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In chronic lymphocytic leukemia (CLL), presence of complex
karyotype (CKT; ie, $3 chromosomal abnormalities in $2 meta-
phases) has adverse prognostic significance.1-5 The impact of
targeted agents on CLL patients with CKT has been analyzed
retrospectively and mostly in patients with relapsed/refractory
(R/R) CLL. Although treatment with idelalisib plus rituximab
seems to have comparable efficacy in patients with R/R, both
with and without CKT (NCKT),6 data on ibrutinib indicate
adverse outcomes in patients with CKT.3 Limited data on CKT
and venetoclax monotherapy are available, with 1 analysis
indicating poorer outcomes in patients with CKT and 1 analysis
showing unaltered efficacy in CKT patients.7,8 In contrast to
patients with R/R, CLL treated with ibrutinib, patients with
previously untreated CLL who receive frontline ibrutinib have
comparable progression-free survival (PFS), irrespective of CKT,
as recent data suggest.9,10

The CLL14 trial was a global, randomized, phase 3 trial that
demonstrated improved PFS of fixed-duration venetoclax plus
obinutuzumab (VenG) as compared with chlorambucil plus
obinutuzumab (ClbG) across all high-risk groups, including pa-
tients with TP53 aberrations and unmutated IGHV status.11 Here,
we present the first analysis of the impact of CKT on the clinical
outcomes of patients treated with VenG vs ClbG.

Chromosome analysis was successfully performed in 397 (91.9%)
of 432 patients (supplemental material). This consisted of 197
and 200 patients from the ClbG and VenG treatment groups,
respectively (supplemental Table 1). Overall, CKT was found
in 30 patients (15.2%) in the ClbG arm and 34 (17.0%) in the
VenG arm. In the ClbG arm, median age was 71 years in NCKT
patients and 74 in CKT patients. Thirteen patients with NCKT
(8.0%) and 9 patients with CKT (31.0%) had a del(17p) or
TP53 mutation or both. Unmutated IGHV status was detected
in 95 patients with NCKT (58.6%) and 18 patients with CKT
(62.1%). The study was registered at www.clinicaltrials.gov
as #NCT02242942 and http://www.clinicaltrialsregister.eu as
#EudraCT2014-001810-24.

For the VenG arm, median age was 72 years in patients with
NCKT and 69 years in patients with CKT. Twelve patients with
NCKT (7.4%) and 11 patients with CKT (33.3%) had a del(17p)
or TP53 mutation or both. Unmutated IGHV status was de-
tected in 96 patients with NCKT (61.5%) and 20 patients with
CKT (66.7%).

In both arms, most patients with CKT were in the high or very
high CLL International Prognostic Index risk group (82.2%
and 79.3%, respectively), which was comparable to patients
with NCKT.

In the ClbG arm, overall response rate (ORR) 3 months after
treatment completion was lower in patients with CKT (50%) than
in patients without CKT (78%; P5 .003; Figure 1A). Likewise, the
rate of complete responses was 10% in the CKT group and
27.5% in the NCKT group (P 5 .041). In contrast, no differ-
ences were observed between patients with CKT and NCKT
in the VenG arm, with ORRs of 82.4% and 87.3% (P 5 .42),
respectively, and complete response rates of 50.0% and
51.8% (P 5 .85), respectively.

The rate of MRD negativity (,1024) in the ClbG arm 3 months
after treatment completion was lower in patients with CKT than
in patients with NCKT in peripheral blood (20.0% vs 40.1%;
P 5 .041) as well as bone marrow (0.0% vs 22.2%; P 5 .002;
Figure 1B). The rates of patients with intermediate MRD levels
($1024 and ,1022) were comparable in patients with CKT and
NCKT, both in peripheral blood (13.3% vs 24.0%; P 5 .60) and
bone marrow (20.0% vs 25.1%; P 5 .56).

In the VenG arm, the rates of MRD negativity did not differ
significantly between patients with CKT and NCKT, at 79.4% vs
77.1% (P5 1.0) in peripheral blood and 58.8% vs 57.8% (P5 1.0)
in bone marrow. Similarly, the rates of intermediate MRD levels
were comparable in peripheral blood (5.9% vs 4.8%; P5 .69) and
bone marrow (5.9% vs 6.6%; P 5 1.0).

