Annals of Hematology (2019) 98:1149-1157
https://doi.org/10.1007/500277-019-03637-7

ORIGINAL ARTICLE

@ CrossMark

Acute myeloid leukemia with t(8;16)(p11.2;p13.3)
/KAT6A-CREBBP in adults

Wei Xie' - Shimin Hu' - Jie Xu' - Zhining Chen' . L. Jeffrey Medeiros' - Guilin Tang’

Received: 23 January 2019 / Accepted: 4 February 2019 /Published online: 13 February 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

t(8;16)(p11.2;p13.3)/KAT6A-CREBBP is a rare recurrent cytogenetic abnormality associated with acute myeloid leukemia
(AML). We report 15 cases with t(8;16)(p11.2;p13.3). All patients were adult and had AML: 13 women and 2 men, with a
median age of 50 years. Ten patients had a history of malignancy and received cytotoxic therapies before therapy-related AML (t-
AML), and five patients had de novo AML. All cases of AML showed monoblastic (n=12) or myelomonocytic (n=3)
differentiation. Hemophagocytosis was observed in seven patients. All patients had t(8;16) in the stemline: seven had t(8;16)
as the sole abnormality, two had one additional abnormality, and six had a complex karyotype. KAT6A/CREBBP rearrangement
was confirmed by fluorescence in situ hybridization in 13 patients who had material available for analysis. All patients received
induction chemotherapy, and 11 achieved complete remission after first induction. At the time of last follow-up, nine patients
(eight t-AML and one de novo AML) died and six were alive, with a median overall survival of 18.2 months. The patients with de
novo AML and/or patients with non-complex karyotype showed an “undefined” overall survival. We conclude that
t(8;16)(p11.2;p13.3) commonly exhibits monoblastic or myelomonocytic differentiation and commonly arises in patients with
a history of cancer treated with cytotoxic therapies. Patients with de novo AML with t(8;16) or t-AML with t(8;16) without

adverse prognostic factors (e.g., complex karyotype) have a good outcome.
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Introduction

Acute myeloid leukemia (AML) with t(8;16)(p11.2;p13.3)/
KAT6A-CREBBP is an uncommon entity, accounting for 0.2
to 0.4% of all cases of AML [1-3]. Approximately 100 AML
cases with t(8;16)(p11.2;p13.3) have been reported, mainly in
single case reports and a few case series from multiple centers
and including adult and pediatric patients [1, 3-9]. AML with
t(8;16)/KAT6A-CREBBP is often associated with monocytic
or myelomonocytic differentiation, leukemia cutis,
hemophagocytosis, and disseminated intravascular coagula-
tion (DIC) [1, 3, 4, 9]. t(8;16)/KAT6A-CREBBP is more
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frequently associated with therapy-related AML (t-AML,
1.6%) [1] and neonatal AML [9]. AML with t(8;16) has
been reported to be associated with a poor outcome [1, 3,
4]; however, spontaneous remission has been observed in
neonates [9—12].

KATG6A (also known as MOZ or MYST3) is located on
chromosome 8pl11.2 and is composed of 17 exons.
KAT6A encodes the monocytic leukemia zinc finger pro-
tein, a histone acetyltransferase of the MYST family that
modulates gene transcription through activation of the
RUNXI (AMLI) transcription factor complex [13].
CREBBP is located on chromosome 16p13.3 and is com-
posed of 31 exons. CREBBP encodes a protein that is
widely expressed and plays a transcription regulatory role
by interaction with several proteins with central cell cycle
functions [14]. Like KAT6A, CREBBP has an intrinsic
histone acetyltransferase activity and aberrant chromatin
acetylation may lead to leukemogenesis [15]. KAT6A and
CREBBP are common gene partners, but both genes are
also involved in other translocations with different partners
in AML, e.g., KAT6A in inv(8)(p11q13)/KAT6A-NCOA2,
t(8;19)(p11;q13)/KAT6A-?, t(8;20)(pl1;q13)/KAT6A-

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00277-019-03637-7&domain=pdf
http://orcid.org/0000-0002-9482-4806
https://doi.org/10.1007/s00277-019-03637-7
mailto:gtang@mdanderson.org

1150

Ann Hematol (2019) 98:1149-1157

NCOA3; and t(8;22)(pl11;q13)/KAT6A-EP300; and
CREBBP in t(10;16)(q22;p13)/KAT6B-CREBBP and
t(11;16)(q23;p13)/KMT2A-CREBBP, respectively.

