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Abstract
Additional cytogenetic abnormalities (ACAs) in patients with chronic myeloid leukemia (CML) are related to an
increased risk of treatment failure, leukemic progression, and decreased survival. The aim of this study was to
outline the impact of ACA emergence in Mexican patients with CML. We retrospectively analyzed clinical data
from adult patients with CML treated with upfront imatinib between January 2001 and December 2016. Ninety-
seven patients were included. ACAs were found in 30 patients, 90% detected in the CML-chronic phase.
Complete cytogenetic response rate, progression-free survival at 10 years, and failure-free survival at 10 years
were significantly inferior in the ACA group. This study demonstrates the adverse impact of ACA over clinical
outcomes in a Latin American population.
Introduction: Additional cytogenetic abnormalities (ACA) in patients with chronic myeloid leukemia (CML) are related
to an increased risk of treatment failure, leukemic progression, and decreased survival. Currently, there are scarce data
available for the Latin American population. The aim of this study was to outline the impact of ACA emergence in
Mexican patients with CML. Methods: We retrospectively analyzed clinical data from adult patients with CML treated
with upfront imatinib between January 2001 and December 2016. Two groups were defined for comparison according
to the presence or absence of ACA. Results: Ninety-seven patients were included. ACAs were found in 30 patients,
20% at diagnosis and 80% during follow-up. In 90% of the patients, ACA emergence was detected in the CML-
chronic phase. Regarding clinical outcomes, the complete cytogenetic response rate (16.5% vs. 59.8%; P < .001),
progression-free survival (PFS) at 10 years (76% vs. 95%; P ¼ .009), and failure-free survival (FFS) at 10 years (16%
vs. 73%; P < .001) were significantly inferior in the ACA group. Multivariate analysis confirmed that ACA emergence
was a deleterious independent prognostic factor for PFS (hazard ratio [HR] 8.9; 95% confidence interval [CI] 1.35
e58.4; P ¼ .023) and FFS (HR 3.7; 95% CI 1.54e8.58; P ¼ .003). Conclusions: This study confirms previously re-
ported data regarding the adverse impact of ACA over clinical outcomes in a Latin American population.
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Introduction
Chronic myeloid leukemia (CML) is a hematological neoplasm

that is characterized by the presence of the translocation
t(9;22)(q34;q11) or Philadelphia chromosome (Phþ), which encodes
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a protein with abnormal tyrosine kinase activity that causes uncon-
trolled cellular division and inhibition of apoptosis, resulting in
leukemogenesis.1-4 The introduction of tyrosine kinase inhibitors
(TKIs) inCML treatment has allowed increased overall response rates.
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Table 1 Patient Baseline Characteristics at Diagnosis

Characteristic ACA (n [ 30) No ACA (n [ 67) N [ 97 P

Median age, y (range) 37.5 (17e71) 34 (17e79) 35.5 (17e79) .661

Male gender, n (%) 14 (46.6) 36 (53.7) 50 (51.5) .741

Symptoms at diagnosis, n (%) 29 (96.6) 61 (91) 90 (92.7) .431

Anemia 17 (56.6) 39 (40.2) 56 (57.7) .885

Fever 14 (46.4) 23 (23.7) 37 (38.1) .248

Weight loss 21 (70.0) 42 (43.3) 63 (63.4) .485

Splenomegaly, n (%) 23 (76.6) 51 (76.0) 74 (74.6) .953

Laboratory data, median (range)

Hemoglobin (g/dL) 11.3 (7e16) 10.6 (6e17) 10.8 (6e17) .581

Leukocytes (� 109/L) 167.5 (4.5e455) 133 (3.2e886) 136 (3.2e886) .290

Platelets (� 109/L) 584 (78e1.407) 382 (65e1924) 438 (65e1924) .038

Basophiles (%) 4 (0e25) 3 (0e37) 4 (0e37) .931

PB-Blasts (%) 1 (0e5) 0 (0e13) 1 (0e13) .370

Myelofibrosis, n (%) 13 (43.3) 31 (46.2) 44 (45.3) .782

Eutos risk, n (%)

