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Venetoclax induces rapid elimination of NPM1 mutant
measurable residual disease in combination with low-intensity
chemotherapy in acute myeloid leukaemia
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NPMI mutations (mut) represent the largest (27-35%)
molecular subgroup of acute myeloid leukaemia (AML).
Suboptimal reduction in the level of NPMI™"" measurable
residual disease (MRD) after chemotherapy is associated with
relapse and poor overall survival."? Molecular relapse or pro-
gression after completion of therapy is invariably associated
with clinical relapse.">* Detection of NPMI™"-MRD prior

Based on promising results in older adults with acute myeloid leukaemia (AML),
we treated patients with NPMI™" measurable residual disease (MRD) using off-la-
bel venetoclax in combination with low-dose cytarabine or azacitidine. Twelve con-
secutive patients were retrospectively identified, including five with molecular
persistence and seven with molecular relapse/progression. All patients with molecu-
lar persistence achieved durable molecular complete remission (CRygrp.) without
transplantation. Six of seven patients with molecular relapse/progression achieved
CRumrp. after 1-2 cycles of venetoclax. This paper highlights the promising efficacy
of venetoclax-based therapy to reduce the relapse risk in patients with persistent or
rising NPM1™" MRD.
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to allogeneic haematopoietic stem cell transplantation
(HSCT) is associated with inferior survival.>™®

It is not known if pre-emptive intervention can alter the
natural history of NPMI™-MRD positivity. In the NCRI
AMLI17 trial, intensive chemotherapy was given to 27
patients with molecular relapse of whom 16 (59%) achieved
MRD negativity.” In the RELAZA2 study, azacitidine
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suppressed NPMI™"-MRD levels to <1% in 17/33 (52%)
patients; relapse-free survival (RFS) was superior in patients
rendered MRD-negative.’

Among elderly patients with NPMI™* AML unfit for
intensive chemotherapy, complete remission (CR/CRi) rates
of 89 and 91% were achieved with venetoclax and low-dose
cytarabine (LDAC) or a hypomethylating agent (HMA)
respectively.'®" In addition, NPMI™" molecular complete
remission (CRyrp.) was achieved rapidly and durably for
>24 months.'”> We therefore hypothesised that venetoclax-
based regimens could represent an effective low-intensity
option for NPMI™" patients with molecular failure.

Patients and methods

mut

The participating hospitals routinely monitored NPMI
MRD. We retrospectively identified consecutive patients with
NPMI™ AML with: (i) molecular persistence (cohort 1):
any detectable transcript level after completion of chemother-
apy, and (ii) molecular relapse or progression (cohort 2): re-
emergent or rising transcript level of >1 log;, confirmed by
second sample, unless the level was >1%. Patients had
received induction chemotherapy containing an anthracycline
and cytarabine followed by 0-3 cycles of consolidation. This
study was approved by local ethics committees in accordance
with the Declaration of Helsinki. Informed consent from
subjects was waived for this retrospective study.

Patients were treated at the discretion of clinicians using off-
label venetoclax (400-600 mg PO daily for 14-28 days) in com-
bination with LDAC (20 mg/m* SC daily for 7-10 days) or
azacitidine (75 mg/m?* SC daily for 5-7 days), between August
2017 and February 2019 (Table SI). Initial AML diagnoses were
between October 2016 and January 2019. No dose ramp-up was
used. If concurrent strong CYP3A4 inhibitor (e.g. posaconazole)
was used, venetoclax was reduced to 100 mg daily."” Prophy-
laxis for tumour lysis syndrome was not given.

All NPMI™" MRD cases were analysed from bone mar-
row source using mutant-specific reverse transcription quan-
titative polymerase chain reaction (RT-qPCR) as previously
described,' according to Europe Against Cancer (EAC) crite-
ria'"* and using ABL as housekeeping gene. MRD results are
expressed relative to the diagnostic samples (%). The median
sensitivity was 2 x 107° (range 5 x 107> to 3 x 1077).
Other mutation testing was performed by certified molecular
diagnostic laboratories with approximately 5% sensitivity.

