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Key Points

• Young untreated
patients with MCL
show 13% prevalence
of M-CH at baseline.

• Large M-CH clones
(variant allele
frequency ≥ 10%) are
associated with MCL
progression and worse
progression-free and
overall survival.
3 April 2025
Although recent evidence suggests that myeloid clonal hematopoiesis (M-CH) may influence

lymphoma clinical outcome, its impact in mantle cell lymphoma (MCL) remains unclear.

Here, we report a comprehensive next-generation sequencing–based analysis of the M-CH

mutational landscape at baseline and follow-up in patients enrolled in the Fondazione

Italiana Linfomi MCL0208 phase 3 trial, evaluating lenalidomide maintenance vs observation

after chemoimmunotherapy and autologous stem cell transplantation (ASCT) in untreated

young patients with MCL. Overall, 254 of 300 (85%) enrolled patients (median age, 57 years

[range, 32-66]) had a baseline sample available for CH analysis. Using stringent criteria, at

least 1 mutation involving M-CH candidate genes was described in 34 patients (13%), with

DNMT3A being the most frequently mutated gene (54%). After a median follow-up of 7 years,

the presence of large CH clones (variant allele frequency of ≥10%) predicted worse

progression-free survival (hazard ratio [HR], 2.93; 95% confidence interval [CI] 1.36-6.31;

P = .006) and overall survival (HR, 3.02 [1.21-7.55]; P = .018) compared with patients with CH.

Importantly, the competing risks analysis demonstrates that the worse clinical outcome

associated with M-CH large clones is linked to MCL progression (P < .05). Moreover, large

M-CH clones showed longer time to hematological recovery after ASCT than the remaining

cohort (P = .026). In conclusion, we showed for the first time that large CH clones might
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associate with unfavorable clinical impact in patients with MCL. This trial was registered at
1806 RAGAINI et al
www.clinicaltrialsregister.eu as EudraCT (2009-012807-25) and www.ClinicalTrials.gov as

#NCT02354313.
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Introduction

Myeloid clonal hematopoiesis (M-CH) of indeterminate potential
has been defined as the presence of a somatic mutation with
variant allele fraction (VAF) of ≥2% in a myeloid neoplasm driver
gene in a patient lacking a myeloid neoplasm or unexplained
cytopenia.1 Because M-CH is an age-related phenomenon,
somatic clones are detectable in <1% of individuals aged <40 but
rise in frequency with each decade of life.2 Previous studies3-5

suggested an increased risk of developing a hematological malig-
nancy in M-CH carriers. Furthermore, growing evidence has shown
an association between M-CH and nonmalignant diseases
including stroke, coronary artery disease, peripheral artery disease,
and venous thromboembolism.6 Recent evidence suggested that
large M-CH clones with VAF of ≥10% better predict the risk of
developing hematological cancer and nonmalignant diseases.7,8

Evidence from several types of lymphoma including angioimmu-
noblastic T-cell lymphoma,9 Hodgkin lymphoma,10 and Walden-
ström macroglobulinemia11 suggests that M-CH may have a
not-negligible impact on clinical outcome. In addition, in several
studies involving patients with lymphoma who underwent autolo-
gous stem cell transplantation (ASCT), M-CH at the time of ASCT
conferred an increased risk of therapy-related myeloid neoplasms
(t-MNs).12-14

Mantle cell lymphoma (MCL) is an uncommon subtype of aggres-
sive B-cell non-Hodgkin lymphoma. Although several treatments
are at present available, relapses invariably occur, still making MCL
an incurable lymphoma. Currently, available M-CH data in MCL are
scarce and biased by patients selection,15,16 therefore, we aimed
at describing, to our knowledge, for the first time the M-CH
mutational landscape both at baseline and after ASCT, as well as
at analyzing clinical and outcome correlations in a large series of
young patients with MCL enrolled in a prospective clinical trial of
the Fondazione Italiana Linfomi (FIL).

