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Abstract
Acute leukemias of ambiguous lineage (ALAL) are rare hematologic malignancies with poor outcomes. Retrospective studies
have suggested that acute lymphoblastic leukemia (ALL) regimens are more effective than acute myeloid leukemia (AML)
regimens. We retrospectively examined the effectiveness of the widely-used adult ALL regimen hyperfractionated cyclophos-
phamide, vincristine, doxorubicin, and dexamethasone (hyperCVAD) as initial therapy in patients with ALAL at five academic
institutions. Twenty-five patients were identified, including 23 with mixed phenotype acute leukemia (MPAL) and two with
acute undifferentiated leukemia. Five of 8 tested (63%) had FLT3-ITD and 3 of 25 (12%) were Philadelphia chromosome-
positive. The complete remission (CR) rate was 76%, with CR with incomplete count recovery (CRi) in an additional 8%, for an
overall response rate of 84%. Median number of cycles to CR/CRi was 1. There were no deaths in the first 30 days. Of the 21
patients achieving CR or CRi, 14 (66%) proceeded to allogeneic hematopoietic stem cell transplantation. With a median follow-
up time of 31.6months, median overall survival for the entire cohort was not reached, and the estimated 2-year survival was 63%.
HyperCVAD can be considered an effective and tolerable front-line regimen for patients with ALAL, and warrants further
prospective study.
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Introduction

The vast majority of acute leukemias can be classified as either
myeloid or lymphoid, but in approximately 4% of cases [1],
traditional immunophenotyping cannot clearly establish dif-
ferentiation along a single lineage. While several different
nomenclature systems, diagnostic algorithms, and

classification schemes have been developed over the years,
these leukemias can collectively be termed acute leukemias
of ambiguous lineage (ALAL). In the most recent World
Health Organization (WHO) classification of acute leukemia
published in 2016, ALAL can be further categorized into five
subgroups: acute undifferentiated leukemia, mixed phenotype
acute leukemia (MPAL) with t(9;22) (q34.1; q11.2), MPAL
with t(v; 11q23.3), B/myeloid MPAL not otherwise specified,
and T/myeloid MPAL not otherwise specified [2]. The prog-
nosis for ALAL is considered poor and appears worse than for
either de novo acute myeloid leukemia (AML) or acute lym-
phoid leukemia (ALL) [3–5], with median survival estimates
of approximately 18 months and 5-year survival rates of ap-
proximately 40% [6, 7]. Outcomes are especially poor in
ALAL patients above the age of 75 years, roughly only 20%
of whom receive chemotherapy, with 2-year survival rates of
approximately 5% [8].

Due to the rarity of ALAL and multiple historical diagnos-
tic criteria, this remains a poorly understood malignancy with
no true consensus on optimal therapy. Retrospective studies
with somewhat heterogeneous populations suggest that
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patients with ALAL, including MPAL, have better outcomes
when treated with regimens used for ALL rather than AML.
Recently, a large metaanalysis of both the pediatric and adult
MPAL populations showed that ALL induction was statisti-
cally superior to AML induction with respect to complete
remission (CR) rate and overall survival (OS) [9]. Based on
these data, current expert opinion recommends an ALL-like
induction therapy followed by allogeneic hematopoietic stem
cell transplantation (alloHSCT) after achievement of remis-
sion [10, 11]; however, specific ALL regimens have not been
studied extensively in this disease.

In a phase II study in adult patients with ALL, induction
chemotherapy with hyperCVAD (hyperfractionated cyclo-
phosphamide, vincristine, doxorubicin, and dexamethasone
alternating with high-dose cytarabine and methotrexate) was
associated with a CR rate of 92% a relatively low induction
mortality rate of 5%, and a 5-year survival rate of 38% [12].
Compared with a historical cohort of patients receiving VAD
regimens, hyperCVAD was superior with respect to CR rate,
CR duration, and OS [12, 13]. HyperCVAD is currently one
of the National Comprehensive Cancer Network-
recommended front-line regimens for adult patients with
Philadelphia chromosome (Ph)-negative or -positive ALL,
the latter in conjunction with a tyrosine kinase inhibitor
(TKI), and is one of the most widely used regimens for adult
ALL in the USA [14]. In this study, we retrospectively ana-
lyzed the effectiveness of hyperCVAD in the upfront treat-
ment of patients with ALAL.

