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ABSTRACT

Background: Patients with acute leukemia can express aberrant markers, defined as antigens that are normally restricted to a
different lineage. The reported significance and frequency of these markers is inconclusive. We assessed the frequency and impact
of aberrant markers in patients with acute leukemia in a referral institution in Mexico City. Methods: We included 433 patients,
diagnosed and treated between 2005 and 2015 in our institution. Results: Aberrant markers were expressed in 128 patients
(29.6%); CD13 and CD33 were the most frequent aberrant markers in patients with acute lymphoblastic leukemia, while CD7
and CD19 were the most frequent in patients with acute myeloid leukemia. In the univariate analysis, the group with aberrant
markers had a lower disease-free survival when compared with the aberrant-free group (8 vs. 13 months) (p = 0.03). Aberrant
expression of CD10, CD20, and CD33 correlated with a worse outcome in a statistically significant manner. In the multivariate
analysis, male gender, lymphoid lineage, secondary leukemia, high risk at diagnosis, and the presence of aberrant markers had
a significantly negative impact on disease-free survival. Conclusion: The use of more aggressive treatment strategies could be
considered in patients with acute leukemia and an aberrant expression of CD10, CD20, and CD33. (REV INVES CLIN. 2016;68:305-13)
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INTRODUCTION features. More recently, new classification schemes

have arisen based on the implementation of immuno-
The adequate classification of acute leukemias (AL) is phenotypic, cytogenetic, and molecular markers?. Flow
of paramount importance to provide the patient with cytometry performs a fast and comprehensive deter-
the best possible treatment. In the past, ALs were mination of antigen expression in ALs and, alongside
classified based on morphological and cytochemical the morphological features of the blast cells, it can
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provide a definitive diagnosis and discriminate be-
tween the different types of ALs, which are: acute
lymphoblastic leukemia (ALL), acute myeloid leukemia
(AML), and acute leukemia of ambiguous lineage that
includes mixed phenotype acute leukemia (MPAL)
and acute undifferentiated leukemia (AUL)%2.

In addition to detecting the antigens that allow for the
correct classification of ALs, flow cytometry has also
aided in the identification of aberrant markers. These
are antigens that are normally expressed in a certain
lineage, but in some instances are expressed on the
blasts of an AL that belongs to another lineage (i.e.
CD13in ALL)3. In the medical literature, the reported
frequency of this phenomenon is highly variable34. For
example, in one study it was reported that CD13, a
myeloid-related antigen, was presentin 22% (n=6/27)
of ALL cases, while in other studies the expression of
CD13 as an aberrant marker was reported in 53%
(n=10/71) and 37% (n = 46/124) of patients with
ALL>7. Moreover, no consensus has been reached about
the clinical significance of this phenomenon. Some au-
thors have demonstrated a lower disease-free survival
(DFS) and overall survival (OS) in ALL patients when
CD13is present as an aberrant marker®°. Other stud-
ies have reported no prognostic impact or a favorable
outcome when CD13 is expressed in ALL patients1®11,

With the aim of expanding the knowledge about this
phenomenon, we retrospectively assessed the fre-
quency and prognostic impact of aberrant markers
in 433 Mexican patients with AL diagnosed and treat-
ed at a referral academic institution in Mexico.

MATERIALS AND METHODS
Patients

All the patients with AL diagnosed and treated between
January 2005 and June 2015 at the Instituto Nacio-
nal de Ciencias Médicas y Nutricién Salvador Zubiran
(INCMNSZ) were included in this study. The diagnosis
of AL and its classification were based initially on the
French-American-British (FAB) scheme, and later
the classification proposed by the World Health Orga-
nization (WHO) in 20081213, A 20% blast threshold
was used for the diagnosis of AL; blast percentages
were derived from peripheral blood smears or from
blood marrow samples stained with Wright-Giemsa?®3.
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The following data were gathered from the patients’
medical record: date of diagnosis, laboratory results
corresponding with the date of diagnosis, the immu-
nophenotypic features of bone marrow or peripheral
blood samples, and the performance status of each
patient according to the Eastern Cooperative Oncol-
ogy Group (ECOG) Scale.