Methods

Patient cohort

This study was performed with biological samples collected in the
phase 3 FIL MCL0208 trial (ClinicalTrials.gov identifier:
NCT027354313).17 Briefly, MCL0208 trial enrolled 300 previously
untreated patients with MCL, aged from 18 to 65 years, without
clinically significant comorbidities. Patients received 3 cycles of R-
CHOP21 (rituximab cyclophosphamide, doxorubicin, vincristine,
prednisone), followed by R–high-dose cyclophosphamide (4 g/m2),
2 cycles of R–high-dose cytarabine (2 g/m2 every 3 hours, for
3 days), and ASCT conditioned by using BEAM (carmustine, eto-
poside, cytarabine, melphalan) or FEAM (fotemustine, etoposide,
cytarabine, melphalan) regimen. After ASCT, patients who ach-
ieved overall hematological recovery (as defined by neutrophils
>1.5 × 109/L and platelets of >60×109/L) and showed a com-
plete or partial response, were randomly assigned to observation or
lenalidomide (15 mg on days 1-21 every 28 days) for 24 months.17
All patients provided written informed consent for the use of their
biological samples for research purposes, in accordance with the
institutional review board requirements and the Helsinki Declara-
tion. The clinical trial as well as this study was approved by the
ethics committees of all the enrolling centers. All the samples were
centralized for scientific analysis in the hematological laboratory of
Torino University. Statistical analyses were performed as reported
in the supplemental Methods.

Biological samples

Unsorted bone marrow (BM) and peripheral blood (PB) samples
were collected at baseline and within 12 months after ASCT based
on the preplanned time points of minimal residual disease (MRD)
analysis18 and analyzed for M-CH. Further details of DNA extrac-
tion, flow cytometry, and mutational and MRD analysis are provided
in the supplemental Methods.

CH-targeted sequencing analysis

M-CH mutations were analyzed by next-generation sequencing at
IRCCS Policlinico San Matteo Foundation and University of Pavia,
Pavia, Italy, using the TruSight myeloid sequencing panel (Illumina,
San Diego, CA) including 54 M-CH candidate myeloid genes.
Functionally, annotated variants were then filtered based on the
information retrieved from public databases, and the expected
germ line allele frequency. The remaining variants were finally tag-
ged as oncogenic, based on the information derived from the
literature, the catalog of somatic mutations in cancer,19 and in silico
prediction effect, as previously described.20

Management of possible overlapping between tumor

and M-CH mutations

Because of potential contamination by tumor cells in samples
analyzed for M-CH, mutations occurring at baseline involving the
most frequently mutated genes in MCL cells were considered as
derived from the myeloid lineage only when the VAF was ≥4 times
the tumor fraction in the baseline sample as assessed by flow
cytometry.9 Among detected mutations, those considered as
potentially mimicking M-CH were those involving TP53, TET2,
NOTCH1, CDKN2A, BCOR, and KMT2A genes21 At the post-
ASCT time point, potentially shared mutations between myeloid
and MCL cells were considered as M-CH when not present at the
baseline time point (new emerging clones) or when involving MRD-
negative samples.

Results

Clinical and biological characteristics of the analyzed

cohort

Overall, 254 of 300 patients (85%) enrolled in the FIL MCL0208
trial had a sample (227 PB and 27 BM) collected at MCL diagnosis
available for M-CH analysis, whereas 191 of 300 (60%) patients
had 2 paired samples collected both at diagnosis (168 PB and 23
BM) and within 12 months from ASCT (180 PB and 11 BM).
22 APRIL 2025 • VOLUME 9, NUMBER 8
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Table 1. Characteristics of the MCL0208 patient cohort analyzed for M-CH mutations

Characteristic

Sample for M-CH analysis available at diagnosis

Paired samples for M-CH analysis available at

diagnosis and after ASCT

Available,

n = 254*

Not available,

n = 46* P value†

Available,

n = 191*

Not available,

n = 109* P value†

Sex >.9 .6

Female 55 (22%) 10 (22%) 43 (23%) 22 (20%)