Methods

Patients

We retrospectively reviewed records from adult (≥ 18 years
old) patients initially treated for ALAL with the hyperCVAD
chemotherapy regimen at five academic institutions
(University of Maryland Greenebaum Comprehensive
Cancer Center, Moffitt Cancer Center, Mayo Clinic,
Virginia Commonwealth University, and Roswell Park
Comprehensive Cancer Center). The study was approved by
each institution’s Institutional Review Board. Patients with
ALAL, as defined by the 2016 WHO Classification, were
identified using each institution’s database or through patient
lists obtained from pathology and/or pharmacy. Due to the
complexity in establishing the diagnosis, a pathology report
from the academic institution was required for the patient to be
included in the study. Data collected included age, gender,
complete blood counts, percentage of marrow blasts, karyo-
type, mutations, presence of central nervous system (CNS)
involvement, number of cycles, treatment response, time to
progression, and time to death. Patients with ALAL with
11q23 rearrangements or t(9;22) were included, with the

exception of those with blast-phase chronic myelogenous leu-
kemia with mixed phenotype. Complex karyotype was de-
fined as at least 3 cytogenetic abnormalities. Responses were
defined according to modified International Working Group
Criteria for acute myeloid leukemia [15].

The primary objective was to estimate CR rate, and sec-
ondary objectives included to evaluate the percentage of pa-
tients who go on to receive allogeneic hematopoietic stem cell
transplant and to estimate the median relapse-free survival
(RFS) and OS.

Treatment

All patients who received at least one cycle of hyperCVAD-
based chemotherapy as their initial treatment following diag-
nosis were included. At some institutions, high-dose
cytarabine/methotrexate (the “B” or “even” cycle of
hyperCVAD) was initiated prior to the CVAD cycle (“A” or
“odd” cycle). Patients who received a TKI along with
hyperCVAD were included.

Statistical analysis

Descriptive statistics were used for baseline patient and dis-
ease characteristics and response rates. OSwasmeasured from
day one of chemotherapy until the date of death. RFS was
measured from the date of initial confirmed CR until the date
of relapse or death. All time-to-event analyses were conducted
using the Kaplan-Meier method. Statistical analyses were con-
ducted using IBM SPSS version 24.

Results

Patient demographics and baseline characteristics

Twenty-five patients were identified who fulfilledWHO 2016
Criteria for ALAL and received initial induction with
hyperCVAD between January 1, 2002, and February 28,
2017. Pretreatment characteristics are summarized in
Table 1. The median age was 49 years, with 13 (52%) female
and 12 (48%) male patients. Most patients were Caucasian
(80%); 20% were African-American. Most had mixed pheno-
type acute leukemia (n = 23, 92%); 2 had acute undifferenti-
ated leukemia. Median white blood cell count (WBC) at pre-
sentation was 29 k/mcL. Normal and complex karyotypes
were seen in seven (28%) patients each, one patient had
t(4;11), and three patients had t(9;22). Monosomal karyotype
was seen in 3 patients. Monosomy 7 was present in 2 patients,
both as part of a complex karyotype. One patient had mono-
somy 17 as part of a complex karyotype, but no other patients
had loss of 17p. Next-generation sequencing was unavailable
in 17 patients and incomplete (only FLT3 and NPM1
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evaluated) in three patients. FLT3-ITD was detected in 5 of
eight patients (63%) tested for this mutation, of whom 3 had
B/myeloid and 2 had T/myeloid MPAL. Five patients had
more than one mutation. Three (12%) patients had CNS in-
volvement at presentation, and one patient developed CNS
disease during the course of therapy.

Response to therapy

The median number of HyperCVAD cycles administered to
the entire cohort was 4 (range, 1–8), and the 30-day mortality
rate was zero. The CR rate was 76% (n = 19), and an addition-
al 8% (n = 2) had CR with incomplete count recovery (CRi),
for an overall response rate (ORR) of 84%. One patient had a
partial response (4%), and three patients had no response
(14%). Of the 21 patients achieving CR or CRi, median num-
ber of cycles to CR was one. All three patients with Ph-
positive disease received concurrent dasatinib and achieved
CR. Of the five patients who had FLT3 mutations at diagno-
sis, three of the five achieved CR, and one achieved PR. None
received treatment with FLT3 inhibitors during the dose-
intensive phase, although the three patients who achieved
CR had sorafenib as maintenance therapy, one patient re-
ceived it during the maintenance phase of hyperCVAD, and
two following alloHSCT. All three patients stopped sorafenib
within 4 months due to poor tolerance.