High 26 (86.6) 52 (77.6) 78 (80.4) .291

Low 4 (13.4) 15 (22.4) 19 (19.6)

Hasford risk, n (%)

High 2 (6.7) 9 (13.4) 11 (11.3) .585

Intermediate 10 (33.3) 23 (69.7) 33 (34) .095

Low 18 (60) 35 (52.2) 53 (54.6) .338

Diagnostic phase, n (%)

Chronic 27 (90) 59 (88.1) 86 (88.7) .991

Accelerated 2 (6.7) 7 (10.4) 9 (9.3) .718

Blastic 1 (3.3) 1 (1.5) 2 (2.1) .716

Abbreviations: ACA ¼ additional cytogenetic abnormality; PB ¼ peripheral blood.
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Additional Cytogenetic Abnormalities in CML
Currently, treatment has achieved a complete cytogenetic response
(CCyR) in 92%, major molecular response (MMR) in 84%, and
overall survival (OS) at 5 years of 92% in patients treated first-line
with these medications.4-9 However, between 7% and 10% of pa-
tients fail treatment, and 5% to 7%of patients progress to an advanced
disease phase.10-12 Previous studies have identified the presence of
additional cytogenetic abnormalities (ACAs) as a potential risk factor
in not presenting an adequate response to treatment.13-15

ACAs are additional chromosomal abnormalities present in Phþ
cells that reflect chromosomal instability.14,15 These abnormalities
are characterized as having heterogeneous behavior and a variable
frequency of presentation. Prevalence has been reported at diagnosis
in the chronic phase (CML-CP) in 10%, increasing to 30% and
90% in the accelerated phase (CML-AP) and blastic phase (CML-
BP).16-18 Because ACAs constitute a constellation of random ab-
normalities, information related to their impact over the course and
prognosis of CML remains contradictory.19-21

In 2007, the European Leukemia Net (ELN) proposed an ACA
classification according to the frequency of presentation defining 2
groups: major route, which included the most common ACA (tri-
somy 8, double Phþ, isochromosome 17[i17][q10], trisomy 19,
and complex cytogenetics), and minor route, including the less
common ACA (trisomy 21, t[3;12], t[4;6], t[2;16], and t[1;21]). In
contrast with minor route ACAs, major route ACAs appear most
nical Lymphoma, Myeloma & Leukemia Month 2019
commonly during disease progression and are associated with
treatment failure, thereby confer a poor prognosis.5,6 Subsequent
studies have questioned ELN classification, as certain minor route
abnormalities, such as chromosome 3 and chromosome 11q23, have
been related to TKI resistance and decreased OS, whereas double
Phþ and trisomy 8, originally described as major route ACAs are
not associated with unfavorable outcomes.20-22 In 2016, Wang and
colleagues23 proposed a new ACA classification system according to
cytogenetic risk groups with the aim of objectively evaluating their
individual impact on the CML prognosis. The abnormalities
included in group 2 (i17, 3q26, -7/del 7, and complex cytogenetics)
were associated with a decreased treatment response and decreased
OS, compared with those in group 1 (trisomy 8, extra Ph, and -Y),
which were related to favorable outcomes.23-26

At present, there is scarce information regarding the incidence,
prevalence, and effect over clinical behavior of ACA in the Latin
American patients with CML.27,28 The objective of this study was
to analyze the impact of ACA on the response to therapy and
survival of a cohort of Mexican patients.

