two most common front-line
regimens, accounting for 45% and 30% of chemother-
apy-treated patients, respectively. We categorized the
cases into four groups based on the chemotherapy regi-
mens: anthracycline-based, cytarabine-based, purine
analogue-based, and others. Notably, in the entire cohort
analysis, patients treated with cytarabine-based regimens
demonstrated superior outcomes compared to those
receiving anthracycline-based regimens (p=0.0028 for
OS and p<0.0001 for PFS) (Additional file 1: Fig. S2).
However, this likely reflects selection bias, as 53% of the
patients treated with cytarabine-based chemotherapy
also received HSCT, compared to only 27% of those on
non-cytarabine-based regimens. Indeed, when we incor-
porated HSCT into our assessment, the perceived advan-
tage of cytarabine-based chemotherapy disappeared for
the OS (Fig. 2). Nevertheless, cytarabine-based chemo-
therapy retained its efficacy in delaying disease progres-
sion, particularly when combined with HSCT, leading
to a significant improvement in PFS. This benefit was
most noticeable in younger patients, who are likely more
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Table 1 Baseline and Treatment Information for The Analytical Cohort of MCL Cases (n=586)

Parameter Quantity n % Parameter Quantity n %
Age =65y 354 578 61.2 Lymphocytes (>5*10%/uL) 93 457 204
Male 455 581 783 Anemia 176 508 34.7
Caucasian 452 507 89.2 Platelets (< 100 k/uL) 78 510 15.3
ECOG Performance < 2 502 538 933 Circulating tumor cells 134 345 388
B symptoms presented 131 538 243 Largest tumor diameter (>3 cm) 230 444 51.8
Nodal involvement only 151 550 275 Blastoid or Pleomorphic 38 222 17.1
Extranodal involvement Diffuse growth pattern 91 223 40.8
Tonsil 37 395 94 CDs5 positive 252 279 90.3
Colon 72 490 14.7 CD23 positive 25 186 134
Liver 22 490 45 Kappa light chain restriction 59 139 424
Small intestine 50 490 10.2 p53 (= 0.9 points) 77 273 28.2
Spleen 134 490 27.3 Ki-67 (=30%) 100 306 327
Stomach 24 490 4.9 SOX11 (= 10%) 181 202 89.6
Digestive tract 98 490 20.0 Chemotherapy regimens

Limited to one site 29 527 55 Cytarabine-based 159 503 31.6
AAS -V 488 548 89.1 Anthracycline-based 244 503 485
Elevated LDH 179 453 395 Purine analogue-based 69 503 13.7
Elevated Beta-MG 93 159 585 Others 31 503 6.2
Clonal lg 23 105 219 Rituximab maintenance 96 485 19.8
WBCs (> 11*10%/uL) 116 523 220 HSCT 167 511 327
Neutrophils (> 10‘103/pL) 7 455 15 Auto-SCT vs Allo-SCT 133/33 166 80.1/19.9

AAS Ann Arbor stage, Beta-MG beta-microglobulin; LDH lactate dehydrogenase; SCT stem cell transplantation; and WBC white blood cell

tolerant of the treatment (Fig. 2). HSCT was carried out
in 33% of the patients, of which 80% received autologous
stem cell transplantation (auto-SCT) and 20% received
allogeneic stem cell transplantation (allo-SCT). HSCT
was the most significant treatment parameter affect-
ing outcomes in all the analyzed cohorts (entire cohort,
»<0.0001 for both OS and PFS; older cohort, p=0.0005
for OS, and p=0.0018 for PFES; younger cohort, p=0.0015
for OS, and p=0.0003 for PFS, Additional file 1: Table S1
and Fig. S3), as well as for the blastoid/pleomorphic vari-
ant (p=0.01 for OS and p=0.0114 for PFS, Additional
file 1: Fig. S4). In addition, we analyzed the impact of
HSCT on the patients with positive p53 expression and
found that those treated with auto-SCT exhibited supe-
rior outcomes, especially when compared to those not
receiving HSCT (p=0.008 for OS, and p=0.024 for PFS,
Fig. 3). Rituximab maintenance was administered in 20%
of the patients, leading to improved PFS and OS in both
the entire cohort and the older cohort, whereas no signif-
icant improvement was observed in the younger cohort
(Additional file 1: Table S1).

Univariate analysis of baseline characteristics

Univariate analysis was conducted on various baseline
parameters, with the results listed in Additional file 2:
Table S2 and summarized in Additional file 1: Table S1.