Outcomes

For the entire cohort, 16 (64%) patients were alive and in
remission at time of data analysis, and median OS was not
reached after a median follow-up time of 31.6 months.
Estimated 12-month and 24-month survival was 79% and
63%, respectively (Fig. 1). Without censoring for alloHSCT,
median RFS for the 21 patients who achieved CR/CRi was not

Table 1 Baseline patient and disease characteristics

Total number analyzed (N) 25

Median age, years (range) 49 (22–69)

Age ≤ 40 years, n (%) 5 (20)

Sex, n (%)

Female 13 (52)

Male 12 (48)

Race, n (%)

Caucasian 20 (80)

African American 5 (20)

Type of ALAL, n (%)

Undifferentiated 2 (8)

MPAL

T/Myeloid 13 (52)

B/Myeloid 9 (36)

B/T 1 (4)

CBC, median (range)

WBC, k/mcL 29 (1.1–255.2)

ANC, k/mcL 1.6 (0–11.9)

Hemoglobin, g/dL 9.7 (4–14.7)

Platelets, k/mcL 65 (8–316)

Bone marrow blasts %, median (range) 76 (1–94)

Karyotype, n (%)

Complexa 7 (28)

Normal 7 (28)

t(9;22) 3 (12)

t(4;11) 1 (4)

Monosomal karyotype 3 (12)

− 7 2 (8)

− 17 1 (4)

Unknown 2 (8)

Mutations, n (%)b

FLT3-ITD 5 (63)

NRAS 2 (40)

IDH2 2 (40)

RUNX1 2 (40)

NOTCH1 2 (40)

DNMT3A 1 (20)

KRAS 1 (20)

CEBPA 1 (20)

SUZ12 1 (20)

SRSF2 1 (20)

BCOR 1 (20)

CNS disease at presentation, n (%) 3 (12)

ALAL, acute leukemia of ambiguous lineage; MPAL, mixed phenotype
acute leukemia; CBC, complete blood count; WBC, white blood cell
count; ANC, absolute neutrophil count
a At least 3 cytogenetic abnormalities
bMolecular data were available for only 8 patients, of whom 3 had only
FLT3 andNPM1 evaluated. Percentage of patients with FLT3 is based on
n = 8, and others are based on n = 5 Fig. 1 Overall survival for the entire cohort
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reached, and estimated 12-month and 24-month RFS was
81% and 64% (Fig. 2). Fifteen patients proceeded to
alloHSCT, including 14 of the 21 patients (66%) who
achieved CR or CRi, and the estimated 24-month survival
was 77%, compared with 64% for the seven responders who
did not undergo alloHSCT (p = 0.78). At the time of data
analysis, 11 (73%) of the 15 patients who underwent
alloHSCT were alive and in remission. Among the patients
who did not undergo alloHSCT, two relapsed within 2 months
of achieving CR, and four were alive and in remission 10 to
64 months after hyperCVAD initiation. Of the three Ph-
positive patients, one proceeded with alloHSCT, and all three
patients were alive at 10, 39, and 51 months. The three pa-
tients with FLT3 mutations who achieved CR were alive and
in remission at 16, 24, and 64 months.

Discussion

To our knowledge, this multiinstitutional retrospective
study is the largest series of adult patients with ALAL
treated with a single ALL regimen. The hyperCVAD che-
motherapy regimen produced high response rates in this
rare patient population, and 30-day mortality rate was ze-
ro, demonstrating excellent tolerability. Median OS was
not reached after a relatively long follow-up period, and
alloHSCT was not a requisite for extended survival, as
evidenced by a small subset of patients who had good
long-term outcomes without undergoing transplant.
Although our patient sample size was relatively small,
with 25 ALAL patients (the vast majority of whom had
MPAL), the CR/CRi rate of 84% and 2-year survival rate
of 63% appear favorable relative to the published litera-
ture. In the aforementioned metaanalysis of patients with
MPAL, the CR rate with ALL induction regimens was

73.9%, and 3-year OS was 48% [9], but over half of the
patients were children, who are known to have better out-
comes than adults [16–19].

