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Key Points

• DTI is strongly
associated with
adverse clinical factors
and inferior survival
outcomes in patients
with newly diagnosed
MCL.

• DTI should be reported
in all patients newly
diagnosed with MCL
enrolling in clinical
trials; steps must be
taken to avoid
selection bias.

The prognostic relevance of diagnosis to treatment interval (DTI) in patients with newly

diagnosed mantle cell lymphoma (MCL) is unknown. Hence, we sought to evaluate the

impact of DTI on outcomes in MCL using 3 large datasets (1) the University of Iowa/Mayo

Clinic Specialized Program of Research Excellence Molecular Epidemiology Resource,

(2) patients enrolled in the ALL Age Asthma Cohort/CALGB 50403, and (3) a multisitecohort

of patients with MCL. Patients were a priori divided into 2 groups, 0 to 14 days (short DTI)

and 15 to 60 days (long DTI). The patients in whom observation was deemed appropriate

were excluded. One thousand ninety-seven patients newly diagnosed with MCL and

available DTI were included in the study. The majority (73%) had long DTI (n=797). Patients

with short DTI had worse eastern cooperative oncology group performance status (ECOG PS

≥2), higher lactate dehydrogenase, bone marrow involvement, more frequent B symptoms,

higher MCL International Prognostic Index (MIPI ≥6.2), and were less likely to receive

intensive induction therapy than long DTI group. The median progression-free survival (2.5

years vs 4.8 years, p<0.0001) and overall survival (7.8 years vs. 11.8 years, p<0.0001) were

significantly inferior in the short DTI group than the long DTI cohort and remained

significant for progression-free survival and overall survival in multivariable analysis. We

show that the DTI is an important prognostic factor in patients newly diagnosed with MCL

and is strongly associated with adverse clinical factors and poor outcomes. DTI should be

reported in all the patients newly diagnosed with MCL who are enrolling in clinical trials

and steps must be taken to ensure selection bias is avoided.

Submitted 24 October 2022; accepted 31 October 2022; prepublished online on
Blood Advances First Edition 14 December 2022; final version published online 24
May 2023. https://doi.org/10.1182/bloodadvances.2022009225.
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The full-text version of this article contains a data supplement.
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Introduction

Mantle cell lymphoma (MCL) is a subtype of B-cell non-Hodgkin
lymphoma (NHL) characterized by the translocation t(11;14)
(q13;32) resulting in the overexpression of cyclin D1.1,2 MCL
accounts for ~6% to 8% of all NHLs with a median age at
diagnosis of >65 years and male predominance.2,3 Although the
survival of patients with MCL has improved in the past decade
because of the advent of novel agents,3 there remains a subset
of patients with high-risk features that continue to have poor
outcomes, such as those with blastoid or pleomorphic variants and
those harboring TP53 mutation.4

The diagnosis to treatment interval (DTI) is an important prognostic
factor in patients with newly diagnosed diffuse large B-cell lym-
phoma (DLBCL)5 in which patients who begin therapy quickly
(within 14 days) after diagnosis have an inferior event-free survival
than those not requiring such immediate treatment initiation likely
reflecting disease aggressiveness6 in those with shorter DTI.
Similarly, a retrospective study that evaluated the impact of DTI on
outcomes of patients with aggressive NHLs, including MCL,
showed that shorter DTI was associated with unfavorable out-
comes.7 However, the study was limited by lack of details on
treatment regimens, prognostic variables, and lymphoma-related
endpoints such as progression-free survival (PFS).

Given the paucity of data surrounding the prognostic relevance of
DTI in MCL, we sought to evaluate the impact of timing of treat-
ment initiation from diagnosis on outcomes using 3 large datasets
(1) the University of Iowa/Mayo Clinic Specialized Program of

Research Excellence (SPORE) Molecular Epidemiology Resource
(MER), (2) patients enrolled in the ALLIANCE/CALGB 50403, and
(3) a multisite cohort of patients with MCL.

Patients and methods

Study design

This is a pooled analysis of 3 large datasets, 2 prospective
(SPORE/MER and CALGB/ALLIANCE 50403) and 1 retrospec-
tive (MCL retrospective cohort study [MCL-RCS]).

