LETTER TO THE EDITOR

Myeloid lineage switch in KMT2A-rearranged acute

lymphoblastic leukemia treated with lymphoid lineage-

directed therapies

Leukemias usually commit to a specific lineage in their
development. However, lineage switch (LS), which is the
transformation of the original leukemic clone into a dif-
ferent cellular lineage, is associated with a poor survival
and usually occurs in leukemias with rearrangements of
the KMT2A gene (KMT2Ar), which already convey a dismal
prognosis.”? LS is rare, but its incidence may increase with
the use of lymphoid lineage-targeting treatments, such as
CD19-directed therapies.®>” Herein, we report one of the
largest case series of patients with B-cell acute lympho-

blastic leukemia (B-ALL) with KMT2Ar that had LS to a
myeloid phenotype, all after receiving CD19- or CD22-di-
rected therapy. The patients’ baseline characteristics and
the evolution of their diseases are detailed in Table 1 and
Figure 1. Immunophenotype changes between diagnosis
and LS are detailed in Figure 2. Detailed information re-
garding mutations tested in these patients are detailed in
the Online Supplementary Tables ST and S2. This study re-
ceived ethics approval from the University of Texas MD
Anderson Cancer Institutional Review Board (IRB) and was

Table 1. Characteristics of each patient’s B-cell acute lymphoblastic leukemia (at diagnosis) and acute myeloid leukemia (after

lineage switch).

Patient Acute lymphoblastic leukemia
(sex, age Cytogenetics
in years) and FISH Mutations
46,XX,1(4;11)(g21;923)[12]/
#1 47 idem,+8[2]/46,XX[6] TP53
(F, 43) p.Y163SA
FISH positive for KMT2Ar
46,XY,t(4;11)(g21;923)[11)/
49 46,|dem,j%d)((1\(8[)1(]p11 .2)[8]/ P53
(M, 34) ’ p.R282PA
FISH positive for KMT2Ar
46,XY,t(4;11)(q21;923) [13]/46,XX[7]
#3
(F, 27) Not assessed
’ FISH positive for KMT2Ar
44 46,XY,t(4;11)(q21;923)[15]/46,XY[5] CCND3, FLT3,
b, 1) FISH positive for KMT2Ar oA
45 46,XX,1(11;19)(923;p13.3)[14]/46,XX[6] KRAS
B
(F, 60) FISH positive for KMT2Ar p.G12D
46,XY,t(4;11)(g21;923) [20]
#6 Not available
(M, 44)

FISH positive for KMT2Ar

Acute myeloid leukemia (LS)

Cytogenetics

CNS and FISH Mutations
61~65,XX,-X,+add(1)(p13),-
3,der(4)t(4;11)(g21;923),
t(4;11),+del(6)(q15921),-10,-11,-17,-17,,- TP53p.Y163S
17,+1~6mar[cp12]/46,XX[8] & p.1251fs*
FISH positive for KMT2Ar
37~45,XY,add(2)(q33),add(3)(p13),
add(3)(p21),t(4;11)(q21;923),
add(9)(p22),-14,add(15)(q24),- TP53
16,add(17)(p11.2),-18,i(18)(q10),-19,- p.R282PA

21,+1~5mar[cp10]/46,XY[10]
FISH positive for KMT2Ar

53,XX,+der(4)t(4;11)(g21;923),t(4;11),+6,+7,+8,

+13,+19,+20[6]//46,XY[14] Not assessed

FISH positive for KMT2Ar

Cytogenetics not available PTPN11

A

FISH positive for KMT2Ar RN
46,XX,+i(8)(q10),t(11;19)(g23;p13.3),-

16[12)/46,XX,+i(8)(q10),t(11;19),add(14)(p11.2),

-16[cp6]/47,XX,+X,t(11;19)[2] Not assessed

FISH not available

84~87,XXYY,-1,der(4)t(4;11)(q21;923),t(4;11),-
5,-10,-11,-21[cp20] NRAS

p.Q61HA

FISH positive for KMT2Ar

AMutation/s detected using a 81-gene next-generation sequencing panel. EMutation/s detected using a 28-gene next-generation sequencing
panel. Panel gene coverage is detailed in the Online Supplementary Appendix. LS: lineage switch; CNS: central nervous system involvement;
FISH: fluorescence in situ hybridization; KMT2Ar: KMT2A rearrangement; F: female; M: male.
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conducted in accordance with the Declaration of Helsinki.
Patient 1 was a 43-year-old woman diagnosed with B-ALL
with t(4:11)/KMT2A::AFF1 rearrangement. The patient re-
ceived treatment with hyper-CVAD (hyper-fractionated
cyclophosphamide, vincristine, doxorubicin and dexa-
methasone). She achieved complete remission (CR) but
had disease bone marrow relapse after the eighth course.
She then received mini-hyper-CVD (mini-hyper-fraction-
ated cyclophosphamide, vincristine, and dexamethasone)
with inotuzumab but did not achieve CR. A second salvage
therapy consisting of fludarabine, idarubicin, cytarabine,
pegylated asparaginase, and blinatumomab elicited CR,
but the patient had a relapse with LS after the second
cycle of blinatumomab. She then received salvage chemo-
therapy with venetoclax and later azacytidine plus ipi-
limumab and nivolumab but had no response.