Therapy-related myeloid neoplasms (t-MNs) occur as a late
complication of exposure to cytotoxic therapy, including che-
motherapy and/or radiation therapy used in treating malignant
or non-malignant diseases [16, 17]. Patients with t-MNs usu-
ally have a very poor outcome, with a median overall survival
(OS) of 8 to 14 months [16, 17]. The primary malignancies
often associated with t-MNs include breast cancer and
hematolymphoid malignancies [17]. Topoisomerase II inhibi-
tors, which have been widely used in the treatment of breast
cancer [18], are known to be associated with balanced trans-
locations in t-AML [16, 17]. Among the balanced transloca-
tions, those involving 11q23/KMT2A are the most common
[16, 17], whereas t(8;16)(p11.2;p13.3) is less frequently de-
tected in t-MNSs.

Due to the rarity of AML associated with
t(8;16)(p11.2;p13.3), most cases have been reported as signal
cases or case series from multiple centers. The outcomes of
this neoplasm have varied greatly in different reports and in
different age groups. In this study, we describe detailed clini-
copathologic, molecular, cytogenetic, and outcome data of 15
adult patients from a single institution with AML t(8;16)/
KAT6A-CREBBP.

Materials and methods
Case selection

We searched the cytogenetic archives of our institution during
January 1, 1998, through December 31, 2018, for cases with
t(8;16)(p11.2;p13.3). Clinical, morphologic,
immunophenotypic, molecular, and cytogenetic data were
reviewed and analyzed. This retrospective study was approved
by the Institutional Review Board at The University of Texas
MD Anderson Cancer Center and was conducted in accordance
with the Declaration of Helsinki.

Morphologic examination

Bone marrow specimens collected at the time of
t(8;16)(p11.2;p13.3) detection were obtained for all patients.
Wright-Giemsa-stained peripheral blood and bone marrow aspi-
rate smears, and hematoxylin and eosin—stained sections of bone
marrow core biopsy specimens were reviewed in all cases.

Immunophenotypic analysis
Bone marrow aspirate specimens were subjected to standard

eight-color flow cytometry immunophenotype analysis as de-
scribed previously [19], and antibodies against the following
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antigens were used: CD2, CD3, CD4, CD5, CD7, CD9,
CD10, CDI11b, CD13, CD14, CD19, CD20, CD22, CD25,
CD34, CD38, CD41, CD56, CD64, CD79b, CD117,
CD123, HLA-DR, myeloperoxidase (MPO), and terminal
deoxynucleotide transferase (TDT) (BD Biosciences, San
Jose, CA). Cytochemical stains for myeloperoxidase and
non-specific esterase were performed on all diagnostic bone
marrow aspirate smears.

Conventional cytogenetics and FISH analyses

Conventional G-banded chromosomal analysis was per-
formed on unstimulated 24-h and 48-h bone marrow aspirate
cultures using standard techniques. Twenty metaphases were
analyzed, and the results were reported using the 2016
International System for Human Cytogenetics Nomenclature
(ISCN 2016). A complex karyotype was defined as >3 chro-
mosomal abnormalities.

Fluorescence in situ hybridization (FISH) analysis was per-
formed with Wright-Giemsa-stained bone marrow smears
using dual-color dual fusion FISH probes for KAT6A (labeled
with green) and CREBBP (labeled with orange) (CytoTest,
Rockville, MD) according to the manufacturer’s instructions.