Results

Zmut

Venetoclax rapidly eliminates NPM molecular

persistence (cohort 1)

Five patients (age 59-79 years) had persistent NPMI™"-MRD
(median 0-0039%, range 0-001-0-009%) at the end of
chemotherapy (Table I), including 3/5 with concurrent
DNMT3A mutations and one with a concurrent IDH2 mutation.

Short Report

One patient (case 5) had a complicated course after a single cycle
of 7 + 3 induction and received no further chemotherapy.

All five patients achieved CRyrp. in response to veneto-
clax with either LDAC (n = 4) or azacitidine (n = 1) follow-
ing one (n = 2), two (n = 1) or four cycles (n = 2; one did
not have MRD assessment between cycles 1 and 4) of therapy
(Fig 1 and Figure S1). The median RFS was not reached after
a median follow-up of 20 months (range 7-8-31-3 months);
no patient experienced disease progression (Figure S2) and
none received an HSCT. Case narratives are shown in the
Supporting information.

A variable number of cycles were received: two received
four planned cycles, one received 16 cycles (six in combina-
tion with azacitidine) and treatment is ongoing in two
patients (3+ and 10+ cycles).

Venetoclax rapidly eliminates re-emergent and/or rising
NPM1"™" MRD (cohort 2)

Seven patients (age 25-81 years) with NPMI™" molecular pro-
gression (n=5) or relapse (n =2) after prior intensive
chemotherapy were treated with venetoclax with either LDAC
(n = 5) or azacitidine (n = 2) (Fig 1). One patient (case 8) was
in second morphological remission. MRD-directed approaches
prior to venetoclax included HSCT (case 8), fludarabine, cytara-
bine, idarubicin, and granulocyte colony-stimulating factor
(FLAG-Ida) (case 7) and azacitidine (case 6). Another patient
(case 12) received venetoclax with an MCLI inhibitor on a clini-
cal trial, achieved 2-1 log reduction, but was withdrawn from
trial due to toxicity. The median NPMI™"-MRD level prior to
venetoclax-based intervention was 0-0208% (range 0-0090—
14-1264%) (Table I).

CRmrp- was achieved in 6/7 patients (86%) after 1-2 cycles
of therapy. Case 10 was the only patient not rendered molecu-
larly negative; this patient subsequently underwent a myeloab-
lative HSCT while MRD-positive but relapsed soon thereafter
with a newly emergent FLT3-ITD clone (allelic ratio 0-09);
baseline mutations (NPM1, IDH2 and DNMT3A) were persis-
tent at relapse. Three patients received HSCT while MRD-neg-
ative: one (case 7) died from non-relapse mortality and two
(cases 9 and 11) remained alive 10 and nine months post-
HSCT respectively. One patient (case 8) received a donor lym-
phocyte infusion after one cycle of venetoclax and azacitidine,
with plan for ongoing venetoclax therapy. Two other patients
(age 69 and 81 years) were deemed unfit for HSCT and con-
tinued to receive venetoclax.

None of the six responding patients had subsequently expe-
rienced molecular or haematological relapse after a median of
10-8 months follow-up (range 3-6-13-1 months) (Figure S2).
Case narratives are shown in the Supporting information.

Tolerability

Venetoclax in combination with LDAC/HMA was well toler-
ated with cytopenias manageable by dose reduction in six
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Table I. Summary of patient characteristics and response to venetoclax in combination with low-intensity chemotherapy.