By using international criteria (i.e. leukocytes and age
at diagnosis, cytogenetics), patients were stratified
according to their risk and were divided into non high-
risk and high-risk groups!#. Patients with incomplete
data and those who were diagnosed or followed up at
another institution were excluded from the study.

The following parameters were recorded: occurrence
of complete remission (CR) and relapse, as well as DFS
and OS. Complete remission was defined as the pres-
ence of < 5% of blasts in the bone marrow aspirate
one month after the induction therapy was initiated
(+28 days), along with the absence of blasts in periph-
eral blood, no extramedullary leukemia infiltrations,
an absolute neutrophil count 2 1 x 10°/1, and platelet
counts = 100 x 10°/1>1¢, Disease-free survival was
defined as the interval between CR and relapse, and OS
was defined as the interval between diagnosis and
last follow-up date or date of death from any cause.

Lastly, the patients were stratified into two groups:
patients without aberrant markers and patients with
aberrant markers. We analyzed if there was any
difference in the clinical, laboratory, and survival
parameters between these two groups.

Treatment

Three main strategies were used in the treatment of
patients diagnosed with ALL during this 10-year pe-
riod: (i) hyper-fractionated cyclophosphamide, vincris-
tine, doxorubicin and dexamethasone (hyper-CVAD)
and derived regimens (i.e. hyper-CVAD plus rituximab
or imatinib, when appropriate); (ii) local or institu-
tional regimens modified from the German Multi-
center Study Group for ALL (GMALL) protocol!?; and
(iii) pediatric-based therapies for adults (i.e. the
Dana-Farber Cancer Institute ALL Consortium Pro-
tocol 95-01).

Regarding the treatment of patients with AML, we
used the typical 7+3 protocols (cytarabine and
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doxorubicin/daunorubicin), and the all-trans retinoic
acid (ATRA)-based regimens for acute promyelocytic
leukemias. Since November 2010, we started to in-
troduce more intensive induction therapies in patients
with AML, including the 7+3+7 protocol (adding eto-
poside) and intermediate or high doses of cytarabine
(IDAC and HIDAC, respectively).

Ethics approval

The study was approved by the institutional review
boards of ethics and research of our institution.

Flow cytometry

Ethylenediaminetetraacetic acid anticoagulated blood,
bone marrow, or both specimens were processed and
stained using a pre-lysing technique with a variable
combination of the following antibodies: CD2, surface
CD3 (sCD3), cytoplasmic CD3 (cCD3), CDS5, CD7,
CD10,CD11b,CD13,CD14,CD15,CD19,CD20,CD22,
CD33, CD34, CD41, CD56, CD61, CD64, cCD79a,
CD117, CD235a, anti-MPO, HLA-DR, slgM, clgM. An
eight-color flow cytometry panel was used, which in-
cluded the following fluorochromes: phycoerythrin (PE),
fluorescein isothiocyanate (FITC), peridin chlorophyll
(PerCP), allophycocyanin (APC), V450 and V500, PE
and cyanine dye 7 (PE-Cy7), and PerCP-Cy5.5. Data
were obtained and analyzed on a FACSCanto™ Il flow
cytometer (Becton Dickinson Immunocytometry
Systems, San José, CA, USA) with the aid of the
FACSDIVA™ software (Becton Dickinson, San José,
CA, USA). The samples were analyzed using flow cy-
tometry with a CD45 gating technique, which allowed
the analysis of only the blast population. The expres-
sion of cytoplasmic markers (MPO, CD3, CD79%a and
lgM) and CD34 was considered positive if these
markers were present in 10% or more of the blast
population, 20% or more of the blast population for
myeloid markers and HLA-DR, and 30% or more for
lymphoid markers?8.

Statistical analysis

For categorical parameters, the two-tailed Chi-square
and the Fisher exact tests were used for group com-
parison. For continuous variables, the Mann-Whitney,
Kruskal-Wallis, and the median test were used to com-
pare non-normal data between groups. For the survival
analysis, the log-rank test was used in the univariate
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analysis, and the Cox regression test was used for the
multivariate analysis. Statistical analysis was per-
formed with the SPSS Software package, v21.0 (SPSS
Inc., Chicago, USA).