Molecular mutation studies

Molecular analysis was performed on a subset of patients as a
part of the routine clinical workup. Targeted next-generation
sequencing (NGS) studies using panels of genes commonly
altered in hematopoietic neoplasms were performed in four
patients, using a 28-gene or 81-gene panel (Supplemental ma-
terial 1) as described previously [20].

Statistical analysis

Kaplan—Meier method was used to estimate OS from the date
of t(8;16)(p11.2;p13.3) detection to the date of death from any
cause, or censored at last follow-up date for alive patients.
p<0.05 was considered to be statistically significant.

Results
Clinical features

The clinical features are summarized in Table 1. A total of 15
cases with t(8;16)(p11.2;p13.3) were identified. All patients
were adult and had AML: 13 women and 2 men, with a me-
dian age of 50 years (range, 19-62 years). All patients had
t(8;16)(p11.2;p13.3) detected at the initial diagnosis of AML.
Three patients also showed extramedullary disease (leukemia
cutis), and three patients had DIC.
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Ten patients had a history of various malignancies, includ-
ing breast carcinoma (n=15), diffuse large B cell lymphoma
(n=3), marginal zone lymphoma (n = 1), and liposarcoma
(n=1). The median interval from the initiation of cytotoxic
therapy to diagnosis of AML was 18 months (range, 4—
153 months). All ten patients received chemotherapy, includ-
ing eight with topoisomerase Il inhibitors. Three patients (case
nos. 6-8) had autoimmune diseases or acquired immunodefi-
ciency syndrome (AIDS). Five patients had no significant
medical history (Table 1).

Morphologic findings

The median blast count was 74% (range, 35-98%). All pa-
tients presented with acute monoblastic leukemia (AML-
MS5a) (n=12) or acute myelomonocytic leukemia (AML-
M4) (n=3) (Fig. 1a, b). Mild dysplasia was observed in three
patients. Erythrophagocytosis or hemophagocytosis was seen

Fig. 1 Morphological findings. a
Bone marrow clot section showed
sheets of immature cells (H&E, x
400). b Bone marrow aspirate
smear showed many blasts with
monocytic differentiation (%
1000). ¢ Two cells showed
erythrophagocytosis (x 1000). d
A macrophage showed
hemophagocytosis (x 1000). e
Blasts were positive for non-
specific esterase (% 1000). f Blasts
were positive for
myeloperoxidase (x 1000)
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in seven patients (Fig. 1c, d). Cytochemical staining of bone
marrow aspirate smears showed that the blasts were positive
for myeloperoxidase (n=10) and nonspecific esterase (n=
14) (Fig. le, f).

Immunophenotypic findings

The blasts were assessed in all cases and were positive for the
following myeloid and/or monocytic markers: CD4 (7/7),
CD33 (15/15), HLA-DR (14/15), CD13 and CD64 (13/15),
CD15 (10/15), MPO (9/15), CD14 (7/15), CD56 (6/11),
CDI117 (2/15), and CD34 (1/15). All cases were negative for
CD7.

Cytogenetic and molecular findings

The conventional cytogenetic features of the cases of AML
with t(8;16)(p11.2;p13.3) are summarized in Table 2 (Fig. 2a).




1153

Ann Hematol (2019) 98:1149-1157

[6]AX 9p/[cdd](¢ ¢ 1d:T 1T 181 (CTD(DPPAX 9t /[cJrew+ (¢ ¢ 1d:zeb)(61:1)
W61P9T-(1€b1Zb)(EDIP (1 b 1Zb) (T DIPP (€ 1b:LTb)O T8N AX 9t /[TI(1 cT1d)(6T)PPE
‘(gzb)(s DR (g9gdsed)(DPP WapLo/[+] (¢ ¢ 1bZ 11D)0D)1PP (T TTD(ODPP (T 19 DISP