Materials and Methods
From January 2001 toDecember 2016, demographic information,

clinical data, and outcomes of patients were retrospectively collected.
We included patients aged �17 years with a diagnosis of CML,



Table 2 Univariate Analysis of Prognostic Factors at 10 Years for OS, PFS, EFS, and FFS

Characteristic OS (%) P PFS (%) P EFS (%) P FFS (%) P

Age group, y

<60 92 .016 92 .969 100 .003 70 .911

�60 76 88 35 53

ACAs

Yes 82 .073 76 .009 15 .068 16 <.001

No 94 95 43 73

Hb (g/dL)

<10 42 .045 87 .487 22 .092 10 .024

�10 93 89 37 65

Splenomegaly

Yes 93 .378 82 .013 20 .016 20 .223

No NA 57 14 14

Blasts BM %

�5 100 .654 100 .628 33 .755 0 .009

<5 71 88 69 55

Eutos risk

High 70 .166 85 .129 29 .630 54 .879

Low 100 100 43 55

Hasford risk

High 100 .215 100 .293 18 .128 45 .100

Low 59 87 34 56

CML phase at
diagnosis

CML-CP 97 .130 88 .857 63 .812 76 .066

CML-AP/BP 81 90 45 40

CCyR at 12 mo

Yes 90 .452 89 .436 36 .001 74 <.001

No 85 86 12 13

CHR

Yes 88 .756 90 <.001 100 .003 100 .002

No 72 33 33 56

Additional Cg
findings

.161 .022 .047 <.001

Ph-CyAbn 95 100 57 95

Non-ACA 92 91 31 57

ACA 81 75 15 16

Bold values represent statistical significance.
Abbreviations: ACAs ¼ additional cytogenetic abnormalities; AP ¼ accelerated phase; BM ¼ bone marrow; BP ¼ blastic phase; CCyR ¼ complete cytogenetic response; CHR ¼ complete he-
matologic response; CML ¼ chronic myeloid leukemia; CP ¼ chronic phase; EFS ¼ event-free survival; FFS ¼ failure-free survival; Hb ¼ hemoglobin; OS ¼ overall survival; PFS ¼ progression-free
survival; Ph-CyAbn ¼ additional cytogenetic abnormalities in Philadelphia-negative cells.
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treated with TKIs as the first-line treatment, with assessable cytoge-
netic studies at diagnosis and/or during the course of disease according
to the International System for Human Cytogenetic Nomenclature
criteria,29 and at least 1 year of follow-up at our institution. The study
was approved by the institutional research and ethics committee.

To define the CML diagnosis as well as its clinical phase, the
World Health Organization 2016 criteria were used.22 In this study,
we did not consider the sole presence of a major route ACA at
diagnosis or during disease evolution as a criterion of the CML-AP.
Response to treatment with TKIs was assessed according to the
2013 ELN criteria,6 being evaluated at 3, 6, 12, and 18 months and
every 12 months thereafter.
ACAs were defined as any additional cytogenetic abnormality
present in Phþ cells. Time and phase of emergence, number of
ACA (1 or � 2), and achieved response to TKI therapy before and
after ACAs emerged, were evaluated. Two groups were defined to
establish comparisons among clinical, demographic, and outcome
characteristics according to the presence or absence of ACAs.

Clinical Endpoints and Statistical Analysis
The OS, event-free survival (EFS), FFS, and PFS were measured

from the start of TKI treatment until the date of interest or death.
EFS was defined as survival without loss of a hematological
response, loss of CCyR or failure to achieve it after 18 months of
Clinical Lymphoma, Myeloma & Leukemia Month 2019 - 3



Figure 1 Kaplan-Meir Curves for Progression-Free Survival and Failure-Free Survival at 10 Years Among Patients With Additional
Cytogenetic Abnormality (ACA) Versus Without ACA (non-ACA) (A, B), and Between ACA Versus Non-ACA Versus Additional
Cytogenetic Abnormalities Found in Philadelphia (Ph) Chromosome Cells (C, D).