Male 199 (78%) 36 (78%) 148 (77%) 87 (80%)

Age, y .7 .10

Median (range) 57 (32, 66) 58 (28-66) 56 (32-66) 58 (28-66)

Histology .3 .13

Blastoid 20 (7.9%) 6 (13%) 13 (6.8%) 13 (12%)

Classic 234 (92%) 40 (87%) 178 (93%) 96 (88%)

Ki67 index .12 .047

<30 163 (71%) 24 (59%) 128 (73%) 59 (61%)

≥30 67 (29%) 17 (41%) 47 (27%) 37 (39%)

NA 24 5 16 13

LDH above ULN .020 .021

≤ULN 177 (70%) 24 (52%) 137 (72%) 64 (59%)

>ULN 77 (30%) 22 (48%) 54 (28%) 45 (41%)

MIPI .3 .2

High risk 38 (15%) 9 (20%) 28 (15%) 19 (17%)

Intermediate risk 59 (23%) 14 (30%) 41 (21%) 32 (29%)

Low risk 157 (62%) 23 (50%) 122 (64%) 58 (53%)

MIPIc .2 .085

High risk 17 (7.4%) 7 (17%) 13 (7.4%) 11 (11%)

Intermediate-high risk 29 (13%) 6 (15%) 23 (13%) 12 (12%)

Intermediate-low risk 67 (29%) 12 (29%) 44 (25%) 35 (36%)

Low risk 117 (51%) 16 (39%) 95 (54%) 38 (40%)

NA 24 5 16 13

ECOG PS .9 .4

1-2 58 (23%) 11 (24%) 41 (21%) 28 (26%)

0 196 (77%) 35 (76%) 150 (79%) 81 (74%)

Stage .5 .5

Stage II-III 14 (5.5%) 4 (8.7%) 10 (5.2%) 8 (7.3%)

Stage IV 240 (94%) 42 (91%) 181 (95%) 101 (93%)

Bulky .5 .5

Bulky 81 (32%) 17 (37%) 60 (31%) 38 (35%)

Not bulky 173 (68%) 29 (63%) 131 (69%) 71 (65%)

TP53 status in tumor cells >.9 .3

Mutation or deletion 28 (17%) 3 (15%) 19 (15%) 12 (21%)

WT 138 (83%) 17 (85%) 111 (85%) 44 (79%)

NA 88 26 61 53

Type of sample at baseline >.9 .2

BM 27 (11%) — 23 (12%) —

PB 227 (89%) — 168 (88%) —

Boldface values indicate statistically significant P values (P < .05). CR, complete remission; ECOG PS; Eastern Cooperative Oncology Group performance status; LDH, lactate
dehydrogenase; MIPIc, MIPI combined; NA, data not available; PD, progressive disease; PR, partial remission; SD, stable disease; ULN, upper limit of normal; WT, wild-type.
*n (%).
†Pearson χ2 test; Wilcoxon rank-sum test; Fisher exact test.
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Table 1 (continued)

Characteristic

Sample for M-CH analysis available at diagnosis

Paired samples for M-CH analysis available at

diagnosis and after ASCT

Available,

n = 254*

Not available,

n = 46* P value†

Available,

n = 191*

Not available,

n = 109* P value†

Type of sample within 12 mo from ASCT >.9 >.9

BM 11 (5.8%) — 11 (5.8%) —

PB 180 (94%) — 180 (94%) —

NA 63 0

ASCT <.001 <.001

ASCT not received 32 (13%) 19 (41%) 0 (0%) 51 (47%)

ASCT received 222 (87%) 27 (59%) 191 (100%) 58 (53%)

Clinical response after ASCT .5 .4

CR 201 (91%) 25 (89%) 170 (89%) 56 (95%)

PR 12 (5.4%) 3 (11%) 12 (6.3%) 3 (5.1%)