Best MRD
Regimen Other molecular Prior Prior MRD ~ MRD level response  Subsequent RFS
Case # Age/sex (no. cycle) features chemotherapy  intervention  pre-Ven (%) (%) HSCT (months)
Cohort 1: NPMI™"* MRD molecular persistence
1 71/M VEN-AZA (x6) NK, DNMT3A, DA3+10 GO+ 0.0039 MRD — 31.3*
VEN (x10) TET2, FLT3-TKD DA3+8 Aza Neg
IDAC
FLAG-Ida
2 79/F VEN-LDAC (3+) NK DA3+10 — 0.0038 MRD — 7.8%
DA2+8 Neg
IDAC+GO
3 67/F VEN-LDAC (4) NK, DNMT3A 7+3 — 0.0039 MRD — 22.2%
IDACH2 (x2) Neg
4 59/F VEN-LDAC (4) NK, IDH2 R140 7+3 — 0.0010 MRD — 20.0*
IDACH2 (x2) Neg
5 62/M VEN-LDAC (10+) +21, DNMT3A, 7+3 — 0.0093 MRD — 11.7*
TET2, FLT3-TKD Neg
Cohort 2: NPMI™"* MRD molecular progression/relapse
6 81/M VEN-AZA (4+) NK, IDHI1, SRSF2  DA+GO Aza 0.0090 MRD — 11.8%
FLT3-TKD DA3+8 Neg
7 41/F VEN-LDAC (2) NK, FLT3-TKD DA+GO FLAG-Ida 0.0168 MRD Yes 4.97
HiDAC (x3) Neg
8 29/M VEN-AZA (2+) NK, FLT3-TKD FLAG-Ida (x2) HSCT + DLI  0.0206 MRD DLI 3.6
Neg
9 52/M VEN-LDAC (2) NK IDAC+3 — 14.1264 MRD Yes 12.4*
IDAC+2 Neg
10 35/F VEN-LDAC (2) NK, DNMT3A 7+3 — 10.8569 2.4916 Yes 5,67
IDH2 R140 IDAC
HiDAC (x2)
11 51/M VEN-LDAC (1) NK, FLT3-ITD IDAC+3 — 0.0168 MRD Yes 10.8%
IcE (x2) Neg
12 69/M VEN-LDAC (7+) NK, DNMT3A 7+3 Ven-MCL1i 1.4518 MRD — 5.9%
IDAC (x2) Neg

Aza, azacitidine; DA, daunorubicin and cytarabine; DLI, donor lymphocyte infusion; FLAG-Ida, fludarabine, cytarabine, G-CSF and idarubicin;
GO, gemtuzumab ozogamicin; HiDAC, high-dose cytarabine; HSCT, allogeneic hematopoietic stem cell transplantation; IcE, idarubicin (9 mg/m2
D1-2), cytarabine (100 mg/m? continuous infusion D1-5) and etoposide (75 mg/m?> D1-5); IDAC, intermediate dose cytarabine; IDAC+2,
cytarabine (1-1.5 g/m2 BD D1,3,5) and idarubicin (12 mg/m2 D1-2); IDAC+3, cytarabine (1-1.5 g/m2 D1,3,5,7) and idarubicin (12 mg/m2 D1-
3); ITD, internal tandem duplication; LDAC, low-dose cytarabine; MCL1i, MCLI inhibitor; MRD, measurable residual disease; Neg, negative;
NK, normal karyotype; Rel, relapse; RFS, relapse-free survival; TKD, tyrosine kinase domain; Ven, venetoclax.

*Ongoing therapy/alive.

TDeceased.

(50%) patients. Patients were treated as outpatients and . .
. . . . Discussion
rarely needed transfusions. Febrile neutropenia occurred in

two patients (17%): one developed invasive fungal infection Venetoclax with either LDAC or azacitidine had encouraging

and another grade 4 lung infection (Table SI). Grade 4 neu- activity in eradicating persistent or relapsing NPM1™*-MRD

tropenia occurred in eight patients (67%; 6/9 for LDAC and
2/3 for azacitidine): median duration was 85 days [in-
terquartile range (IQR) 6-13 days]. Grade 4 thrombocytope-
nia occurred in five patients (42%; 4/9 for LDAC and 1/3 for
azacitidine): median duration was eight days (IQR 3-
22-5 days). Case 7 was heavily pretreated including a cycle of
FLAG-Ida before receiving venetoclax and developed pro-
longed grade 4 neutropenia (49 days) and thrombocytopenia
(72 days).