Abbreviation: Ph-CyAbn ¼ additional cytogenetic abnormalities in Philadelphia-negative cells.
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treatment, progression or death by any cause with or without
treatment, or cessation of treatment due to toxicity. FFS was defined
as survival with any of the previously described events except sus-
pension of treatment due to toxicity. PFS implies survival without
progression to CML-AP or CML-BP.

Categorical variables were described as frequencies and pro-
portions. Continuous variables were described in terms of medians
and ranges or averages and standard deviations according to their
Gaussian distributions. Fisher’s exact test was used to compare
differences between numerical values, and the Student t test was
used to compare categorical variables. The Kaplan-Meier method
was used to construct survival curves, and differences between
groups were analyzed using the log-rank test. We used the Cox
nical Lymphoma, Myeloma & Leukemia Month 2019
regression model for the multivariate analysis. A P � .05 was
considered statistically significant. We used the SPSS version 21.0
software (IBM Corp, Armonk, NY) to perform the data analysis.

Results
A total of 97 patients were included. The median age at diagnosis

was 35 years (range, 13e79), 51.5% (n ¼ 50) were male, and
88.7% (n ¼ 86) were diagnosed in CML-CP. A total of 30 patients
(30%) presented with at least one ACA, 11 patients (20%) at
diagnosis and 19 patients (80%) during follow-up. Additional
baseline characteristics are presented in Table 1. When comparing
the baseline characteristics between groups, no statistically signifi-
cant differences were found except for the platelet count, which was



Table 3 Multivariate Analysis of Prognostic Factors at 10
Years for OS, PFS, FFS, and EFS

Characteristic HR (95% CI) P

OS

Age < 60 y 0.18 (0.029e1.18) .075

ACA 5.5 (0.80e38.1) .081

Hb < 10 g/dL 2.4 (0.45e13.0) .301

CHR 0.02 (0.001e0.52) .018

CCyR at 12 m 2.1 (0.26e17.9) .465

PFS

ACA 8.9 (1.35e58.4) .023

Hb < 10 g/dL 1.6 (0.33e8.31) .540

CHR 0.039 (0.02e0.625) .022

CCyR at 12 m 1.65 (0.28e9.47) .578

FFS

Age < 60 y 0.87 (0.193e3.97) .863

ACA 3.7 (1.54e8.58) .003

Hb < 10 g/dL 2.2 (1.04e4.85) .073

CHR 0.58 (0.126e2.73) .498

CCyR at 12 mo 0.178 (0.074e0.425) <.001

EFS

Age <60 y 0.29 (0.134e0.66) .003

ACA 1.51 (0.78e2.91) .215

Hb < 10 g/dL 1.55 (0.85e2.84) .149

CHR 0.46 (0.10e2.01) .303

CCyR at 12 m 0.35 (0.18e0.70) .003

Bold values represent statistical significance.
Abbreviations: ACA ¼ additional cytogenetic abnormalities; CCyR ¼ complete cytogenetic
response; CHR ¼ complete hematologic response; EFS ¼ event-free survival; FFS ¼ failure-
free survival; Hb ¼ hemoglobin; OS ¼ overall survival; PFS ¼ progression-free survival.
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greater in the ACA group (584 � 109/L vs. 382 � 109/L; P ¼
.038). The median follow-up of patients was 85.3 months for the
ACA group and 82.3 months for the non-ACA group.

Impact of ACA on Clinical Outcomes
The CCyR rate achieved at 12 months in the group with ACA at

diagnosis (n ¼ 11) was 45.5% versus 60.5% for patients without
ACA (n ¼ 67; P ¼ .49). The proportion of patients who main-
tained CCyR until the end of follow-up was significantly lower in
the ACA group versus the non-ACA group (16% vs. 58%; P ¼
.001).