SD or PD 8 (3.6%) 0 (0%) 8 (4.2%) 0 (0%)

NA 33 18 1 50

Randomized after ASCT 182 (72%) 23 (50%) .004 160 (84%) 45 (41%) <.001

Randomized to Lenalidomide 94 (52%) 10 (43%) .5 79 (49%) 25 (56%) .5

NA 72 23 31 64

Boldface values indicate statistically significant P values (P < .05). CR, complete remission; ECOG PS; Eastern Cooperative Oncology Group performance status; LDH, lactate
dehydrogenase; MIPIc, MIPI combined; NA, data not available; PD, progressive disease; PR, partial remission; SD, stable disease; ULN, upper limit of normal; WT, wild-type.
*n (%).
†Pearson χ2 test; Wilcoxon rank-sum test; Fisher exact test.
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Figure 1. Overview of M-CH mutations detected at MCL diagnosis. M-CH mutational landscape of patients with an available sample at MCL diagnosis. M-CH mutations

were detected at baseline in 34 of 254 patients (13.4%).
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Clinical characteristics of analyzed patients are shown in Table 1
and did not differ significantly from the cohort excluded from this
analysis except for lower lactate dehydrogenase levels (greater
than the upper limit of normal, 30% vs 48%, respectively;
P = .020). No difference was seen in clinical response rate after
ASCT between cohorts (complete remission, 91% vs 89%,
respectively; P = .5), although analyzed patients showed an
advantage in progression-free survival (PFS; 84-month PFS of
46% [95% CI, 40-53] vs 35% [95% CI, 23-53], respectively;
P = .034; supplemental Figure 1A) and overall survival (OS; 84-
month, OS 72% [95% CI, 67-79] vs 57% [95% CI, 43-75],
respectively; P = .031; supplemental Figure 1B), with more
patients proceeding to ASCT (87% vs 59%, respectively; P <
.001) and being randomized to lenalidomide maintenance (72% vs
50%, respectively; P = .004). After adjusting for age, sex, Mantle
Cell Lymphoma International Prognostic Index (MIPI) score, KI67,
bulky, BM involvement, and blastoid histology by Cox regression
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Figure 2. Prevalence and mutational profile of M-CH clones in MCL patients at dia

M-CH mutation types in MCL patients at diagnosis (A-B) and after ASCT (C-D).
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model, patients analyzed for M-CH showed no statistical significant
difference in terms of both PFS (hazard ratio [HR], 0.80 [0.51-
1.28]; P = .4) and OS (HR, 0.94 [0.51-1.76]; P = .9) compared
with the nonanalyzed cohort.

DNMT3A is the most frequent M-CH mutation in the

MCL0208 cohort

After filtering out variants potentially deriving fromMCL infiltration in BM
and PB samples (supplemental Table 1), 48 pathogenic mutations
involving M-CH candidate genes (including 35 nonsynonymous, 12
stop-gain, and 1 splicing) were detected in 34 of 254 patients (13%,
patients carrying at least 1 M-CH mutation with a VAF of ≥2% [M-
CH+]; Figure 1). Among patients who are M-CH+, the most frequent
mutated genes at baseline wereDNMT3A (17/34 [50%]), JAK2 (4/34
[12%]), ASXL1 (3/34 [9%]), and ETV6 (3/34 [9%]). Moreover,
focusing the analysis on the 191 patients with paired samples, the M-
CH prevalence at diagnosis increased with age (Figure 2A).
D
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different PFS and OS. (A) PFS. (B) OS.
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The number of mutations involving genes as DNTM3A and TET2
increased from diagnosis (Figure 2B) during treatment course and
follow-up (Figure 2C; supplemental Table 2) whereas mutations
involving genes such as ASXL1 and TP53 disappeared after
ASCT. Overall, the rising prevalence of M-CH clones with age was
also confirmed in post-ASCT samples. (Figure 2D). Of note, 15 of
191 (8%) patients developed new M-CH mutations after ASCT.
Interestingly, new mutations affecting M-CH candidate genes as
DNTM3A, SF3B1, KDM6A, PDGFRA, IDH1, and BRAF emerged
after ASCT. The median M-CH VAF at diagnosis and after ASCT
1810 RAGAINI et al
were comparable (4.12% [2.10%-71.96%] and 4.90% [2.30%-
43.35%], respectively; P = .4). As supplemental Figure 2
describes, M-CH VAFs mostly showed variable trajectories dur-
ing follow-up. Interestingly, all TP53 clones disappeared during
follow-up.