RESULTS
Clinical and laboratory features

A total of 433 patients with AL were diagnosed and
treated at our institution between 2005 and 2015.
Acute lymphoblastic leukemia was diagnosed in 216
patients (49.9%), AML in 208 (48%), and MPAL in nine
(2.1%). The median follow-up was seven months (range
0-123). Patients were divided into two groups: a group
characterized by the presence of aberrant markers and
another group without such markers. The clinical
and laboratory characteristics at the time of diagnosis
are shown in table 1; there were no statistical signifi-
cant differences between both groups at diagnosis.

Association of aberrant markers
with clinical outcomes

Expression profile of aberrant markers

One hundred and twenty-eight (128/433, 29.6%)
patients with AL expressed aberrant markers, distrib-
uted as follows: 86 patients (19.9%) expressed one
marker, 24 (5.5%) expressed two, and nine (2.1%)
expressed three or more markers. The other nine pa-
tients (2.1%) were diagnosed with MPAL, and their
blast cells expressed both myeloid and B-cell markers.

Expression of aberrant markers
in acute lymphoblastic leukemia

In the 64 patients (64/216, 29.7%) who were diag-
nosed with ALL and expressed aberrant markers, these
antigens were distributed as follows: 53 (82.8%) ex-
pressed myeloid markers, eight B-cell ALL (12.5%)
expressed myeloid and T-cell markers simultaneously,
two B-cell ALL (3.1%) expressed T-cell markers, and
one T-cell ALL (1.6%) expressed a B-cell marker. Of the
57 patients that had B-cell ALL, the most frequent ab-
errant markers were CD13, CD33, CD15 and CD2. In
the seven patients with T-cell ALL, CD13 and CD33
were also the most frequent markers. Detailed data of
aberrant markers expression is presented in table 2.
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Table 1. Demographic and clinical characteristics of patients

Without aberrant markers With aberrant markers p
No. patients (%) No. patients (%)
(n =305) (n=128)

Gender 0.916
Male 167 (54.8) 71 (55.5)
Female 138 (45.2) 57 (44.5)

Age, years
Median (range) 40 (15-88) 39 (16-85) 0.96
> 65 48 (15.7) 18 (14.1) 0.77

Cell lineage 0.517*
ALL 152 (49.8) 64 (50)
AML 153 (50.2) 55 (43)
MPAL - 9(7)

Leukemia etiology 0.445
De novo 282 (92.5) 115 (89.8)
Secondary 23 (7.5) 13 (10.2)

Risk 0.516
Non-high risk 192 (63) 76 (59.4)
High risk 113 (37) 52 (40.6)

ECOG 0.458
0 43 (14.1) 14 (10.9)
1-2 193 (63.3) 73 (57)
3-4 8 (2.6) 3(2.3)

Hemoglobin, g/dI 0.964
Median (range) 8.19 (3.4-15.4) 8.3 (4.8-14.6)

Leukocyte count, x10°/1 0.52
Median (range) 7.5 (0.1-422.9) 5.75 (0.2-337.0)

Platelet count, x10%/I 0.665
Median (range) 38 (5-1,123) 33 (0-472)

Blasts, %
PB, median (range) 44.5 (1-98) 62 (5-100) 0.763
BM, median (range) 48 (1-98) 61.6 (2-94) 0.788

* Fisher’s exact test was used for the comparison of the presence of antigen markers between acute myeloid leukemia and acute lymphoblastic

leukemia only.

ALL: acute lymphoblastic leukemia; AML: acute myeloid leukemia; BM: bone marrow; ECOG: Eastern Cooperative Oncology Group;

MPAL: mixed-phenotype acute leukemia; PB: peripheral blood.

Expression of aberrant markers in acute
myeloid leukemia

Of the 55 patients (55/208, 26.4%) who were diag-
nosed with AML and expressed lymphoid markers,
31 (56.4%) expressed T-cell markers, 19 (34.5%) ex-
pressed B-cell markers, and five (9.1%) expressed both
T-cell and B-cell markers. The most frequent lymphoid
markers in AML were CD7, CD19, CD2, and CD22.