(SON 2us3-87) SIYIO [V [INdLd ‘¥A9Hd aamisod  “(Z 11D T)PPe(sTb1zb)0DIPP (¢ ¢ 1d:T TTA)(9T: 8 (Tzd)(9)1ep (€ T LTD) (G M E)IOPAX 9t SI
anN aN SAIISOq [OIAX /P 1(E €TdT TIDOT VAKX 9 il
SVY ‘€174 IIXD QUON QATIISO [o1IxXxX 9P/ )(€ €1d T TIDOT:RI XX 9 €l
(SON oud3-87) SIUIO [V I'IXSV VN lozl(¢1bz1d)(6) Aur(¢ ¢ 1d:Z 191N XX 9 l
ELTA “TNdN SV LIND ‘Vd9dD ‘Hdl QuUON 9ANISOJ [02)(¢ e1d:T 11918 XX 9 11
an aN SALISOq [ozl(szb1zb)(L DeP(e 1dT 1T DIPP(L1)10p (¢ ¢ 1T TTAO T8 (0 1P)(R)I'X X 9t 01
SV “€ITA ouoN SALISO [oIxx 9t/[2I(c 1d)(6 1PPE WaPI9f/[](zebzzb)(L)1op Wwopr ot/ [81(¢ ¢ 1A T I T: 8 XX 9% 6
SITd ouoN SAIISOq [F1IXX9p/[91(¢ € 1d:T T TN XX 9 3
SV ‘6174 IO ouoN 9AINISOq [ozl(e e1d:T TIDOT: N XX 9 L
(SON Qued-[8) s10YI0 [[V  VONAN ‘VIONS ‘VELWNT OAINSOq [0Tl(¢ e 1d:T TTIDOT: 8N (E9ed(1)PPe XX 9t 9
[6dd)(z T1d)(10)PPE (TTd)(6)PPE (g € 1d:T TTA)(9T: 8 (TEb)(L)PPe XX 9
SV “€ITd QUON SAIISOq [edoJrew+(H¢bzeb)(L)opwapr Ly—/[2](¢ ¢ 1d:T 1T 1:8W (1 TTD(X)PPE X 9f S
[gdo]retn+wapr Lp~pt /[11]
(SON 2uag-87) s10U10 [V SITd SAIISOq (#1bTIb)(EDIPP (T Ib)(G )sur(z1d:geb)(9:on wopr Ly/[¥](¢ ¢ 1dT T 18N8+ XX LY 14
SVY ‘S1T4 QUON VN [0zl e1d:T TTDOT: N XX 9¥ €
INdN ‘€174 QUON oamsod  [Z]AX9p//[LI(eTbT T1b e Ib) (L1t T Dsur(Zbped)(z: T woprop/[111(e1d: T 119191 XX 9t 14
SV LY ‘§LTA QUON OAINSOq [ol(g e1d:T T1d) (9181 (TZb)OPPE X Op/[1T1(E € TdT TTA(IT: N XX 9F I
d9gaYD
AnE3IN. 2AMISOd  /V9.IVY 10F HSIH adKjokrey]  ase)
UONEINW JR[NII[O]N s3urpuy onoua301A)
s3urpuyy uoneINW Je[NdJ[OW pue oNAues0IL) g d|qel

pringer

Qs



1154

Ann Hematol (2019) 98:1149-1157

=
.)-““
\.o;.

t's i ‘4 ;'. i';
weg YU B

f» 43 -

Yy '\ ‘J -: < £ U U
: v R 0'. :. > -
ig K 5} Hoagh B

" - . 69

21 22

BE
20

19

. . :‘, 'l 'rt
i My 25
1 12
3 2 e ’
: s D
"Q » .: :'
17 18

£ n
0\ &

e
X

Fig. 2 Cytogenetic findings. a Karyotype of 46,XX,t(8;16)(p11.2;p13.3). b FISH analysis using dual-color dual fusion KAT6A (green)/CREBBP
(orange) showing 2 fusion (yellow) signals, indicating KAT6A/CREBBP rearrangement

All patients had t(8;16) in the stemline; seven had t(8;16) as a
sole chromosomal abnormality and eight exhibited additional
cytogenetic aberrations: two patients had one and six patients
had two or more additional aberrations (complex karyotype).