Large M-CH clones predict MCL progression and OS

Baseline characteristics were superimposable between patients
who are M-CH+ and those patients without M-CH mutations
(M-CH−), except for higher median age in those who are M-CH+
22 APRIL 2025 • VOLUME 9, NUMBER 8
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presented higher incidence of relapse mortality (P < .05). n.s., not significant.
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(60 years [46-66] vs 56 years [32-66], respectively; P = .011;
supplemental Table 1). After a median follow-up of 7 years, the
presence of M-CH did not significantly affect PFS (P = .457,
supplemental Figure 3A) or OS (P = .514, supplemental
Figure 3B). However, an M-CH VAF threshold of 10% predicted
shorter PFS (P = .006; Figure 3A) and OS (P = .006; Figure 3B).
Specifically, Cox regression analysis showed that large clonal
hematopoiesis of indeterminate potential clones (VAF of ≥10%,
n = 8) conferred higher risk of progression (HR, 2.93 [1.36-6.31];
P = .006) and death (HR, 3.02 [1.21-7.55]; P = .018) compared to
M-CH- patients. After applying propensity score adjustment for
baseline factors (age, sex, MIPI, Ki67, bulky, BM involvement, and
blastoid subtype), patients affected by large M-CH clones still
showed shorter PFS (HR, 2.27 [1.03-5.01]; P = .042) and a trend
toward worse OS (HR, 1.87 [0.71-4.87]; P = .203). Importantly,
the competing risks analysis demonstrates that the worse clinical
outcome exhibited by patients carrying large clones is linked to
MCL progression (P < .05; Figure 4) rather than acute or late
toxicity events or secondary cancers occurrence.

Interestingly, large M-CH clones were associated with higher
baseline lymphocytes values (median, 13 vs 2 cells per μL; P = .01)
and lower platelets count (median: 129 × 109/L vs 191 × 109/L;
P = .035) than patients without M-CH clones or with small clones
(supplemental Table 4). In addition, patients with large M-CH
clones were also characterized by less favorable MIPI (high risk,
62% vs 13%; P = .003) and combined MIPI (high risk, 57% vs 6%;
P = .002) scores. Conversely, CH clones identified after ASCT did
not affect patient outcome (72 months after ASCT PFS, 49%
[41%-58%] vs 56% [39%-81%], respectively; P = .53, and
22 APRIL 2025 • VOLUME 9, NUMBER 8
72 months after ASCT OS, 75% [68%-83%] vs 82% [68%-
100%], respectively; P = .81; supplemental Figure 4), indepen-
dently from the size of the clones (supplemental Figure 5).

M-CH affects hematological recovery after ASCT

Despite that no significant differences emerged between patients
who are M-CH+ and those who are M-CH− at baseline in terms of
hematological toxicity after induction chemotherapy or overall
hematological recovery after ASCT (Table 2), interestingly, patients
who are M-CH+ exhibited a near-significant trend to a delayed
thrombocytes recovery after ASCT compared with the remaining
cohort (median days from ASCT to platelet count of ≥20 × 109/L:
15 vs 13, respectively; P = .053). This trend was even more rele-
vant among patients with large M-CH clones vs small or no clones
(median days: 16 vs 13, respectively; P = .026; supplemental
Table 3) and in patients with M-CH detected after ASCT
(median days: 16 vs 13, respectively; P = .016), as shown in
Table 2. Nonetheless, no difference in median number of lenali-
domide cycles or dose reduction and no higher incidence of sec-
ondary cancers was observed between M-CH+ and M-CH–