The details on the MER cohort have been previously reported.8 Briefly,
adult patients newly diagnosed with MCL were prospectively enrolled
in the MER from 2002 to 2015. All patients were within 9 months of
initial diagnosis at the time of enrollment and all diagnoses were
confirmed by a study hematopathologist. Baseline clinical, laboratory,
and treatment data were abstracted from medical records using a
standard protocol. CALGB (now ALLIANCE) 50403 is a phase II
randomized study wherein patients newly diagnosed with MCL
received aggressive immunochemotherapy induction followed by
high-dose cytarabine–based stem cell mobilization, autologous stem
cell transplant, and posttransplant rituximab. Patients were then ran-
domized to 2 different doses and schedules of posttransplant borte-
zomib.9 The MCL-RCS included adult patients (≥18 years) with MCL
treated from 2000 through 2017 at 12 participating US medical
centers. The patients from the sites in the MCL-RCS that enrolled on
CALGB 50403 were excluded. The details of the cohort are
described elsewhere.10,11 The study was institutional review board
approved at all the participating sites and was conducted in accor-
dance with the Declaration of Helsinki.

ALLIANCE/
CALGB 50403

N = 151

N = 127

Short DTI
N = 300

Long DTI
N = 797

DTI missing
or >60 days

N = 5

OS or PFS
missing
N = 19

MER

N = 336

N = 304

N = 1097

DTI missing
or >60 days

N = 27

OS or PFS
missing
N = 5

MCL-RCS

N = 1184

N = 666

DTI missing
or >60 days

N = 410

OS or PFS
missing
N = 16

Pts enrolled
in ALLIANCE

N = 92

Figure 1. CONSORT diagram.
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Table 1. Patient characteristics

Covariate

Datasets

All

N = 1097, n (%)

ALLIANCE

N = 127, n (%)

MER

N = 304, n (%)

MCL-RCS

N = 666, n (%)

Time to first treatment

0-14 d 13 (10) 107 (35) 180 (27) 300 (27)

15-60 d 114 (90) 197 (65) 486 (73) 797 (73)

Age at diagnosis, y

Median 60 64 62 63

Range 29-69 32-96 29-88 29-96

Sex

Female 29 (23) 69 (23) 158 (24) 256 (23)

Male 98 (77) 235 (77) 507 (76) 840 (77)

Race

White 116 (96) 278 (99) 576 (89) 970 (92)

Black 4 (3) 0 (0) 36 (5) 40 (4)

Others 1 (1) 2 (1) 37 (6) 40 (4)

ECOG PS

0 82 (65) 188 (62) 331 (58) 601 (60)

1 41 (32) 86 (28) 208 (36) 335 (33)

≥2 4 (3) 30 (10) 33 (6) 67 (7)

Ann Arbor stage

1-3 19 (15) 49 (16) 84 (13) 152 (14)

4 108 (85) 255 (84) 571 (87) 934 (86)

LDH

Normal 83 (65) 168 (66) 263 (56) 514 (61)

Elevated 44 (35) 85 (34) 203 (44) 332 (39)

BM involvement

Yes 106 (83) 229 (80) 467 (84) 802 (83)

No 21 (17) 56 (20) 88 (16) 165 (17)

B symptoms

Yes 39 (31) 62 (21) 208 (33) 309 (29)

No 87 (69) 238 (79) 413 (67) 738 (71)

MIPI*

<5.7 104 (82) 85 (34) 150 (37) 339 (43)

≥5.7 <6.2 15 (12) 77 (31) 128 (31) 220 (28)

≥6.2 8 (6) 88 (35) 132 (32) 228 (29)

Intensive induction therapy

Yes 127 (100) 45 (15) 305 (46) 477 (44)

No 0 (0) 259 (85) 358 (54) 617 (56)

Auto-HCT in CR1

Yes 104 (82) 86 (28) 316 (51) 506 (48)

No 23 (18) 218 (72) 310 (49) 551 (52)

Ki-67 percentage

≤30% 62 (84) - 162 (52) 224 (58)

>30% 12 (16) - 149 (48) 161 (42)