Association of aberrant markers
with complete remission and relapse
rates

Of the 433 patients with AL, 242 (55.9%) achieved
CR, 140 (32.3%) relapsed at least once, and 293 pa-
tients (67.7%) died. The differences between the
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groups with and without aberrant markers are shown
in table 3. The only statistically significant difference
between the two groups was the number of deaths:
64.6% in the aberrant-free group vs. 75% in the indi-
viduals with aberrant markers (p = 0.042).

Association of aberrant markers
with overall and disease-free survival

In the univariate analysis, the median OS of the group
without aberrant markers was 12 months (range
0-114) vs. eight months (0.07-123) in the group with
aberrant markers (p = 0.06); median DFS in the group
without markers was 13 months (range 0-109) vs.
eight months (0-84) in the group with aberrant mark-
ers (p = 0.03) (Fig. 1). In the univariate analysis, the
variables that had a negative impact on OS were: age
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Table 2. Expression of aberrant markers in acute leukemia

Aberrant AML B-cell ALL T-cell ALL
Marker No. patients  No. patients No. patients
(%) (%) (%)
(n = 55) (n =57) (n=17)
CD2 9 (16.4) 6 (10.5) -
CD5 1(1.8) 1(1.7) -
CDh7 21 (38.2) 5(8.8) -
CD10 3(5.5 - -
CD11b - 5(8.8) 2 (28.6)
CD13 - 37 (64.9) 6 (85.7)
CD14 - 1(1.7) 0
CD15 - 15 (26.3) 2 (28.6)
CD19 11 (20.0) - 0
CD20 1(1.8) - 0
CD22 8 (14.5) - 0
CD33 - 18 (31.6) 3(42.8)
CD41a - 1(1.7) 0
CD56 6 (10.9) 1(1.7) -
CD64 - 1(1.7) 0
CD79a 6 (10.9) - 1(14.3)
CD117 - 5(8.8) 2 (28.6)

ALL: acute lymphoblastic leukemia; AML: acute myeloid leukemia.

at diagnosis (= 65 years), etiology of AL (secondary
leukemia), risk at diagnosis (high risk), initial ECOG
(= 3), and lack of CR (Table 4).

For DFS, the variables that negatively affected this
clinical endpoint were: gender (male), cell lineage
(lymphoid), etiology of AL (secondary), risk at diag-
nosis (high risk), and, as stated before, the presence
of aberrant markers. In the multivariate analysis,

Table 3. Complete remission, relapse, and overall and dis-
ease-free survival rates

Without With aberrant p

aberrant markers

markers No. patients

No. patients (%)
(%) (n=128)

(n = 305)

Complete 170 (55.7) 72 (56.3) 1.000
remission

Relapse 95 (31.1) 45 (35.2) 0.432
Deceased 197 (64.6) 96 (75.0) 0.042

which included all of the variables that had a statisti-
cally significant impact, only DFS was affected in a
statistically significant manner by the presence of
aberrant markers (Table 4).

When comparing the number of aberrant markers on
the leukemic blast population, no statistically signifi-
cant association was observed between the patients
that had one, two, or three or more aberrant antigens
and DFS or OS. However, in patients with three or more
aberrant markers, there was a trend towards a short-
er DFS and OS (p = 0.06 and p = 0.059, respectively).

Association of specific aberrant markers
with overall and disease-free survival

The individual analysis of specific aberrant markers
showed a lower OS in patients with AML that ex-
pressed CD20 (nine months in CD20-negative vs.

Figure 1. Association of aberrant markers with overall survival (A) and disease-free survival (B) (log-rank test).
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Table 4. Univariate and multivariate analysis of factors influencing overall survival

Variables 0OS, months Univariate Multivariate
Median (range) p HR (95% CI) p
Age, years <0.001 0.79 (0.548-1.444) 0.213
<65 13 (0-123)
> 65 3 (0-28)
Gender 0.170
Lineage 0.163
Etiology < 0.001 1.058 (0.673-1.665) 0.806
De novo 12 (0-123)
Secondary 5(0.23-30)
Risk 0.042 1.098 (0.836-1.441) 0.502
Non-high risk 12 (0-114)
High risk 8 (0-123)
ECOG < 0.001 1.447 (1.204-1.704) < 0.001
0 17 (0-84)
1-2 10 (0-54)
3.4 8 (0-12)
Aberrant markers 0.06
Complete remission < 0.001 0.134 (0.096-0.188) < 0.001
Not achieved 2 (0-48)
Achieved 19 (1-123)

ECOG: Eastern Cooperative Oncology Group; OS: overall survival.