Median PFS in the ClbG arm was 19.4 months (2-year PFS rate,
36.6%) in patients with CKT, which was significantly shorter than
in patients with NCKT, where median was not reached (NR;
2-year PFS rate, 69.6%; hazard ratio [HR], 2.790; 95% confidence
interval [CI], 1.631-4.772; P , .001; Figure 2A). OS was signif-
icantly shorter in patients with CKT vs NCKT (median, NR; 2-year
OS rate, 82.7% and 95.1%, respectively; HR, 3.736; 95% CI,
1.357-10.287; P 5 .006; Figure 2E).

In the VenG arm, median PFS was NR in the CKT or the NCKT
group, and no statistically significant differences were observed
between groups (2-year PFS rate, 78.9% and 91.1%, respectively;
HR, 1.909; 95% CI, 0.806-4.520; Figure 2B). No statistically
significant differences in OS were observed between patients
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with CKT and NCKT (median, NR; 2-year-OS rate, 88.2% and
93.2%; HR, 1.511; 95% CI, 0.496-4.600; Figure 2F).

Presence of a del(17p) or TP53 mutation in patients with CKT
altered PFS compared with patients without a del(17p) or TP53
mutation in the ClbG arm (HR, 2.103; 95% CI, 0.795-5.567) but
not in the VenG arm (HR, 1.419; 95% CI, 0.317-6.353; Figure
2C-D), although the differences did not reach statistical sig-
nificance. OS was not affected by presence of a del(17p) or

TP53mutation in the ClbG arm (HR and CI not evaluable) or the
VenG arm (HR, 0.620; 95% CI, 0.064-5.962) in the CKT group
(Figure 2G-H).

Because the number of chromosomal aberrations has been
suggested to correlate with prognosis,12 in a separate ap-
proach, patients with CKT were separated into a group with
HCKT (ie, with $5 chromosomal aberrations) and a group with
,5 but $3 aberrations (ICKT). Overall, HCKT was detected in
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Figure 1. Response to treatment. Rates of complete re-
sponse (CR) and partial response (PR) (A) and rates of mea-
surable residual disease (MRD) negativity (MRD negative, 1024;
MRD intermediate,$1024 and,1022; MRD positive,$1022) in
peripheral blood (B) and bone marrow (C) 3 months after
completion of treatment, according to treatment with ClbG
or VenG and according to CKT or NCKT status. MRD rates are
reported in the intention-to-treat population and 3 months
after completion of treatment; therefore, patients who pro-
gressed before this time point were censored at last tumor
assessment, and those with missing sample were reported as
no sample/not evaluable.
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10 patients in the ClbG arm (5.1%) and 11 patients in the VenG
arm (5.5%); ICKT was detected in 20 (10.2%) and 23 (11.5%),
respectively. Response rates, rates of MRD negativity, and PFS

and OS rates (supplemental Figure 1A-B) did not differ sig-
nificantly between patients with ICKT and HCKT (supplemental
Methods).
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Figure 2. Progression-free and overall survival. Kaplan-Meier
plots of PFS (A-D) and overall survival (OS) (E-H) for patients
treated with ClbG (A,C,E,G) and VenG (B,D,F,H) according to pres-
ence of del(17p) or TP53 mutation (TP53del/mut) or TP53 wild
type (TP53WT) as well as CKT, NCKT, or highly CKT (HCKT)/
intermediate CKT (ICKT) status.
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The analysis of the CLL14 trial confirms previous reports on
CKT in Clb-based treatments in 197 ClbG-treated patients with
successful karyotyping.4,13,14 CKT patients not only had a lower
ORR and rate of MRD negativity but also had a significantly
shorter PFS as well OS vs NCKT patients. Again, this effect was
observed irrespective of presence of del(17p) or TP53mutation,
which supports the assumption that CKT might be an inde-
pendent adverse prognostic factor.

The results with VenG consistently showed similar efficacy re-
garding ORR, PFS, and OS in CKT and NCKT patients. A ten-
dency toward shorter PFS can be derived from the Kaplan-Meier
plots; however, this difference did not reach statistical signifi-
cance, and given that, in contrast to the ClbG arm, response and
MRD rates did not differ between patients with CKT andNCKT, it
stands to reason that VenG has similar efficacy in patients with
CKT as in patients with NCKT. Longer follow-up is warranted to
see whether these deep responses are maintained in patients
with both CKT and NCKT.