Median f/up in years 8.5 8.0 3.5 5.0

Of note, the data on blastoid histology were only available in the MCL-RCS data set. Among the patients with available data (n = 534), only 15% (n = 81) had blastoid histology.
auto-HCT, autologous hematopoietic cell transplantation; CR1, first complete remission; f/up, follow-up.
*The MIPI score from the ALLIANCE data set was generated from the integer value of 0 to 8 giving us the distribution as outlined in the Table. This is different from what is reported in the

ALLIANCE publications which used 0 to 3, 4 to 5, and 6 to 8 as low, intermediate, and high risk, respectively.
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Patients initially managed with observation were excluded. DTI was
defined as the time in days from the date of diagnosis to the initi-
ation of therapy. The date of diagnosis was the date of the first
biopsy that confirmed a diagnosis of MCL. Patients were stratified

into 2 groups, 0 to 14 days (short DTI) and 15 to 60 days (long
DTI). Patients who initiated therapy >60 days after diagnosis were
excluded based on prior work highlighting an excellent prognosis
for patients where initial therapy is deferred.12-14

Table 2. Patient characteristics by time from diagnosis to first treatment

Covariate

Time to first treatment

P value0-14 d, N = 300, n (%) 15-60 d, N = 797, n (%)

Data set

MER 107 (36) 197 (25)

ALLIANCE 13 (4) 114 (14)

MCL-RCS 180 (60) 486 (61)

Age at diagnosis, y .70

Median 63 62

Range 32-95 29-96

Sex .85

Female 71 (24) 185 (23)

Male 228 (76) 612 (77)

Race .09

White 273 (94) 697 (91)

Black 5 (2) 35 (5)

Others 11 (4) 29 (4)

ECOG PS <.001

0 134 (50) 467 (63)

1 96 (36) 239 (33)

≥2 37 (14) 30 (4)

Ann Arbor stage .009

1-3 28 (9) 124 (16)

4 267 (91) 667 (84)

LDH <.001

Normal 107 (50) 407 (64)

Elevated 106 (50) 226 (36)

BM involvement .005

No 30 (11) 135 (19)

Yes 231 (89) 571 (81)

B symptoms .02

No 180 (65) 558 (72)

Yes 97 (35) 212 (28)

MIPI <.001

<5.7 62 (31) 277 (47)

≥5.7 <6.2 50 (25) 170 (29)

≥6.2 88 (44) 140 (24)

Intensive induction therapy .001

No 192 (64) 425 (53)

Yes 107 (36) 370 (47)

Ki-67 percentage .007

≤30% 37 (45) 187 (62)

>30% 45 (55) 116 (38)

Boldface value signifies statistically significant value.
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Study end points and definitions

The primary end point for outcome analysis was overall survival
(OS), whereas the secondary end point was PFS. OS was defined
as the time from first treatment to death or last follow-up. Patients
not experiencing an event were censored at their last known follow-
up. PFS was defined as the time from first treatment to progression
or death; the MER study included initiation of second line therapy
as an event for PFS. supplemental Table 1 shows the breakdown
of the intensive induction therapies among the 3 cohorts.

Statistical considerations

Descriptive statistics were generated for categorical variables using
frequencies and percentages, and for continuous variables using
mean, median, standard deviation, and range. DTI groups were
compared using analysis of variance for continuous variables and
using χ2 or Fisher exact tests for categorical variables. OS and PFS
were estimated from the start of first treatment using the Kaplan-Meier
method and were compared using log-rank tests. Univariate Cox
proportional hazards models were fit for OS and PFS as a function of
the DTI group, and other relevant patient and treatment characteris-
tics. Multivariable Cox models were fit as a function of DTI group, sex,
stage, bone marrow (BM) involvement, B symptoms, MCL Interna-
tional Prognostic Index (MIPI), and intensive induction therapy.

For multivariable models, a complete case analysis was utilized, such
that patients missing 1 model covariate were excluded from the
model. Model assumptions were assessed and verified. Adjusted
Kaplan-Meier plots were created, by reweighting observations by the
propensity of receipt of short DTI. In addition, as a sensitivity analysis,
DTI was converted into a weekly variable (0-6 days, 7-13 days, etc),
and placed into multivariable Cox models as a continuous variable
with MIPI and intensive induction therapy. Of note, a restricted
quadratic spline was fit for time from diagnosis to first treatment
(in days) as a function of the relative hazard of death, using knots
assessed at the 20th, 40th, 60th, and 80th percentiles.15 This was
performed to verify the use of the predefined clinical cut-off point of
14 days for the time from diagnosis to first treatment. Statistical
analysis was conducted using SAS 9.4 (SAS Institute Inc, Cary, NC),
and statistical significance was assessed at the 0.05 level.