CR MRD NR LS

CR MRD- Relapse

#1
CR MRD- Relapse Allo-SCT LS Relapse
4 4 ¥
mHCVD FIA Ven
#2 HCVADx4 sk Biina IPaY
CR MRD- Allo-SCT
A 4 4
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#3 Ino Blina x2
CR MRD+ LS CR MRD- eI
AraC AraC
R CR MRD- ReI
#5 -\nlo3 )
HCVAD x1 402
Allo-
CR MRD+ ReI LS CR MRD+ SCT Rel
#6

HCVAD x3 a Dec + CIA
+ Ven
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Patient 2 was a 34-year-old man diagnosed with B-ALL
with t(4:11)/KMT2A::AFF1 rearrangement. He received
hyper-CVAD and initially achieved CR with negative
measurable residual disease by multiparameter flow cyto-
metry (MRDfc) but had relapse after the fourth course. He
then received three courses of dose-reduced hyper-CVD
with inotuzumab and achieved CR with negative MRDfc
before proceeding to allogeneic stem cell transplantation
(allo-SCT). Two months after allo-SCT, the patient had a
mixed relapse with 57% lymphoid blasts in the bone mar-
row and two myeloid sarcomas in the left tonsillar region.
He was treated with fludarabine, idarubicin, cytarabine,
venetoclax, and blinatumomab and initially had CR with
negative MRDfc and a reduction in sarcoma size. However,
his disease progressed rapidly; a full LS with full bone
marrow involvement by myeloid blasts was accompanied

mHCVD FIA Peg CLIA |Aza+ Ipl

Figure 1. Summary of therapies re-
ceived. Patient treatments and re-
sponses over time. Blue indicates
therapies for B-cell acute lympho-
blastic leukemia; green indicates ther-
apies for acute myeloid leukemia after
lineage switch (LS; red). Allo-SCT: al-
logeneic stem cell transplantation;
AraC: cytarabine; Aza: azacytidine;
Blina: blinatumomab; CIA: clofarabine,
idarubicin, and cytarabine; CLAG: cla-
dribine, cytarabine, and granulocyte
colony-stimulating factor; CLIA: cla-
dribine, idarubicin, and cytarabine; CR:
complete remission; Dauno: dauno-
rubicin; Dec: decitabine; FIA: fludara-
bine, idarubicin, and cytarabine;
HCVAD: hyperfractionated cyclophos-
phamide, vincristine, doxorubicin, and
dexamethasone; IDA: idarubicin; iMen:
menin inhibitor; Ino: inotuzumab ozo-
gamicin; Ipi: ipilumumab; mHCVD:
mini-hyperfractionated cyclophos-
phamide, vincristine, and dexametha-
sone; MRDfc: minimal residual disease
by flow cytometry; Nivo: nivolumab;
NR: no response; Peg: pegylated as-
paraginase; VCR: vincristine; Ven:
venetoclax; VP16: etoposide.
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by clinical deterioration, and the patient received no
further treatment.

Patient 3 was a 27-year-old woman diagnosed with B-ALL
with t(4:11)/KMT2A::AFF1 rearrangement. The patient in-
itially received induction therapy based on the CALGB
10403 pediatric protocol and then received dose-dense
mini-hyper-CVD with inotuzumab and blinatumomab.
After three cycles of therapy, she achieved CR with
negative MRDfc and proceeded to allo-SCT. Five months
after allo-SCT, she had a relapse with LS with multiple
myeloid sarcomas without bone marrow involvement. She
received FLAG-IDA (fludarabine, cytarabine, idarubicin,
and G-CSF) with venetoclax but had no response. The pa-
tient is currently enrolled in a clinical trial combining
chemotherapy with a menin inhibitor; her sarcomas
shrunk after the first cycle of treatment.

Patient 4 was a 2-month-old male diagnosed with B-ALL
with t(4:11)/KMT2A::AFF1 rearrangement. The patient was
treated with the AALL0631 pediatric protocol but had per-
sistent MRDfc and received one course of blinatumomab.
He then relapsed with LS. He received cytarabine with

TdT

CD10
CD19
CD20
CD22

Diagnosis
Relapse #1

etoposide and achieved CR. He started maintenance ther-
apy with cytarabine and venetoclax as a bridge to allo-
SCT but had relapse with LS. The patient was enrolled in
a clinical trial with a menin inhibitor but did not achieve
response.

Patient 5 was a 60-year-old woman diagnosed with B-ALL
with 46,XX,t(11;19)(q23;p13.3)/KMT2A::MLLTT rearrange-
ment. The patient received hyper-CVAD but had progress-
ive disease after the first course and, therefore, received
blinatumomab, which elicited CR with negative MRDfc.
However, the patient had a relapse and was enrolled in a
clinical trial of the CD19-directed antibody-drug conjugate
ADCT-402. After one course, the patient had a relapse
with LS and received no further therapy.