1028

after intensive chemotherapy. None of the 11 (92%) patients
achieving CRyrp. have relapsed with a median follow-up of
11-8 months (range 3-6-31-3 months). The treatment was
deliverable in the outpatient setting, did not require tumour
lysis prophylaxis and was well tolerated with grade > 3 non-
haematological toxicities observed in two (17%) patients.
There is currently no consensus on how to manage
patients with detectable MRD at end of chemotherapy. In
the NCRI AMLI17 trial, NPMI1™ -MRD remained detectable
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Fig 1. Swimmer plot of patients treated with venetoclax in combination with low-intensity chemotherapy for molecular persistence (cohort 1:

cases 1-5) and progression (cohort 2: cases 6-12).

in the bone marrow in approximately 25% of patients post
four courses of chemotherapy;' two-year RFS was 50% for
these patients (Figure S3). Here we demonstrated all five
patients in first cohort with persistent NPMI1™"" successfully
achieved negative MRD and remained free of molecular or
morphological ~ progression  after
31-3 months without HSCT.

Serially rising NPMI™" transcript levels are inevitably
associated with haematological relapse."”* In NCRI AMLI17,
27 patients received salvage chemotherapy [16 (59%)

follow-up of 7-8-

attained CRyrp.] followed by HSCT for molecular relapse;’
estimated RFS was 66% at two years (Figure S4). In our sec-
ond cohort, 6/7 (86%) patients attained CRyrp. despite fail-
ure of prior regimens including high-dose cytarabine
(n =6), gemtuzumab ozogamicin (GO; n = 2), azacitidine
(n=1) or HSCT (n = 1). RFS was 67% at median follow-up
of 10-8 months: one morphological relapse and another non-
relapse mortality, both occurring post-HSCT. Two elderly
patients considered unfit for HSCT remain alive at 6 and
12 months respectively. As detectable NPMI™"-MRD levels
prior to HSCT are associated with inferior outcomes,®® it
would seem reasonable to consider venetoclax-based therapy
to try to attain a molecular CR before transplantation.”'?
One patient had persistent NPMI1™"" MRD after veneto-
clax-based therapy and evolved a new FLT3-ITD clone at
relapse post-HSCT, consistent with the role of FLT3-ITD in
mediating resistance to venetoclax-based therapy.'* Two
patients received azacitidine [case 1 (with GO) and 6] for

two and seven cycles and achieved minor response (1-2 log
reduction) prior to addition of venetoclax. It is possible that
prolonged azacitidine monotherapy may deepen the molecu-
lar response: 17/33 patients (52%) in the RELAZA2 study
had reductions in NPM1™"'-MRDj; however, the CRyrp. rate
was not reported for this subgroup.’

Limitations of our study include the small cohort size, ret-
rospective nature of the study and relatively short follow-up.
Selection bias is unavoidable as patient selection was up to
the treating clinician and dependent on the availability of
venetoclax and/or fitness for HSCT. Confirmation of our
findings in prospective and ideally randomised studies
together with longer follow-up of the current cohort will be
necessary to prove whether responses are durable, including
in the absence of an allograft. Other issues include whether
concomitant mutations predict for later relapse and the opti-
mal number of cycles of treatment required beyond attain-
ment of molecular negativity.

This study highlights the promising efficacy of venetoclax
in combination with either LDAC or HMA as an MRD-di-
rected therapy for NPMI™"" AML. These combinations may
replace salvage chemotherapy/HSCT for this molecularly
defined subgroup of patients.
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Table SI. Venetoclax regimen, associated toxicities and
dose adjustments.

Fig S1. Proportion of NPMI™"-MRD response following
venetoclax in combination with low-intensity chemotherapy.
Five patients (all from cohort 2) did not proceed beyond
cycle 2: one patient ongoing post cycle 1 and four patients
underwent HSCT (one post cycle 1 and three post cycle 2).
Overall molecular response rate was 92% by end of second
cycle. Low positive: detectable at >4-log reduction from base-
line; positive: detectable at <4-log reduction from baseline.

Fig S2. Kaplan—Meier plots of (A) relapse-free and (B)
overall survival for patients treated with venetoclax in combi-
nation with low-intensity chemotherapy for molecular persis-
tence (cohort 1) and progression (cohort 2).

Fig S3. Kaplan—Meier plot of relapse-free survival for six

MU MRD in the bone marrow

patients with persistent NPM1
post four courses of chemotherapy. Data reproduced from
Ivey et al., 2016.

Fig S4. Kaplan—Meier plot of relapse-free survival for 27
patients with molecular relapse who received salvage
chemotherapy and subsequent allogeneic stem cell transplan-

tation. Data reproduced from Dillon et al., 2020.