Results

Patient characteristics

A total of 1097 patients newly diagnosed with MCL and available DTI
were included in the study (see CONSORT, Figure 1). 27% (n = 300)
had short DTI, whereas 73% (n = 797) had long DTI. Median DTI was
8 days (interquartile range [IQR], 5-12 days) for the short DTI group vs
31 days for the longer DTI group (IQR, 23-42 days). Table 1 shows

0-14 days
15-60 days

Time to
first

treatment

Time to
first

treatment

0-14 days
15-60 days

No. of
Subject

300
797

Event

205 (68%)
419 (53%)

95 (32%)
378 (47%)

Censored

2.5 (2.0, 3.1)
4.8 (4.2, 5.4)

Median
Survival

(95% CI)

55.4% (49.4%, 61.1%)
72.1% (68.7%, 75.2%)

2 Yr Survival

33.1% (27.2%, 39.1%)
48.6% (44.6%, 52.5%)

5 Yr Survival

0.0

0

0.2

0.4

Su
rv

iva
l p

ro
ba

bil
ity

Progression-free survival (years from first treatment)

0.6

Kaplan-Meier Plot
With Number of Subjects at Risk

0.8

+ Censored
Logrank P < .0001

1.0

1 2 3 4 5 6 7 8 9 10

797 605 479 372 308 230 173 136 94 68 37
300

15-60 days
0-14 days 200 144 103 76 60 45 31 21 12 9

Time to first treatment 0-14 days 15-60 days

Figure 2. PFS of short vs long DTI in patients with MCL.
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the baseline characteristics stratified by the 3 datasets (MER,
ALLIANCE, and MCL-RCS). The median age at diagnosis was
63 years (range, 29-96 years), the majority sex was male (77%), and
themajority racewasWhite (92%). Most patients had stage IV disease
(86%). MIPI was low, intermediate, and high in 43%, 28%, and 29%,
respectively. The median follow-up was 8 years, 8.5 years, and
3.5 years in theMER, ALLIANCE, andMCL-RCS cohorts, respectively.

Association of short DTI with prognostic factors at

diagnosis

Short DTI was associated with several adverse prognostic factors
at diagnosis (see Table 2). Compared with patients who initiated
treatment 15 to 60 days after diagnosis, patients who started
treatment within 14 days had worse eastern cooperative oncology
group performance status (ECOG PS ≥2; 14% vs 4%; P < .01),
more frequently elevated lactate dehydrogenase (LDH) levels
(elevated LDH levels, 50% vs 36%; P < .01), and higher MIPI (MIPI
≥6.2; 44% vs 24%; P < .001), with more modest differences
observed for bone marrow (BM) involvement (89% vs 81%;
P = .005), B symptoms (35% vs 28%; P = .02), stage IV disease
(91% vs 84%; P = .009), and lack of receipt of intensive induction
therapy (64% vs 53%; P = .001).

Association of short DTI with survival

The median PFS was 2.5 years (95% confidence interval [CI],
2.0-3.1) for patients with short DTI and 4.8 years (95% CI, 4.2-5.4)
for patients with longer DTI (Figure 2, log-rank P < .0001). A similar
trend was seen when the analysis was restricted to the recipients
of intensive induction therapy (short vs long DTI, median PFS was
3.3 years vs 6.3 years, respectively; P < .001; supplemental
Figure 1). In the univariate analysis, short DTI was associated
with significantly inferior PFS (hazard ratio [HR], 1.69; 95% CI,
1.43-2.00; P < .001). Other factors that showed significant asso-
ciation with PFS are shown in supplemental Table 2. After
adjusting for covariates (sex, stage, BM involvement, B symptoms,
MIPI score, and intensive induction therapy, supplemental Table 3)
that were significant in the univariate analysis, short DTI remained
associated with significantly inferior PFS than long DTI (HR, 1.50;
95% CI, 1.20-1.87; P < .001) in the multivariable analysis (see
adjusted PFS in supplemental Figure 2). Other factors that were
associated with inferior PFS in the multivariable analysis (Table 3)
included male sex (HR, 1.39; 95% CI, 1.08-1.80; P = .01) and
higher MIPI (MIPI ≥6.2; HR, 1.65; 95% CI, 1.27-2.15; P < .001),
whereas recipients of intensive induction therapy had longer PFS
(HR, 0.69; 95% CI, 0.56-0.86; P = .001).