FISH for KAT6A/CREBBP rearrangement was performed
in 13 patients who had material available. In all patients, two
fusion (yellow) signals, consistent with KAT6A/CREBBP re-
arrangement, were observed (Fig. 2b).

Molecular mutations are summarized in Table 2. Four pa-
tients had NGS analysis, and all four showed at least one gene
mutation; each gene mutation was detected in only one patient
each.

Treatments and outcomes

After diagnosis of AML, all patients received “7 + 3” induc-
tion chemotherapy and five also underwent allogeneic stem
cell transplant (SCT) (Table 1). Eleven patients achieved com-
plete remission (CR) after the first induction. At the time of
last follow-up, nine patients died, including eight t-AML and
one de novo AML, with a median survival of 18.2 months
(Fig. 3a). Patients with de novo AML had a superior survival
compared with patients with t-AML (undefined vs.
11.4 months, p=0.0651) (Fig. 3b). Patients had t(8;16) as
the sole abnormality or plus one additional abnormality had
a superior survival compared to patients with t(8;16) plus two
or more abnormalities (a complex karyotype) (undefined vs.
8.9 months, p =0.0048) (Fig. 3c).
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Discussion

Here, we report the largest cohort of cases of adult AML with
t(8;16)(p11.2;p13.3)/KAT6A-CREBBP from a single institu-
tion. In this cohort, all patients had t(8;16)/KAT6A-CREBBP
in the stemline, including seven patients with t(8;16) as the
sole abnormality, supporting a critical role for t(8;16)/KAT6A-
CREBBP in the pathogenesis of these neoplasms. AML with
t(8;16)(p11.2;p13.3)/KAT6A-CREBBP shows many clinical
and pathological features that overlap with AML with
t(11923;v)/KMT2A(MLL) rearrangements. Both forms of
AML frequently exhibit extramedullary presentations and
monocytic/monoblastic or myelomonocytic differentiation;
both are commonly associated with newborn/infant AML or
t-AML with topoisomerase-II inhibitor exposure [6, 16].
These similarities may be explained by the important roles
the KAT6A-CREBBP and KMT?2A fusion genes play in histone
modification. It is tempting to speculate that KMT2A and
KAT6A-CREBBP share similar signaling pathways during
AML pathogenesis. Studies have shown that the gene expres-
sion profiles of patients with t(8;16)/KAT6A-CREBBP clus-
tered close to AML with t(11q23)/KMT2A and both share
commonly expressed genes [1, 9]. Genes with higher expres-
sion in both AML with t(8;16)/KAT6A-CREBBP and AML
with t(11g23;v)/KMT2A include HOXA3, HOXA4, HOXAS,
HOXA6, HOXA7, HOXA9, HOXA10, PBX3, MEISI, and
HNMT [1]. In addition, an N terminal truncated BRE (brain
and reproductive organ-expressed) protein is highly expressed
in over 50% of cases of AML with 11q23/KMT2A or AML
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Fig. 3 Overall survival. a Overall survival of all 15 patients. b
Comparison of the overall survival of patients with therapy-related
AML vs. de novo AML. ¢ Comparison of the overall survival of patients
with non-complex vs. complex karyotype.

with t(8;16)/KAT6A-CREBBP, but is virtually absent in other
AML subtypes and normal tissue [21]. BRE is required for the
proper function of BRCAI (breast cancer 1)-mediated DNA
damage repair [22] and overexpression of BRE in AML with
11q23/KMT2A has been associated with a favorable outcome
[23, 24].