Patient 6 was a 44-year-old man diagnosed with B-ALL
with t(4:11)/KMT2A::AFF1 rearrangement. The patient re-
ceived three courses of hyper-CVAD; he initially achieved
CR with MRDfc but had a relapse after the last cycle. He
then received one cycle of blinatumomab and had a re-
lapse with LS. He was treated with decitabine plus
chemotherapy and venetoclax and had CR after two
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Figure 2. Immunophenotypic changes between diagnosis and lineage switch. Imnmunophenotypes of the leukemic cells at dif-
ferent time points. LS: lineage switch; AML: acute myeloid leukemia; ALL: acute lymphoblastic leukemia.
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cycles before proceeding to allo-SCT. However, he had a
relapse 30 days after allo-SCT. He received decitabine,
venetoclax, and sorafenib but did not achieve CR.

LS is rare, occurring in about 6% of all relapsed leukemias
in childhood.? In our cohort, this phenomenon occurred in
7% of patients with KMT2Ar B-ALL treated in our institu-
tion. LS occurs primarily in KMT2Ar leukemias, usually in
pediatric patients with ALL with t(4;11)/KMT2A::AFF1 re-
arrangement,*® this last characteristic present in five of
the six patients presented here. Patients with LS have poor
prognosis, and current treatments do not have a high rate
of success.* Therefore, a better understanding of the mech-
anisms of LS is needed to develop strategies to prevent
and treat it.

The specific mechanism of LS in KMT2Ar leukemias is
unclear. Potential mechanisms include bipotential progen-
itors, cellular reprograming, de-differentiation, and clonal
selection.® Tirtakusuma et al.,° investigating the mechan-
isms of LS in KMT2A::AFF1 leukemias, found that LS is re-
lated to the rewiring of gene regulatory networks and to
changes in chromatin accessibility, with myeloid relapses
recurrently associated with CHD4 gene abnormalities. This
suggest that LS is driven and maintained by epigenetic dys-
regulation. Other studies have shown that the lineage fate
of these leukemias is influenced by the bone marrow
microenvironment.” Of note, four of five patients with avail-
able cytogenetics at LS acquired a complex karyotype be-
sides KMT2A rearrangement, two of them with a detectable
TP53 mutation. A biological hypothesis to be validated is
that this evident genetic instability that drives these chro-
mosome abnormalities could also favor a phenotype
switch under the selective pressure or B-cell-directed
therapies.

LS has become a topic of interest among leukemia re-
searchers because it provides a mechanism by which B-
ALL cells can escape directed immunotherapies, which
requires to switch the highly effective lymphoid-lineage di-
rected therapy to myeloid lineage-directed therapy. Recent
studies have shown that in patients with KMT2Ar leuke-
mias, LS from B-ALL to AML can occur after treatment with
blinatumomab or chimeric antigen receptor T cells.>"? This
is important because the increased use of these treat-
ments, which have selective pressure against lymphoid
antigens, may increase the rate of LS. In our cohort, all pa-
tients received at least one B-cell-directed immunother-
apy, against either CD19 or CD22, and these antigens had
disappeared by the time of LS. However, whether these
therapies can increase the rate of LS is unclear; for
example, a recent study in a large cohort of pediatric pa-
tients receiving blinatumomab has not detected any LS.
It is likely that leukemias presenting with LS have high line-
age promiscuity, and B-cell-directed therapies are highly
effective at eliminating B-ALL subclones, leaving the mye-
loid-committed leukemic cells a beneficial environment in

which to proliferate. Continuing to monitor LS rates among
patients receiving B-cell-directed therapies, especially
those who have leukemias with KMT2Ar, is crucial.
Regardless of their phenotype, the leukemias reported
herein had the genetic hallmarks of KMT2Ar, which made
them potentially sensitive to targeted therapy with menin
inhibitors. These recently developed compounds interfere
with the interaction between the KMT2A-rearranged pro-
tein and its cofactor, menin, thereby impeding the abnor-
mal expression of the HOXA genes responsible for
maintaining leukemic cells® The KMT2A rearrangement is
maintained at the time of LS, therefore there is a rationale
for testing the efficacy of menin inhibitors in this situation.”
In our cohort, two patients with relapsed AML arising from
B-ALL received menin inhibitor; as of this writing, one has
had a response whereas the other did not respond. It is
warranted to further explore the efficacy of menin in-
hibition in KMT2A rearranged leukemias presenting LS.

In conclusion, LS is a rare but devastating scenario. Studies
to determine whether novel directed therapies against B-
lineage antigens can increase the incidence of LS in these
patients are warranted. Combination therapy of menin in-
hibitors with targeted therapies could change the treat-
ment paradigm for patients with leukemias with LS.
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