The median OS was 7.8 years (95% CI, 6.7-9.1) for the short DTI
group and 11.8 years (95% CI, 9.9-14.3) for the longer DTI group
(Figure 3, log-rank P < .0001). A similar trend was seen when the
analysis was restricted to the recipients of intensive induction therapy
(short vs long DTI, median OS was 8.8 years vs not reached,
respectively; P = .008; supplemental Figure 3). In the univariate
analysis, short DTI was associated with significantly inferior OS (HR,
1.66; 95% CI, 1.34-2.06; P < .001). Other factors that were signifi-
cantly associated with OS are shown in supplemental Table 4. After
adjusting for covariates (sex, stage, BM involvement, B symptoms,
MIPI score, and intensive induction therapy; Table 4) that were sig-
nificant in the univariate analysis, short DTI remained associated with
significantly inferior OS than long DTI (HR, 1.57; 95% CI, 1.20-2.06;
P < .001) in the multivariable analysis (see adjusted OS in

supplemental Figure 4). Other factors that were associated with
inferior OS in the multivariable analysis (Table 4) included male sex
(HR, 1.60; 95% CI, 1.15-2.23; P = .005) and higher MIPI (MIPI ≥6.2;
HR, 2.50; 95% CI, 1.81-3.46; P < .001).

Sensitivity analysis

On analyzing the DTI as a continuous variable, we noted that
there was an improvement in PFS (HR, 0.86; 95% CI, 0.82-0.91;
P < .001; supplemental Table 4) and OS (HR, 0.91; 95% CI,
0.85-0.98; P = .009; supplemental Table 5) for every week beyond
diagnosis after adjusting for other significant covariates in the
multivariable analysis. supplemental Figures 5 and 6 show KM
curves for DTI per week. We also analyzed DTI in a nonlinear way
(spline curves). The spline curve indicates that survival starts to
improve significantly after the 14-day mark for time from diagnosis
to first treatment (supplemental Figure 7). Because a greater pro-
portion of patients in the ALLIANCE were in the longer DTI group
(~90%), additional analysis was performed excluding the ALLI-
ANCE patient population. The results remained in line with the main
analysis with inferior PFS (HR, 1.44; 95% CI, 1.13-1.82; P = .003;
supplemental Table 6) and OS (HR, 1.62; 95% CI, 1.21-2.16;
P = .001, supplemental Table 7) in the short DTI cohort compared
with those in the longer DTI group after adjusting for other cova-
riates in the multivariable analysis.

Subgroup analysis

To understand the clinical trial enrollment in the real-world setting, we
evaluated the patients in the MCL-RCS. Among the 666 patients in

Table 3. Multivariable analysis of PFS

Covariate HR (95% CI) P value

Time to first treatment

15-60 d Referent

0-14 d 1.50 (1.20-1.87) <.001

Sex

Female Referent

Male 1.39 (1.08-1.80) .01

Ann Arbor stage

1-3 Referent

4 0.90 (0.58-1.39) .63

BM involvement

No Referent

Yes 1.40 (0.92-2.14) .12

B symptoms

No Referent

Yes 1.20 (0.95-1.51) .12

MIPI

<5.7 Referent

≥5.7 <6.2 1.23 (0.95-1.58) .12

≥6.2 1.65 (1.27-2.15) <.001

Intensive induction therapy

No Referent

Yes 0.69 (0.56-0.86) .001

Boldface value signifies statistically significant value.
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the MCL-RCS, 39 had missing data on the clinical trial enrollment
leaving 627 evaluable patients. Among the 163 patients with short
DTI, only 13% (n = 21) were treated on a clinical trial in contrast to
20% (n = 94) of patients in the longer DTI (n = 464) cohort, which
was significantly different between the 2 groups (P = .03).