At 10 years, the OS in the entire group was 90%, with no sta-
tistically significant difference between the ACA and non-ACA
groups (82% vs. 94%; P ¼ .073). In the univariate analysis,
patients � 60 years of age had worse OS than those < 60 years of
age (76% vs. 92%; P ¼ .016), and likewise, patients with hemo-
globin (Hb) < 10 g/dL had worse OS than those with Hb � 10 g/
dL (42% vs. 93%; P ¼ .045) (Table 2). At the time of analysis, 9
patients had died, including 5 (16%) in the ACA group and 4 (6%)
in the non-ACA group. In the ACA group, 100% of the deaths were
secondary to disease progression, whereas in the non-ACA group,
50% died due to disease progression, 25% due to infections, and
the remaining 25% due to cardiovascular causes.
The PFS of the whole cohort at 10 years was 88%. According to
the univariate analysis, lower PFS was associated with the presence
of ACA (76% vs. 95%; P ¼ .009) (Figure 1), the presence of
splenomegaly (57% vs. 82%; P ¼ .013), and not achieving a
complete hematological response (CHR; 33% vs. 93%; P � .001)
(Table 2).

Patients had a 32% EFS at 10 years. In the ACA group, a trend
toward a lower EFS was observed when compared with the non-
ACA group (15% vs. 43%; P ¼ .068). In the univariate analysis,
the subgroups of patients � 60 years of age (35% vs. 100%; P ¼
.003), with splenomegaly (14% vs. 20%; P ¼ .016), without CCyR
at 12 months (12% vs. 36%; P ¼ .001), and without a CHR (33%
vs. 100%; P ¼ .003) showed lower EFS (Table 2).

The FFS rate at 10 years was 55%. Patients with ACAs showed a
lower FFS than those without ACAs (53% vs. 70%; P < .001)
(Figure 1). The presence of Hb < 10 g/dL (10% vs. 65% Hb > 10
g/dL, P ¼ .024), absence of CCyR at 12 months (13% vs. 74%
CCyR at 12 m, P < .001), and absence of CHR (56% vs. 100%
CHR, P ¼ .002) were factors associated with lower FFS (Table 2).

The multivariate analysis confirmed the presence of ACA as an
independent prognostic factor for lower PFS (hazard ratio [HR] 8.9;
95% confidence interval [CI] 1.35e58; P ¼ .023) and FFS (HR
3.7; 95% CI 1.54e8.58; P ¼ .003) (Figure 1). Furthermore, the
presence of CHR remained as an independent prognostic factor for
higher OS (HR 0.02; 95% CI 0.001e0.52; P ¼ .018) and PFS
(HR 0.039; 95% CI 0.02e0.625; P ¼ .022). Achieving CCyR at
12 months proved to be an independent factor for higher FFS (HR
0.178; 95% CI 0.074e0.425; P < .001) and EFS (HR 0.35; 95%
CI 0.18e0.70, P < .003). An age < 60 years persisted as an in-
dependent prognostic factor for higher EFS (HR 0.29; 95% CI
0.134e0.66; P < .003) (Table 3).

Descriptive Analysis of ACA
Two or more ACAs were found in 15 patients (50%), individ-

ually, the most common ACA was trisomy 8, which appeared in 3
patients (10%). The presence of a complex karyotype was observed
in 12 patients (40%). A detailed description of the ACAs found in
our population is provided in Table 4.

Cytogenetic Abnormalities in Philadelphia-negative Cells
The presence of other cytogenetic abnormalities was found in 24

subjects (24.7%) with CCyR and/or an MMR (Ph�). Their impact
on survival was analyzed by comparing groups of patients with and
without ACA. We found that only the group with ACA was asso-
ciated with lower FFS (95% vs. 57% without ACAs vs. 16% with
ACAs; P � .001) (Figure 1), EFS (57% vs. 31% without ACAs vs.
15% with ACAs; P ¼ .047), and PFS rates (100% vs. 91% without
ACAs vs. 75% with ACAs; P ¼ .022) (Figure 1).