1030

References

1.

Ivey A, Hills RK, Simpson MA, et al. Assessment of minimal residual dis-
ease in standard-risk AML. N Engl ] Med. 2016;374(5):422-33.

. Balsat M, Renneville A, Thomas X, et al. Postinduction Minimal Residual

Disease Predicts Outcome and Benefit From Allogeneic Stem Cell Trans-
plantation in Acute Myeloid Leukemia With NPM1 Mutation: A Study by
the Acute Leukemia French Association Group. J Clin Oncol. 2017;35
(2):185-93.

. Kronke J, Schlenk RF, Jensen KO, et al. Monitoring of minimal residual

disease in NPM1-mutated acute myeloid leukemia: a study from the Ger-
man-Austrian acute myeloid leukemia study group. J Clin Oncol. 2011;29
(19):2709-16.

. Shayegi N, Kramer M, Bornhauser M, et al. The level of residual disease

based on mutant NPMI is an independent prognostic factor for relapse
and survival in AML. Blood. 2013;122(1):83-92.

. Dillon R, Hills R, Freeman S, et al. Molecular MRD status and outcome

after transplantation in NPM1-mutated AML. Blood. 2020;135(9):680-8.

. Kayser S, Benner A, Thiede C, et al. Pretransplant NPM1 MRD levels pre-

dict outcome after allogeneic hematopoietic stem cell transplantation in
patients with acute myeloid leukemia. Blood Cancer J. 2016;6(7):e449.

. Karas M, Steinerova K, Lysak D, et al. Pre-transplant quantitative determi-

nation of NPM1 mutation significantly predicts outcome of ailogeneic
hematopoietic stem cell transplantation in patients with Normal Karyotype
AML in complete remission. Anticancer Res. 2016;36(10):5487-98.

. Lussana F, Caprioli C, Stefanoni P, et al. Molecular detection of minimal

residual disease before allogeneic stem cell transplantation predicts a high
incidence of early relapse in adult patients with NPM1 positive acute mye-
loid leukemia. Cancers (Basel). 2019;11(10):1455.

. Platzbecker U, Middeke JM, Sockel K, et al. Measurable residual disease-

guided treatment with azacitidine to prevent haematological relapse in
patients with myelodysplastic syndrome and acute myeloid leukaemia
(RELAZA2): an open-label, multicentre, phase 2 trial. Lancet Oncol.
2018;19(12):1668-79.

. Wei AH, Strickland SA Jr, Hou JZ, et al. Venetoclax combined with low-

dose cytarabine for previously untreated patients with acute myeloid leu-
kemia: results from a phase Ib/II Study. J Clin Oncol. 2019;37(15):1277—
84.

. DiNardo CD, Pratz K, Pullarkat V, et al. Venetoclax combined with deci-

tabine or azacitidine in treatment-naive, elderly patients with acute mye-
loid leukemia. Blood. 2019;133(1):7-17.

. DiNardo CD, Tiong IS, Quaglieri A, et al. Molecular patterns of response

and treatment failure after frontline venetoclax combinations in older
patients with AML. Blood. 2020:e-pub ahead of print 13 January 2020.

. Agarwal SK, DiNardo CD, Potluri J, et al. Management of venetoclax-

posaconazole interaction in acute myeloid leukemia patients: evaluation of
dose adjustments. Clin Ther. 2017;39(2):359-67.

. Gabert J, Beillard E, van der Velden VH, et al. Standardization and quality

control studies of ’real-time’ quantitative reverse transcriptase polymerase
chain reaction of fusion gene transcripts for residual disease detection in
leukemia - a Europe Against Cancer program. Leukemia. 2003;17
(12):2318-57.

. Guolo F, Minetto P, Clavio M, et al. Longitudinal minimal residual disease

(MRD) evaluation in acute myeloid leukaemia with NPM1 mutation: from
definition of molecular relapse to MRD-driven salvage approach. Br J
Haematol. 2019;186(6):e223.

© 2020 The Authors. British Journal of Haematology published by British Society for Haematology and

John Wiley & Sons Ltd. British Journal of Haematology, 2021, 192, 1026-1030