0.13 months in CD20-positive) (p < 0.001) and in
patients with ALL that expressed CD33 (13 months
in CD33-negative vs. six months in CD33-positive)
(p = 0.01). Additionally, DFS was shorter in the pa-
tients with AML that expressed CD10 (18 months in
CD10-negative vs. two months in CD10-positive)
(p = 0.001) (Fig. 2).

Other associations

We also analyzed the adjusted prognostic value of the
aberrant antigens in the non high-risk and high-risk
groups. For OS, we found no significant differences in
the median survival between the non high-risk group
and the high-risk group (p = 0.066) (Table 4). Regard-
ing DFS, we found a statistically significant difference
between the non high-risk group and the high-risk
group (p = 0.047) (Table 5).

Impact of the treatment regimens

Of the 216 patients diagnosed with ALL, 196 (90.7%)
received a proper induction therapy, divided as follows:
112 patients (57.1%) received the hyper-CVAD or
derived regimens, 56 (28.6%) received local or insti-
tutional regimens, 11 (5.6%) were treated with pedi-
atric based protocols, and 17 patients (8.7%) received
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other induction protocols. When adjusting the prog-
nostic value of the aberrant antigens between the
different treatments used, we found no significant
differences in OS and DFS in the patients treated with
hyper-CVAD or derived regimens. On the other hand,
DFS was significantly different between patients that
received the local or institutional regimens (p = 0.044)
(Table 6).

Regarding the patients with AML, 137 (65.9%) re-
ceived an induction therapy as follows: 81 (59.1%)
received a typical 7+3 protocol, 17 (12.4%) received
an intensive induction protocol (either 7+3+7 or IDAC/
HIDAC), and 18 patients (13.1%) received other in-
duction protocols. The remaining 21 patients (15.4%)
had acute promyelocytic leukemia and all received an
ATRA-based regimen. When adjusting the prognostic
value of the aberrant antigens between the different
treatments used, we found no significant differences
in OS or DFS.

DISCUSSION

In our study, aberrant antigens were expressed in
27.5% of patients with AL (27.8% of ALL and 26.4%
of AML patients; p = 0.517). In both, B-cell and T-cell
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Figure 2. Aberrant expression of CD20 in acute myeloid leukemia (A) and CD33 in acute lymphoblastic leukemia (B) and their
association with overall survival; and CD10 in acute myeloid leukemia, (C) and its association with disease-free survival
(log-rank test).
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Table 5. Univariate and multivariate analysis of factors influencing disease-free survival

Variables DFS, months Univariate Multivariate
Median (range) p HR (95% CD) p
Age 0.647
Gender 0.025 0.678 (0.483-0.952) 0.025
Male 9 (0-94)
Female 17 (0-109)
Lineage < 0.001 0.911 (0.637-1.305) 0.612
Lymphoid 9 (0-93)
Myeloid 18 (0-109)
Etiology 0.065
Risk < 0.001 2.452 (1.694-3.551) < 0.001
Non-high risk 17 (0-109)
High risk 6 (0-84)
ECOG 0.179
Aberrant markers 0.03 1.488 (1.040-2.127) 0.03
Absence 13 (0-109)
Presence 8 (0-84)

DFS: disease-free survival; ECOG: Eastern Cooperative Oncology Group.
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Table 6. Prognostic value of aberrant markers adjusted to risk at diagnosis and treatment protocols

Variables OS, months p DFS, months p
Median (range) Median (range)

Risk at diagnosis 0.066 0.047
Non-high risk without aberrant markers 13 (0-114) 23 (0-109)
Non-high risk with aberrant markers 11 (0.67-88.0) 11 (0-84)
High risk without aberrant markers 11 (0-65) 8 (0-63)
High risk with aberrant markers 7 (0.13-123.0) 3 (0-84)