For the clinical and laboratory parameters, age, ECOG
performance (>2), B symptoms, and anemia were the
parameters most significantly associated with both OS
and PFS, in the entire cohort. Other factors, includ-
ing spleen involvement, thrombocytopenia, CTCs, Ann
Arbor stage (AAS) > III, higher LDH, and multifocal dis-
ease were also significantly correlated with inferior out-
comes, whereas colon involvement was correlated with
better OS. Analysis based on age-defined groups revealed
that ECOG performance and anemia were highly signifi-
cant in the older cohort, whereas B symptoms emerged
as the most significant parameter in the younger cohort.
Furthermore, age, when examined as a continuous varia-
ble, exhibited a strong correlation with outcomes in both
the entire cohort and the older cohort. However, this cor-
relation was not significant within the younger cohort.
All the pathological parameters, except for CD5
expression, had prognostic significance, with p53 IHC-
positive being the most notable one (Additional file 1:
Fig. S5). Specifically, in the entire cohort, positive p53,
high Ki-67, diffuse growth pattern, and SOX11 were
significantly correlated with inferior outcomes for
both OS and PFS, whereas ILCR, morphological vari-
ants, and CD23 had significance only for the OS. In
the older cohort, diffuse growth pattern and p53 posi-
tivity retained the prognostic value for both OS and
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Fig. 1 Survival rates of the analytic cohort. The OS and PFS of the entire cohort (A and B) and the age-defined cohorts (C and D) are shown

PES, while the significance of others was lost or largely
decreased. In the younger cohort, p53, CD23, Ki-67,
SOX11, and morphological variants had prognostic
significance for OS, whereas none of the pathological
parameters predicted PFS.

MIPI and MIPI-c stratification

The MIPI and MIPI-c scores were obtained in 109
patients. In MIPI stratification, 11% of the cases were
classified as high risk, 52% as intermediate risk, and 37%
as low risk. In MIPI-c stratification, 11% of the cases were
classified as high risk, 29% as high intermediate risk, 27%
as low intermediate risk, and 33% as low risk. Both the

MIPI and MIPI-c demonstrated significant stratifica-
tion of the groups (p<0.0001), excelling particularly in
identifying the low-risk group. However, they were less
effective in differentiating between the intermediate- and
high-risk groups (Additional file 1: Fig. S6A, B). Further-
more, when evaluating the PFS of groups divided by the
MIPI and MIPI-c, the stratification was found to be much
less effective (Additional file 1: Fig. S6C, D).

Multivariate analysis and prognostic regression model

To develop new prognostic models, multivariate analy-
sis and Cox regression were performed for OS and PES,
respectively. For OS, a total of 203 cases passed the
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Fig. 2 Treatment and survival outcomes. The patients were divided into four groups: cytarabine-based chemotherapy with or without HSCT,
and non-cytarabine-based chemotherapy with or without HSCT. The OS and PFS of the entire cohort (A and B), the older cohort (C and D),

and the younger cohort (E and F) are shown
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screening for data completeness and were subsequently
employed for the evaluation. In this refined cohort, p53
immunostaining emerged as the most significant vari-
able in the Cox regression with backward variable selec-
tion, followed by ECOG performance, age (>60y as a
more effective cutoff than > 65y), B symptoms, and AAS.
Accordingly, the optimal prognostic index was developed
as 0.6865 (if age>60y)+1.1208 (if ECOG>2)+1.3113
(if AAS III-IV) +0.6147 (if having B symptoms) + 1.1805
(if p53 positive). By this calculation, the cases were clas-
sified into low-risk (26.1%, score<1.3113), intermedi-
ate-risk (51.2%, 1.3113<score<3.1186), and high-risk
(22.7%, score>3.1186) groups with distinctive OS rates
(p<0.0001, Fig. 4A). We then tested this model in an
independent validation cohort of 185 cases, which exhib-
ited similar survival rates to the training cohort (Addi-
tional file 1: Fig. S7). Notably, the treatment approaches
in the validation cohort were more reflective of con-
temporary medical care, with 41% of the cases being
treated with Bendamustine and 23% receiving BTK
inhibitor treatment. Despite the difference in treatment
approach, the prognostic model resulted in highly con-
sistent stratification with the training cohort, especially
regarding the percentage distribution for each group
(25.9%, 51.9%, and 22.2% for low, intermediate, and high
risk, respectively, Fig. 4B). For PFS, the analysis was suc-
cessfully carried out in 193 cases, and B symptoms,
p53, platelet count (<100 k/uL), AAS, and age were
selected by the backward variable selection. Accord-
ingly, the prognostic index was calculated as 0.2782 (if

age>60y)+0.7561 (if AAS III-IV)+0.6148 (if having B
symptoms)+0.7916 (if platelets<100 k/uL)+0.6409 (if
p53 positive). By this calculation, the cohort was clas-
sified into low-risk (25.4%, score<0.7561), intermedi-
ate-risk (62.2%, 0.7561<score<2.0118), and high-risk
(12.4%, score>2.0118) groups with distinctive PFS rates
(p<0.0001, Fig. 4C). Also, this model demonstrated
strong predictive power and high consistency in the vali-
dation cohort (24.7%, 62.9%, and 12.4% for low-, interme-
diate- and high-risk groups, respectively, Fig. 4D).