There were no distinct presenting features in our adult
ALAL patient population. WBC at presentation varied wide-
ly, ALAL was not more prevalent in either gender, and CNS
disease was relatively rare (12%), consistent with previous
reports [9, 20]. Aside from t(9;22), our population did not
demonstrate any recurrent cytogenetic abnormalities. Our pa-
t i en t s had a s l i gh t l y d i f f e r en t d i s t r i bu t i on o f
immunophenotypes compared with most other studies on
MPAL.While in the literature, B/myeloid and T/myeloid sub-
types account for 55–70% [6, 7, 20–22], and 30–35% [6, 7,
20] of MPAL, respectively, the T/myeloid subtype was more
common in our study population, accounting for 52% of the
entire cohort. It is at least possible that this may have contrib-
uted to some selection bias, in that individual practitioners
may have been more likely to use hyperCVAD as initial ther-
apy for patients with a T/myeloid immunophenotype.

As expected for a study involving intensive chemotherapy
for acute leukemia, our populationwas relatively young with a
median age of 49 years. Several studies in the ALL literature
have consistently shown the benefit of pediatric-inspired reg-
imens over adult-type regimens in the adolescent and young
adult (AYA) population [23–26], but this issue has not been
explored extensively in patients with ALAL or MPAL.
Although hyperCVAD is typically considered an adult-type
regimen, at least one retrospective study suggests that it is as
effective as pediatric-inspired regimens in ALL [27]. In our
study, only five patients were age 18–40, which is often con-
sidered the age range for the AYA population. Although
meaningful conclusions cannot be made with such a small
sample size, all five patients achieved a complete remission
with hyperCVAD and four of the five were alive and disease-
free from 18.5 to 51 months at the time of data analysis. None
of our patients were above the age of 70, thus, whether this
regimen is effective and tolerable in this subset of patients
with very poor outcomes also cannot be determined from
our study.

As the vast majority of our patients were treated many
years before broad mutational profiling was available, only
eight patients had any molecular data to analyze.
Interestingly, in contrast to the findings of Yan and colleagues
[20], who reported no mutations in FLT3, IDH1, IDH2, or
RUNX1 among 117 patients with MPAL, FLT3-ITD muta-
tions were the most common mutation in our MPAL popula-
tion, present in 5 of 8 patients studied (63%), and IDH2 and
RUNX1 mutations were detected in two patients each.
Although three of these patients eventually received sorafenib
as maintenance therapy, the duration of sorafenib therapy was
very short due to intolerance, thus, the role of this agent in
ALAL, or specifically MPAL, is uncertain. To our knowl-
edge, the role of newer targeted inhibitors such as midostaurin

Fig. 2 Relapse-free survival for the patients achieving complete
remission or complete remission with incomplete count recovery

2122 Ann Hematol (2020) 99:2119–2124



and gilteritinib for FLT3-mutated disease and enasidenib for
IDH2-mutated disease has not been explored.

The role of alloHSCT in the treatment of patients with
ALAL, including those who are treated with ALL chemo-
therapy regimens, remains unclear. Prior large registry
studies of patients with MPAL from the Center for
International Blood and Marrow Transplant Research
(CIBMTR) [28] and the European Society for Blood and
Marrow Transplantation (EBMT) [29] reported fairly
promising 3-year leukemia-free survival of 56% and
46.5%, respectively, but no control group was available
for comparison. Most retrospective studies suggest
improved outcomes for patients undergoing alloHSCT
compared with consolidation therapy alone [7, 20, 30],
but the pediatric and young adolescent population may
not benefit from transplantation after achievement of CR1
[17, 18]. We found no significant difference in 2-year OS
for patients who received alloHSCT compared to those
who did not (77% vs. 64%, respectively, p = 0.78) in our
cohort of patients treated with hyperCVAD-based therapy,
albeit with a small number of patients and potential
selection bias. AlloHSCT is also a time-dependent
variable, which further confounds analysis of the true im-
pact of this intervention.

In conclusion, we demonstrate that hyperCVAD is an ef-
fective front-line therapy for patients with ALAL and is asso-
ciated with low induction mortality. Due to the rarity of this
disease, clinical trial data to guide optimal therapy are current-
ly lacking, but hyperCVAD appears to be an effective regi-
men, and may also be an appropriate backbone for incorpora-
tion of novel therapies for ALAL in future prospective studies.
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