Information on Ki-67 percentage score was available in 428
patients (ALLIANCE and MCL-RCS) with 94 in the short DTI group
and 334 in the long DTI group. Ki-67 was >30% in 45 of 82 (55%)
patients in the short DTI group and in 116 of 303 (38%) in the long
DTI group (P = .007). The data on complex karyotype (defined as
>3 cytogenetic abnormalities) were available in 280 patients (all in
MCL-RCS) with 78 in the short DTI group and 202 in the long DTI
group. Complex karyotype was present in 22 of 78 (28%) patients
in the short DTI group and in 29 of 202 (14%) in the long DTI
group (P = .007). TP53 mutation data were available only in
90 patients (all in the MCL-RCS) with 29 in the short DTI group
and 61 in the long DTI group. TP53 mutation was present in 13 of
29 (45%) patients in the short DTI group and in 27 of 61 (44%) in
the long DTI group (P = .96).

Discussion

In this pooled analysis of 3 large datasets, we found that DTI is a
simple yet important variable that has a significant association with

outcomes in patients newly diagnosed with MCL and make several
important observations. Firstly, patients with short DTI have signif-
icantly inferior survival (both PFS and OS) relative to long DTI in
patients with newly diagnosed MCL. Secondly, short DTI ranged
from modest to strongly associated with several adverse disease
related prognostic factors, most notably for poor ECOG PS,
elevated LDH, and high MIPI. Thirdly, the prognostic value of DTI
remained after adjustment for MIPI. And lastly, the effect between
DTI and outcomes appears to be continuous.

The association of short DTI with inferior survival in our study is
similar to what has been shown in the DLBCL literature,5 in which
the patients with short DTI had worse EFS24 than those with
longer DTI. The prognostic relevance of MIPI score16 is well known
in MCL. In our study, we found that the prognostic impact of DTI in
newly diagnosed MCL was independent of the MIPI, similar to the
prognostic value of DTI independent of IPI in DLBCL.5 The prog-
nostic relevance of Ki-67 with a cut-off of 30% has been well
validated in patients with MCL.17,18 Hence, we evaluated the
impact of Ki-67 >30% on DTI and found that a significantly higher
proportion of patients with short DTI had Ki-67 >30% than those
with long DTI (55% vs 38%; P = .007). Other molecular charac-
teristics such as TP53 mutation and complex karyotype at diag-
nosis have also been shown to be associated with worse
outcomes.4,19 Therefore, we looked at these variables in our study.
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Figure 3. OS of short vs long DTI in patients with MCL.
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Although we found no significant association between DTI and
TP53 mutation status (P = .96), patients with short DTI had a
significantly greater proportion complex karyotypes than those with
long DTI (28% vs 14%; P = .007). The findings noted in the current
study have important consequences for clinical trial design and
interpretation in MCL. For instance, in the ALLIANCE trial, 90% of
the patients who were newly diagnosed, received first-line therapy
beyond 14 days. A similar pattern was noted in those receiving
first-line therapy on a clinical trial in MCL-RCS. Also, the prognostic
relevance of short DTI persisted even after subsetting to more
aggressive therapy (recipients of intensive induction therapy only),
likely reflecting a function of disease aggressiveness and needs to
be factored in while designing clinical trials in MCL. As the DTI has
an independent association with outcomes beyond established
clinico-biological prognostic factors, the current inclusion criteria
for a clinical trial are not sufficient for patient selection in a non-
biased manner. In addition, the clinical trials should be able to
facilitate enrollment of patients requiring urgent therapy, including
potentially permitting a cycle of off-study treatment to manage
symptoms while a patient is screened and enrolled. The strengths
of the study include large sample size and inclusion of patients from
2 prospective cohorts and a large multisite retrospective cohort
providing a good mix of patients and a better perspective on the
scope of the problem. Although we looked at the association of DTI
with molecular characteristics such as complex karyotype and
TP53 mutation, these results need to be interpreted with caution
given the small sample size and the selected subset of the data. In
conclusion, we show that DTI is an important prognostic factor in

patients newly diagnosed with MCL and is strongly associated with
adverse clinical factors and poor outcomes. DTI should be reported
in all the patients newly diagnosed with MCL who are enrolling in
clinical trials and steps must be taken to ensure selection bias
because of treatment delays in these patients is avoided.
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