These two new prognostic models, like the currently
used models, also include patient age in the algorithms.
However, this becomes an issue as more and more
practices, especially emerging clinical trials, are con-
ducted in an age-defined manner. To meet these needs,
we also developed two age-specific prognostic mod-
els with a cutoff age of 65y, using the same training and
validation methods. Specifically, for the older cohort
(> 65y), the prognostic index was calculated as 0.9600 (if
ECOG>2)+0.5230 (if having B symptoms)+0.8933 (if
platelets <100 k/uL)+1.2781 (if p53 positive) with the
score <0.9600 for the low-risk group (58.1% and 60.3%
for training and validation, respectively), and>0.9600
for the high-risk group (41.9% and 39.7%) (Fig. 5A, B).
For the younger cohort (<65y), the prognostic index
was calculated as 0.6190 (if WBC>11 k/uL)+0.9356 (if
having B symptoms)+1.3314 (if p53 positive) with the
score <0.6190 for the low-risk group (61.5% and 60.4%),
and >0.6190 for the high-risk group (38.5% and 39.6%)
(Fig. 5C, D).
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To distinguish this stratification method from the exist-
ing models, we named it the North American MCL Prog-
nostic Indexes (NAMPIs), which can be accessed on the
following platform: https://unmcredcap.unmc.edu/red-
cap/surveys/?s=WNFCJWACLMDC9WKN

Discussion

The current study retrospectively investigated a large
cohort of MCL cases treated in the immunochemo-
therapy era. It revealed survival rates superior to those
of previous cohorts treated only with chemotherapy
[15, 16], suggesting that the broad use of rituximab has
indeed improved the overall outcome of MCL patients
in the real world. Moreover, HSCT conferred signifi-
cant clinical benefits by remarkably improving outcomes
compared to immunochemotherapy alone and appears
to be an effective approach for managing the blastoid/
pleomorphic variant. In terms of chemotherapy strate-
gies, cytarabine-based regimens with HSCT significantly
improved PFS in younger patients. This is in accordance
with previous studies recommending cytarabine-based

regimens followed by HSCT as a preference for eligible
young patients [17, 18]. Although no significant advan-
tages have been shown for OS, which indicates a similar
proportion of relapses among these patients compared to
those treated with non-cytarabine-based induction, there
remains a discernible trend favoring cytarabine-based
regimens and HSCT as initial therapy. Meanwhile, this
observation underscores the need for improved manage-
ment strategies to further enhance the long-term out-
comes of this approach.

Despite these advances, MCL remains an incurable
disease for most patients. Within the current therapeu-
tic landscape, several options are available for front-line
treatment. Additionally, the integration of approved
second-line agents, such as BTK inhibitors, bortezomib,
and lenalidomide into front-line therapy holds prom-
ise for improving disease management. The selection of
the most suitable approach relies on the accurate risk
evaluation of patients. Our study aimed to establish new
risk stratification models incorporating the major clin-
icopathological features that would effectively inform
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current clinical practice. Our univariate analysis reca-
pitulates the risk factor profile of the clinical and labo-
ratory parameters [4, 6, 19], except for the new findings
that thrombocytopenia and CTCs were correlated with
inferior outcomes, whereas colon involvement was cor-
related with superior outcomes. It is worth noting that
CTCs also occur in leukemic non-nodal MCL, which is
a recently defined indolent variant with slow or absent
clinical progression. As this variant was not established
at the diagnosis of this cohort of cases, to address this
issue, we analyzed the CTCs in only the cases with nodal
involvement and found it to have similar prognostic
significance (Additional file 2: Table S2). As for colon
involvement, there might be a bias in patient inclusion as
patients with aggressive MCL or poor general conditions
usually are not subject to colon biopsy. Indeed, colon
involvement did not significantly impact the outcomes
of the younger cohort, in which colonoscopy was more
likely to be performed. Therefore, additional studies are
needed to specifically address this issue.