subgroups. Of 254 patients analyzed for M-CH, 7 patients (2.7%)
developed a secondary hematological cancer (5 cases of myelo-
dysplastic neoplasms, 1 case of acute myeloid leukemia, and 1
case of acute lymphoblastic leukemia). The 6 cases of t-MNs were
observed at a median time from ASCT of 36.5 months (21-63).
Interestingly, only 1 patient who developed myelodysplastic neo-
plasms after ASCT (without lenalidomide maintenance, time from
ASCT to t-MNs was 39 months) had 2 newly arising M-CH
mutations after autologous transplantation, namely DNTM3A and
LARGE CLONES OF M-CH AFFECT MCL OUTCOME 1811



Table 2. Overview of chemotherapy- and lenalidomide-related toxicity according to M-CH status at MCL diagnosis and after ASCT

Characteristic

M-CH analyzed at diagnosis M-CH analyzed after ASCT

Patients who are M-CH
−

at diagnosis, n = 220*

Patients who are M-CH
+

at diagnosis, n = 34* P value†

Patients who are

M-CH−
after ASCT,

n = 167*

Patients who

are M-CH+
after ASCT,

n = 24* P value‡

Hematological toxicity after first R-CHOP .2 .2

G1-G2 35 (16%) 3 (8.8%) 21 (13%) 6 (25%)

G3-G4 30 (14%) 8 (24%) 22 (13%) 4 (17%)

No toxicity 154 (70%) 23 (68%) 124 (74%) 14 (58%)

NA 1 0

Hematological toxicity after second R-CHOP .4 .7

G1-G2 35 (16%) 3 (8.8%) 21 (13%) 4 (17%)

G3-G4 24 (11%) 6 (18%) 19 (11%) 3 (12%)

No toxicity 160 (73%) 25 (74%) 127 (76%) 17 (71%)

NA 1 0

Hematological toxicity after third R-CHOP .6 .3

G1-G2 40 (18%) 4 (12%) 26 (16%) 5 (21%)

G3-G4 28 (13%) 6 (18%) 20 (12%) 5 (21%)

No toxicity 151 (69%) 24 (71%) 121 (72%) 14 (58%)

NA 1 0

Hematological toxicity after R-CTX .2 .013

G1-G2 14 (6.7%) 0 (0%) 10 (6.0%) 2 (8.3%)

G3-G4 115 (55%) 23 (70%) 88 (53%) 19 (79%)

No toxicity 81 (39%) 10 (30%) 69 (41%) 3 (12%)

NA 10 1

Hematological recovery after ASCT 136 (87%) 19 (100%) .13 117 (89%) 15 (94%) >.9

NA 64 15 35 8

Days from ASCT to neutrophils ≥ 0.5 × 109/L .11 .5

Median (range) 10 (6-70) 11 (3-19) 10 (7-70) 11 (3-13)

NA 46 9 17 5

Days from ASCT to neutrophils ≥ 1.0 × 109/L .11 .7

Median (range) 11 (4-132) 12 (10-27) 11 (4-132) 11 (10-14)

NA 56 11 25 8

Days from ASCT to PLTS of ≥20 (×10
9
/L) .053 .016

Median (range) 13 (3-145) 15 (6-54) 13 (3-145) 16 (7-29)

NA 44 10 18 4

Days from ASCT to PLTS of ≥50 (×109/L) .6 .3

Median (range) 18 (6-726) 20 (14-45) 19 (6-726) 21 (12-50)

NA 67 15 35 9

Randomized patients 157 (71%) 25 (74%) .8 138 (83%) 22 (92%) .4

Randomized to lenalidomide 74 (34%) 8 (24%) .2 61 (37%) 6 (25%) .3

Lenalidomide completed cycles, n .5 .4

Median (range) 20 (0-24) 17 (0-24) 20 (0-24) 16 (0-24)