Discussion
Various studies of Western populations have demonstrated the

adverse impact of the presence of ACAs on the clinical course and
prognosis of patients with CML.15,19,23,24 In previous Latin
American studies, patients with CML have shown to present
different demographic, epidemiological, and clinical characteristics,
which impact in their treatment responses and clinical out-
comes.27,30 The adverse impact of ACA over OS in Latin American
Clinical Lymphoma, Myeloma & Leukemia Month 2019 - 5



Table 4 Demographic and Clinical Data for the 30 Patients With ACAs

Pt Age, y Description Emergence Phase Emergence Time Final Status Response

1 53 Polyploidy CP Diagnosis Alive

No CyR

2 71 (þ21) CP Course Dead

No CyR

3 30 (-2), (-7), (-8), (-11), (-14), (-17), (-20), (-21),
(-22), (-Y)

CP Diagnosis Alive MMR

Monosomies CP Course

4 44 (-2), (-13) CP Course Alive CCyR

5 24 (-3), (-5) (-6), (-8), (-12), (-13), (-17), (-22) CP Course Alive

(-10) CP Course No CyR

6 34 t(5;12) BP Diagnosis Alive CCyR

7 32 (-3), (-4), (-5), (-7), (-9), (-10), (-12), (-13), (-15),
(-17), (-22), (-X), (-Y)

CP Course Alive CCyR

8 43 Extra-Phþ, der(2), (-8), (-9), (-10), (þ12), (-13),
(-15), (-21), þmar

CP Diagnosis Alive

(-16), der(22) CP Course CCyR

9 34 (-12), (-14), (-18) CP Course Alive CCyR

10 19 (-5), (-7), (-16), (-X) CP Course Alive MMR

11 36 (-8), (þ18) CP Course Alive CCyR

12 32 Polyploidy, Extra-Phþ, der(22) AP Course Dead

(-2), (-3), (-4), (-7), (þ8), (-10), (-11), (þ15),
(þ16), (-17), (þ20), (-22), der (22)

AP Course No CyR

i(17) AP Course

13 64 Hyperploidy der (22) CP Diagnosis Alive PCyR

14 17 t(1;9;22), polyploidy CP Course Alive MMR

15 62 (-16), (-17) CP Course Alive CCyR

16 32 der (22), (þ7) CP Course Alive

No CyR

17 25 (-13), (þ17), (-21) CP Course Alive CCyR

18 39 Monosomies CP Course Alive CCyR

19 56 (-1), (-4), (-6), (-11), (-22) (-12), (-13), (-20), (-21) CP Diagnosis Dead

No CyR

20 36 (-16), (-17), (-21), (-22) CP Course Alive

No CyR

21 33 (-15), (-16), (-17) CP Course Alive CCyR

22 48 der (9),der (11) CP Course Alive CCyR

23 43 (þ8) CP Course Dead

No CyR

24 44 der (9),der(22) CP Diagnosis Alive

der (9), der (22) Course No CyR

25 23 (þ8) CP Course Alive mCyR

26 44 (þ8) A Cours Dead

No CyR

27 52 t(3;9;22) CP Diagnosis Alive mCyR

t(3;9;22) CP Course

28 46 t(9;14;22) CP Diagnosis Alive CCyR

29 61 t(3;9;22) CP Diagnosis Alive

t(3;9) Course CCyR

30 17 der (16) CP Diagnosis Alive PCyR

Abbreviations: AP ¼ accelerated phase; BP ¼ blastic phase; CCyR ¼ complete cytogenetic; CP¼ chronic phase; mCyR ¼ minor cytogenetic response; MMR ¼ major molecular response; no CyR ¼
no cytogenetic response; PCyR ¼ partial cytogenetic response.

Additional Cytogenetic Abnormalities in CML
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population has only been analyzed in the context of imatinib-
resistant CML-CP patients with ACA emergence during the
course of disease.31 The present study is the first report to evaluate
the impact of ACA at diagnosis and follow-up, on a Mexican patient
population with CML treated with first-line imatinib.