ALL protocols
Hyper-CVAD regimens without aberrant markers 14 (1-71) 0.656 12 (0-70) 0.578
Hyper-CVAD regimens with aberrant markers 15 (67-104) 11 (0-84)
Institutional regimens without aberrant markers 16 (1-94) 0.234 11 (0-91) 0.044
Institutional regimens with aberrant markers 6 (0.4-123.0) 3 (0-41)

AML protocols
Intensive regimens without aberrant markers 25 (1-38) 0.501 30 (0-37) 0.538
Intensive regimens with aberrant markers 19 (14-50) 11 (3-49)
7+3 without aberrant markers 13 (0.2-106.0) 0.655 13 (0-95) 0.446
7+3 with aberrant markers 6 (0.46-88.0) 11 (0-84)

ALL: acute lymphoblastic leukemia; AML: acute myeloid leukemia; DFS: disease-free survival; Hyper-CVAD: hyper-fractionated
cyclophosphamide, vincristine, doxorubicin and dexamethasone; OS: overall survival; 7+3: cytarabine and doxorubicin/daunorubicin.

ALL, CD13 and CD33 were the most common aber-
rant markers, and in patients with AML the most com-
mon were CD7, CD19, CD2 and CD22. As stated
before, no consensus exists on the frequency of aber-
rant markers, as exemplified by the lack of agreement
in several studies!®-2.

A statistically significant association has been reported
between the presence of myeloid markers in adult
ALL and a lower CR rate, as well as a shorter surviv-
al?’. In our study, in addition to a higher number of
deaths, patients with aberrant markers had an infe-
rior DFS when compared with the aberrant-free in-
dividuals in both the univariate and multivariate
analyses. It is important to state that in the multi-
variate analysis, the inferior DFS was statistically sig-
nificant in spite of the presence of certain factors
that, in the univariate analysis, predicted a worse out-
come. Furthermore, a trend was observed in our results
regarding a lower DFS when three or more aberrant
markers were present.

The presence of CD33 as an aberrant marker in pa-
tients with ALL has been related with a poor prognosis
or with a lack of any clinical impact?®. Other research-
ers have shown an association between the presence
of CD7, CD56, and CD79 as aberrant markers and a
poor outcome in patients with AML2%30, |n the present
study, AML patients expressing CD20 and ALL pa-
tients expressing CD33 as aberrant markers achieved
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a shorter OS than the survival attained by the aber-
rant-free group. Additionally, AML patients had a
shorter DFS when CD10 was expressed as an aber-
rant marker.

One of the advantages of this study is the inclusion
of a rather large adult population with AL expressing
aberrant markers. Furthermore, when comparing the
prognostic value of the aberrant markers adjusted by
the risk at diagnosis and by the use of the different
induction chemotherapies, we found that patients
who presented aberrant markers and were catego-
rized as high risk at diagnosis, or were treated with
local or institutional regimens, had a worse median
DFS than those with the same characteristics but
without aberrant markers. Therefore, we can state
that the use of hyper-CVAD should be preferred over
the local or institutional regimens when treating pa-
tients with ALL who present aberrant markers. More-
over, based on this research, the use of aggressive
treatment strategies (i.e. as in high-risk individuals)
could be suggested in the aforementioned patients,
as well as AML patients expressing CD10 and CD20
and ALL patients expressing CD3331:32,

Based on the fact that the literature is inconclusive
about the significance and frequency of this phenom-
enon, and considering that this study had some limita-
tions due to its retrospective nature and to the use of
rather heterogeneous induction regimens, we cannot



SERGIO RODRIGUEZ-RODRIGUEZ, ET AL.: ABERRANT ANTIGENS IN ACUTE LEUKEMIA

suggest the immediate translation of our results into
everyday clinical practice. Thus, to reach a consensus
on the meaning and frequency of this phenomenon,
we suggest that future research could follow these
recommendations: (i) uniformity in the threshold for
positivity of the various antigens; (ii) standardization
of the monoclonal antibodies used to detect these
antigens; (iii) use of similar populations in a given
study; and (iv) use of similar chemotherapeutic regi-
mens, which might affect the outcome of patients
with AL when interpreting the prognostic significance
of an aberrant marker33.
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