In summary, this analysis shows that CKT can be frequently
observed in elderly, treatment-naı̈ve patients with CLL. Frontline
treatment with VenG, but not ClbG, shows similar efficacy in
patients with CKT and NCKT. Therefore, patients with CKT
might particularly benefit from upfront treatment with novel
agents.
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Co-occurrence of DNMT3A, NPM1, FLT3 mutations
identifies a subset of acute myeloid leukemia with
adverse prognosis
Matheus F. Bezerra,1,2 Aleide S. Lima,3 Maria-Riera Piqué-Borràs,4 Douglas R. Silveira,5,6 Juan L. Coelho-Silva,3,7 Diego A. Pereira-Martins,3,7
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The impact of mutations in DNA methyltransferase 3 a

(DNMT3A) at diagnosis as a prognostic marker in acute
myeloid leukemia (AML) has been contradictory so far.1-3

These discrepancies most likely arise from differences of thera-
peutic protocols used. Most important, few if any studies have
evaluated the clinical importance of the 3-way co-occurrence of
mutations affecting DNMT3A, nucleophosmin (NPM1), and fms-
like tyrosine kinase 3 (FLT3) genes (in particular FLT3 length
mutations or FLT3–internal tandem duplication (ITD) for “internal
tandemduplication”) in patients treatedoutside ofwell-controlled
clinical trials, a real-life setting that represents most low- and
middle-income countries. Hence, we assessed the frequency and
clinical impact of DNMT3A mutations and the co-occurrence
of DNMT3A/NPM1/FLT3-ITD mutations on treatment out-
comes of nonselected AML patients, followed from June 2003
to January 2019 at 5 Brazilian reference centers specialized on
AML treatment.

Bone marrow samples from 507 consecutive patients with de
novo AML (median age, 51 years; range, 18-94 years; 47% male)
were obtained at diagnosis. Patients with acute promyelocytic
leukemia, therapy-related AML, or with a previous history of
myelodysplastic syndrome were excluded. Details for treatment
protocols can be found in the supplemental Methods, available
on the Blood Web site. The study adhered to the tenets of the
Declaration of Helsinki and informed consents were obtained
from all patients or their relatives. The local Research Ethics Board
of each participating center approved the study.

The DNMT3A and NPM1 mutations were analyzed by standard
sequencing techniques. Details are described in supplemental
Methods. Screening for FLT3-ITD mutations was performed by

polymerase chain reaction according to the method of Kiyoi
et al.4 In parallel, we explored the FLT3 allelic ratio in patients
with the FLT3-ITD mutated status. FLT3-tyrosine kinase domain
mutations were not evaluated in this study. Because most of the
DNMT3A mutations in myeloid neoplasms occur at exon 23,
with a significant enrichment for mutations at codon R882,5,6 we
evaluated the mutational and phenotypic profile of patients
harboring DNMT3A-R882 and non-R882 mutations using The
Cancer Genome Atlas database (TCGA) data set.5 We observed
that NPM1 and FLT3-ITD mutations were significantly enriched
in DNMT3A-R882 when compared with non-R882 mutations or
DNMT3A wild type (supplemental Figure 1). Therefore, based
on its biological and clinical significance3,7-10 and our own ex-
perience, screening for DNMT3A mutations was restricted to
the codon R882.

DNMT3A-R882 mutations were detected in 64 of 507 patients
(13%), most of them identified as R882H (49 of 64; 76%), fol-
lowed by R882C (12 of 64; 19%), and R882P (3 of 64; 5%).
Samples without detectable DNMT3A-R882 mutations or car-
rying single-nucleotide polymorphisms are referenced here as
“DNMT3A nonmutated.” To decide which variables to include in
the multivariate Cox proportional hazard model, we performed
a backward elimination analysis using the Akaike Information
Criteria (AIC) as fitness measure and getting the best-fitted
model (supplemental Table 1). The basis (indispensable) vari-
able used was cytogenetic risk stratification. Treatment-related
variables were not included in the multivariate model due to the
biased nature of a retrospective study.

The clinical and baseline characteristics are summarized in
Table 1. Overall, 302 of 507 patients (60%) achieved complete
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