The incidence of ACA reported in this study as well as the time of
emergence are similar to those reported in previous studies from other
populations.13,23-26 Regarding types of ACA, the most common
isolated ACA was trisomy 8. Up to 40% of patients presented a
complex karyotype, the presence of this abnormality was greater than
that reported in recent studies fromWestern populations,13,23,24 but
consistent with its association to an adverse impact previously
described. Wang and colleagues23,24 have reported that the presence
of this cytogenetic abnormality is directly associated with progression
to blastic phase, treatment failure, and lower OS.

Other groups have described certain clinical and demographic
characteristics associated with the presence of ACA, including an
earlier age of presentation and lower CCyR rates.13-16 In our study,
the median age of patients with ACA was not different from that of
patients without ACA; however, higher numbers of platelets were
found. Although this finding has not been described in previous
studies, thrombocytosis is considered an adverse prognostic factor in
CML and is included in the risk-scoring systems of Sokal and
colleagues32 and Hasford and colleagues.33,34

Interestingly, 90% of the ACAs in our study emerged in the
chronic disease phase, which was different from reports found in the
literature.16,19 One possible explanation may be that we have limited
access to second-generation TKIs in our country, most of our patients
receive imatinib as a first-line treatment; conferring longer median
times to reach CCyR than patients treated with dasatinib or nilotinib
(11 months vs. 3 months).10-12 We believe that this situation allows
longer exposure to the deleterious effect of the Philadelphia chro-
mosome and subsequently increases the risk of ACA emergence.

Regarding clinical outcomes, we observed that the proportion of
patients who maintained CCyR until the final follow-up was
significantly lower in the group of patients with ACA compared
with the non-ACA group. Similarly, we confirmed with multivariate
analysis that the presence of ACA was an independent prognostic
factor associated with lower PFS and FFS. These results support
those described by previous studies19,23,24 on the deleterious effects
of ACA in CML, especially as an independent risk factor for pro-
gression to an advanced disease phase and TKI treatment failure.

Previous reports indicated that up to 8% of patients with CML in
CCyR and/or with a MMR develop cytogenetic abnormalities in
Ph� cells (Ph-CyAbn).35-38 However, to the best of our knowledge,
no study has comprehensively evaluated their impact on clinical
outcomes by comparing this group with patients with ACA. In this
study, we observed a higher proportion (24.7%) of patients with
Ph-CyAbn, and on the analysis of their prognostic impact, we
confirmed that these patients were not associated with poor out-
comes. These findings support previous reports affirming that these
non-ACA abnormalities are transitional genomic instability events
that appeared during TKI therapy and had no repercussions for the
treatment response or required treatment modification.35,38,39

We recognize that due to the retrospective nature of our study
and because the information we present comes from only one
center, we have limitations that made us unable to classify our
patients ACA into the “major” route and “minor” route or into risk
groups to establish comparisons and further evaluate their individual
impacts. In addition, in terms of timing, we were unable to establish
differences between the effects of ACA appearing at diagnosis
versus during evolution and their respective impacts on clinical
outcomes.

Conclusion
This study describes and confirms the adverse impact of ACA in a

Latin American population. The chromosomal abnormalities pre-
sented during follow-up in Ph� cells did not appear to confer a
poor prognosis in patients found within CCyR. In Latin America,
encouraging multicenter collaborations is vital to validate our results
and to establish diagnostic strategies and more efficient management
for improvement of outcomes in this group of patients with an
unfavorable prognosis.

Clinical Practice Points

� ACAs in patients with CML have been related to inferior clinical
outcomes in several populations.

� This study confirms previous findings regarding the deleterious
impact of ACAs over achievement of CCyR, and lower PFS and
FFS.

� ACA is defined as any additional cytogenetic abnormality present
in Phþ cells. We were able to demonstrate that cytogenetic
abnormalities within Ph� cells and in patients with CCyR and/
or a MMR are not related to unfavorable outcomes.
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