NA 136 24 96 16

Boldface values indicate statistically significant P values (P < .05). G1-G2, grade 1 or grade 2 toxicity; G3-G4, grade 3 or grade 4 toxicity; NA, data not available; PLTS, platelets; R-CTX,
rituximab in combination with cyclophosphamide.
*n (%).
†Pearson χ2 test; Fisher exact test; Wilcoxon rank-sum test.
‡Fishers exact test; Pearson χ2 test; Wilcoxon rank-sum test.
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Table 2 (continued)

Characteristic

M-CH analyzed at diagnosis M-CH analyzed after ASCT

Patients who are M-CH
−

at diagnosis, n = 220*

Patients who are M-CH
+

at diagnosis, n = 34* P value†

Patients who are

M-CH− after ASCT,

n = 167*

Patients who

are M-CH+ after ASCT,

n = 24* P value‡

Lenalidomide dose reduction (%) .3 .3

Median (range) 34 (0-100) 57 (0-100) 37 (0-100) 26 (0-100)

NA 136 24 96 16

Skin secondary cancer 2 (0.9%) 0 (0%) >.9 1 (0.6%) 0 (0%) >.9

Secondary cancer (no skin) 19 (8.6%) 1 (2.9%) .5 14 (8.4%) 1 (4.2%) .7

Therapy-related hematological cancer 7 (3.2%) 0 (0%) .6 6 (3.6%) 1 (4.2%) >.9

Boldface values indicate statistically significant P values (P < .05). G1-G2, grade 1 or grade 2 toxicity; G3-G4, grade 3 or grade 4 toxicity; NA, data not available; PLTS, platelets; R-CTX,
rituximab in combination with cyclophosphamide.
*n (%).
†Pearson χ2 test; Fisher exact test; Wilcoxon rank-sum test.
‡Fishers exact test; Pearson χ2 test; Wilcoxon rank-sum test.
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IDH1 (VAF of 6.53% and 5.03%, respectively). Retrospective
analysis of the baseline sample from the patient showing DNTM3A
and IDH1 emerging M-CH mutations also identified a small
DNTM3A clone (VAF of 0.6%) at the time of MCL diagnosis,
previously excluded from analysis because it was below the 2%
VAF threshold. Moreover, no small IDH1 clones were detected at
the time of MCL diagnosis.

Discussion

In this study, we characterized the mutational landscape of M-CH
throughout induction chemoimmunotherapy and ASCT in a large
subset of young patients with MCL enrolled in the FIL MCL0208
phase 3 trial. We dynamically explored the potential correlations
between M-CH clones, patient clinical features, survival, and tox-
icities. To our knowledge, this is, to our knowledge, the first study
investigating this issue in paired samples collected in a prospective
trial because previous evidence referring to M-CH in patients with
MCL only relied on MRD-negative cohorts after ASCT15 or small
series of relapsed/refractory cases.16