For the pathological features, in addition to the Ki-67
index, we were particularly interested in the p53 status
because studies have demonstrated that p53 is frequently
mutated in MCL, and is associated with treatment resist-
ance and inferior outcomes [20-23]. Moreover, p53
expression measured by IHC staining has high sensitiv-
ity and specificity in predicting the missense mutations
and serves as a potential biomarker to predict clinical
outcomes, even independent of the MIPI and Ki-67 [21,
24]. In this study, instead of simply using the percentage
of positive cells, we employed a semi-quantitative scor-
ing method to determine the p53 expression level. In
fact, this method had a high concordance (>90%) with
the estimation by percentage using 30% as the cutoff in
our study. This method also effectively minimized the
discrepancies among pathologists in cases exhibiting a
high percentage of weak positivity. Strikingly, we found
that p53 expression was a stronger predictor of outcome
than Ki-67. Moreover, during all risk models’ develop-
ment, only the p53 expression was consistently selected
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by Cox regression. This underscores its significance in
treatment response and outcome, especially in the con-
text of integrative analysis of the baseline parameters. A
limitation of the current study is the sole involvement of
p53 expression without considering the genetic status of
TP53. Previous studies have indicated that discrepancies
between expression and mutation can be approximately
10-20% [21, 25], with genetic sequencing recommended
as the more accurate method for determining p53 sta-
tus. However, given the complexity of p53 alterations in
MCL, protein expression holds significant value due to
its functional relevance. This is emphasized by mounting
evidence highlighting a strong correlation between p53
expression and prognosis [26, 27]. Additionally, detect-
ing expression by IHC is a more accessible method for
routine clinical practice, making it especially valuable for
low- to medium-income areas.

In evaluating other pathological features, the diffuse
growth pattern stands out as being notably correlated
with inferior outcomes for both OS and PFS in the entire
cohort as well as in older patients. The blastoid/pleomor-
phic cytology, ILCR, and CD23 positivity also demon-
strated prognostic value in relation to inferior outcomes,
whereas CD5 showed no significance across all analyzed
cohorts. Among these, the blastoid/pleomorphic cytol-
ogy was reproducibly determined as a risk factor in
previous studies [5, 28, 29]. Notably, our findings reveal
that HSCT significantly improves the survival rates for
patients with the blastoid/pleomorphic variant, suggest-
ing that this treatment should be considered a priority for
these patients. Interestingly, while CD23 was identified
as a biomarker associated with better outcomes in pre-
vious studies [30, 31], it demonstrated a negative corre-
lation with survival in our study. This discrepancy might
be attributed to the low proportion of CD23 positivity in
MCL. None of these parameters were selected by the Cox
regression for risk model development, implying a poten-
tial overlap with other features.

Unlike other prognostic models, our NAMPIs include
a PFS model to better assist with clinical decisions. A
potential application scheme could be as follows: for
the patients stratified as low-risk by the PFS model,
less aggressive regimens, such as bendamustine/rituxi-
mab, are preferred. In contrast, for high-risk patients,
especially those identified by both OS and PFS models,
HSCT, clinical trials, and rituximab maintenance are
highly recommended for consideration. Additionally,
early intervention with BTK inhibitors, potentially as
part of front-line therapy, is advised for these patients
to optimize outcomes, as this is a cutting-edge trend for
MCL treatment. Two recent extensive cohort studies
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have underscored the potential of this strategy [23, 32].
For intermediate-risk patients, a balanced approach is
recommended, carefully weighing the potential benefits
and risks of both standard and more aggressive treat-
ments while taking into consideration other healthcare
issues. Furthermore, we have also developed two mod-
els specifically tailored for older and younger patients.
This initiative was aimed at fulfilling the need for new
therapy development, as there is an increasing trend of
investigations conducted specifically in younger or older
patient populations. All of the established models were
validated in an independent cohort of cases. Importantly,
a higher percentage of patients in the validation cohort
received R-bendamustine or BTK inhibitor treatment.
Despite this, the stratification closely mirrored the train-
ing cohort, suggesting that these models are effective
across various treatment approaches and would serve
as valuable tools to improve the clinical management of
MCL patients. While the NAMPI models are anchored
in clinical and pathological data, integrating prognos-
ticators from a deeper molecular level, such as MCL35
[33], could enable a more nuanced and multidimen-
sional patient stratification. Such integration may further
enhance our ability to tailor treatments to the specific
needs of each patient, potentially improving outcomes in
MCL management.

In conclusion, through a multi-institutional collabora-
tion in North America, we analyzed the risk factors asso-
ciated with outcomes in the immunochemotherapy era
for MCL and developed novel risk stratification models
for both general and age-specific applications. Future
studies are needed to incorporate genetic features into
risk stratification, especially for the purpose of improving
the administration of second-line and novel therapies.
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