Two thirds of patients in this cohort had a history of malig-
nancy (five breast cancer) and received cytotoxic therapies,
including eight patients who received topoisomerase II inhib-
itors. The median interval from the initiation of cytotoxic ther-
apy to the development of t-AML was 18 months, and all
patients had AML without a preleukemic phase (MDS).

These features are similar to other patients with t-AML that
developed after topoisomerase II inhibitor therapies: short la-
tency period, often present with overt AML without preceding
MDS stage, and often associated with a balanced chromosom-
al translocation, with involvement of 11q23/KMT2A being the
most common. In the previous studies of AML with t(8;16),
about 34 to 76.7% patients had a history of malignancy and
received cytotoxic therapies [1, 3, 4], breast cancer was the
most common, 17 to 40% in different studies (supplemental
Table 2) [1, 3, 4, 25]. The risk of developing t-AML or t-MDS
is increased by exposure to chemotherapy, radiation, and
growth-stimulating factors in breast cancer survivors [18]. In
an earlier study, the authors suggested that the 3' telomeric
portion of the KMT2A gene has a scaffold attachment region
which is vulnerable to translocation in the presence of topo-
isomerase II inhibitors [26]. Further studies are needed to clar-
ify whether similar structures are also presented in KAT6A
and/or CREBBP which make them more susceptible to topo-
isomerase II inhibitor exposure.

The bone marrow findings in patients with
t(8;16)(p11.2;p13.3) are characterized by high blast count and
monocytic morphology. The extramedullary involvement, DIC,
and hemophagocytosis or erythrophagocytosis observed in this
cohort are consistent with the findings in previous studies [1, 3, 5,
7-9]. In most cases, the blasts express granulocytic markers such
as CD13, CD33, and MPO, as well as monocytic markers CD4,
CD14, and CD64. About half of cases are positive for CD56.
Notably, the parallel expression of MPO and NSE on blasts in
most cases with t(8;16) set it apart from all other AML subtypes
with monocytic differentiation [1, 27].

In previous reports, AML with t(8;16)/KAT6A-CREBBP in
adults often had a short survival [ 1, 3, 4]. Patients in our cohort
showed a superior survival (median OS, 18.2 months) com-
pared with 4.7 months [1] or 8.5 months [4] reported in other
studies. Notably, in our cohort, patients with de novo AML
and/or patients with non-complex karyotype had an excellent
OS (undefined median survival for both de novo AML and/or
non-complex karyotype). Only when the patients had other
adverse factors, like therapy-related AML (median OS,
11.4 months) or a complex karyotype (median OS,
8.9 months), the survival was poor. It has been reported that
spontaneous remissions have occurred in neonates with AML
t(8;16)(p11.2;p13.3) [9-12]. In a study by Coenen et al. [9], all
seven neonates showed spontaneous remission of AML with
t(8;16), and three remained in continuous remission. These
observations suggest that a “watch and wait” policy might
be applied in neonates AML with t(8;16). In contrast, sponta-
neous remission has not been observed in adults [1, 4, 9]. The
CR rate after induction varies among different studies, ranging
from 25 to 88.7%, [1, 4, 9] and the highest CR rate was
reported in children (88.7%) [9] (supplemental Table 2). The
CR rate in our cohort was 73%, higher than the previously
reported adult case series [1, 4].

@ Springer
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In summary, patients with AML with t(8;16)/KAT6A-
CREBBP are often women who have a history of malignancy
and exposure to topoisomerase Il inhibitor therapy. These
neoplasms often exhibit monocytic/monoblastic or
myelomonocytic differentiation. In comparison with previ-
ously reported cases [1, 3, 4, 9], this cohort has a lower inci-
dence of hemophagocytosis and DIC, and a better overall
survival. Our data also suggest that de novo AML with
t(8;16) and/or AML with t(8;16) and a non-complex karyo-
type are associated with excellent outcome.
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