First, although a formal comparison was not the focus of our work,
we found higher age-adjusted baseline M-CH prevalence in
patients with MCL than previously reported in people unselected
for cancer or hematological phenotypes.3,4 Interestingly, we found
shorter PFS and OS in patients with large M-CH clones (VAF ≥
10%) at time of diagnosis. To filter out potential bias, we con-
ducted a competing risk analysis, confirming MCL progression as
the primary cause of increased mortality in these patients. Addi-
tionally, we provided a propensity score analysis to validate the
adverse effect of large M-CH clones on PFS, mitigating any
potential confounding factors introduced by baseline MCL prog-
nostic characteristics. Despite the differences in VAF threshold
chosen by different authors to define M-CH clones, the demon-
strated correlation between M-CH and PFS in patients with MCL is
in line with those previously exhibited in cohort of relapsed/
refractory patients from the PHILEMON trial.16 Speculatively, as
clonal hematopoiesis may modulate the function of several
hematopoietic cells in the osteo-hematopoietic niche,22 our find-
ings might suggest a role for M-CH in shaping the tumor
22 APRIL 2025 • VOLUME 9, NUMBER 8
microenvironment in a MCL-permissive manner. Indeed, in contrast
to T-cell lymphomas,9 M-CH mutations in genes such as DNMT3A
do not appear to also be present in MCL cells,21 suggesting a role
of tumor-extrinsic mechanisms for M-CH clones. However, the
possibility that both processes are expressions of a common
underlying permissive aberration cannot be ruled out by our find-
ings. Although we were not able to assess an increased hemato-
logical toxicity in patients harboring large M-CH mutations, the
lower baseline median platelet counts and the longer time intervals
to platelets engraftment after ASCT observed in patients with large
M-CH clones might also point toward the idea of a perturbed
microenvironment with impaired hematopoietic function. Of note,
the delayed platelet recovery after ASCT in patients harboring M-
CH clones appears to be consistent with previously published
patient series.23 Interestingly, the availability of paired samples
collected both at the time of MCL diagnosis and after ASCT
allowed us to assess that 7% of patients developed de novo M-CH
clones after ASCT. Moreover, as expected,24 we observed a vari-
able evolution of M-CH clone sizes throughout treatment course,
with new clones emerging and previously existing clones reducing
under the pressure of cytotoxic chemotherapy. Speculatively, it is
possible that chemotherapy and ASCT also led to a reduction of
M-CH clones, including TP53 below the threshold of detectability,
resulting in their disappearance. In addition, neither of the 2
patients with M-CH TP53 clones received lenalidomide after
ASCT, which is known to confer a selective advantage to
TP53-mutant hematopoietic progenitor cells.25 Notably, we did not
observe higher incidence of hematological secondary cancers in
patients with M-CH: in detail, only 1 M-CH+ case developed a
myelodysplastic syndrome after ASCT. This was driven by the
expansion of a DNMT3A clone and the acquisition of an emerging
IDH1 mutation, which was not detectable at the time of MCL
diagnosis. In agreement to our findings, Eskelund et al15 reported
that only 1 of 4 patients who developed t-MNs in their cohort of
149 patients with MCL was a carrier of a M-CH clone.

Collectively, these data suggest that most of t-MNs appear not to
be related to the expansion of M-CH detectable at the time of MCL
diagnosis but rather to newly occurrent myeloid clones consequent
to genotoxic therapies. However, it is possible that some of the
LARGE CLONES OF M-CH AFFECT MCL OUTCOME 1813
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M-CH clones were present at a very low level before the start of
chemotherapy and could only be detected by ultra-sensitive
sequencing techniques.

The main strengths of this study derive from the large and evenly
treated cohort provided by MCL0208 clinical trial and the long
follow-up of the study. However, potential limitations are to be
considered. One limitation might be related to the flow-based
algorithm applied to rule out possible, even minimal, lymphoma
contamination in the samples analyzed for M-CH: this issue might
have underpowered our observations, especially in the PB in which
M-CH analysis was performed on neutrophils separated by Ficoll
and, thus, in samples already highly representative of the myeloid
lineage. In addition, samples from early-progressing patients are
lacking in our series and this might have introduced a bias in the
retrospective selection of patients for M-CH analysis.

Taken together, our findings offer novel insights in MCL biology by
dynamically characterizing the M-CH landscape in these patients.
We propose that large M-CH clones may exert a not-negligible role
in lymphoma progression, potentially affecting patient outcome.
Further efforts are required to elucidate how M-CH might influence
the tumor microenvironment and eventually affect the survival of
MCL cells and their response to treatment. In conclusion, this work
sheds light onto the emerging role of large M-CH clones in shaping
MCL clinical progression, paving the way to new future studies
focused on the potential causal mechanisms by which M-CH may
influence MCL outcome.
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