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Background

Acute lymphoblastic leukemia (ALL) is a malignant clonal bone marrow disorder with a
high mortality rate during the initial therapy. This retrospective study aimed to describe

and analyze the risk factors and causes of induction-related mortality (IRM) in an adoles-
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cent and adult ALL population treated in a low- and middle-income country.

From 2009 to 2016, a total of 167 patients were included, of which 50.9% were male

with a median age of 28 years. B-immunophenotype represented 97.6%, and high-risk
cytogenetics were present in 23.3%. During induction therapy, 91% had at least 1 compli-
cation, most of which were infectious, with an IRM of 12%.

Results

Factors associated with increased mortality rate were central nervous system (CNS) sta-
tus [CNS-3: hazard ratio (HR) 3.029; 95% confidence interval (Cl), 0.79-11.49; P=0.103
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and CNS-2: HR, 9.98; 95% Cl, 2.65-37.65; P=0.001] and dialysis requirement (HR, 9.15;
95% Cl, 2.44-34.34; P=0.001).

Our study confirms that ALL patients treated in resource-constrained settings have high
rates of IRM, mainly attributed to advanced disease and high tumor burden at diagnosis.

Risk factors, Treatment outcome, Chemotherapy induced mortality,
Precursor cell lymphoblastic leukemia-lymphoma, Developing countries

INTRODUCTION

Acute lymphoblastic leukemia (ALL) is characterized by
a malignant transformation and subsequent clonal expansion
of lymphoid progenitors, associated with various genetic and
molecular abnormalities [1]. Diagnostic and therapeutic ad-
vances over the last decades have enabled high-income coun-
tries to achieve first complete remission (CR1) rates of >80%,
improvements in overall survival (OS), and a decreased treat-
ment- and induction-related mortality (IRM) [2]. Conversely,
compared with the <5% IRM reported in these settings,

in low- and middle-income countries (LMICs), such as
Mexico and Brazil, it remains as high as 17% to 26% [3-5].

Differences in clinical outcomes between adult and pedia-
tric populations have been attributed to different first-line
therapeutic regimens and to the favorable disease biology
amongst children [6]. Adolescents and young adults (AYAs)
are a particular subgroup facing important management chal-
lenges due to their transitioning position and increased like-
lihood of presenting with high-risk ALL features. Compared
to that of children, AYAs have a greater incidence of
Philadelphia chromosome positivity (Ph+), Philadelphia-like,
and BCLZ/MYC rearrangements, and decreased frequency
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of hyperdiploidy and ETV6/RUNXI-positivity [7]. Reports
on long-term clinical outcomes have shown a decreased
5-year OS with increased mortality in CR1 for AYAs, mostly
due to severe infectious diseases and IRM [8].

The following are known risk factors for IRM: male sex,
T-cell ALL, high risk ALL, low platelet count and white
blood cell count >100,000 at diagnosis, and patients with
longer travel time to the clinic [9, 10]. However, all this
information comes exclusively from pediatric cohorts. To
address the paucity of literature on AYAs and adults in
LMIGs, this study aimed to determine the cohort rates, causes,
and risk factors of IRM.

MATERIALS AND METHODS

We conducted a retrospective study including consecutive
patients aged =16 years with newly diagnosed ALL at our
institution from January 2009 to September 2016. Patients
with incomplete clinical records, those that received in-
duction therapy prior to referral to our center, and those
lost to follow-up before day 60 after induction were excluded.
The study was approved by our center’s Institutional Review
Board (HEM-3679-21-22-1).

Clinical, laboratory, and outcomes data were collected
from the physical and/or electronic medical records. Patients
were classified as AYAs if their age was <40 years.
Socioeconomic status (SES) was defined according to monthly
household income as follows: low-SES, <180.00 USD; mid-
dle-SES, =180.00 USD; and high-SES, patients with private
health insurance coverage. Performance status (PS) was
stratified according to the Eastern Cooperative Oncology
Group (ECOG) Performance Scale [11], and records were
obtained at the time of ALL diagnosis.

ALL diagnosis was made in accordance with the 2016
WHO Classification of Tumors of Hematopoietic and Lymphoid
Tissues [12]. A high-risk cytogenetic profile was defined
as the presence of the following: translocation t(9,22) (Ph+
positive), mixed-lineage leukemia 1 (A/LLI]) rearrangements,
hypodiploidy, and/or complex karyotypes. Central nervous
system (CNS) status was defined as CNS-1, -2, or -3 according
to the NCCN Guidelines [13]. Based on previously published
protocols, treatment regimens were grouped into Hyper-
VAD [14], our institutional protocol (HOP 0195/0612) [15],
and other regimens.

IRM was defined as death within 60 days after the initiation
of the induction regimen, during post-chemotherapy myelo-
suppression period, and not being associated with disease
refractoriness or progression. Cause of death was defined
as infectious if it was directly associated with septic shock
or other complications related to an infectious disease, hema-
tologic if it was attributed to major hemorrhage or thrombotic
events, or other when it was none of the above. Overall
survival (OS) was defined in days, considering the time from
diagnosis to death or last follow-up.

Complications were reported as infectious, metabolic, or
hematologic. Infectious complications included bloodstream,

urinary tract, and skin and soft tissue infections, as well
as pneumonia, invasive fungal infections, and C. difficile
colitis. Metabolic complications comprised hipertransaminasemia,
renal impairment with or without dialysis requirement, and
tumor lysis syndrome. Major hemorrhagic or thrombotic
events and disseminated intravascular coagulation (DIC)
were considered hematologic complications. All complica-
tions included in the variables were those that developed
between day 1 and 60 of induction treatment.

Statistical analyses

Qualitative data were described in terms of frequencies
and percentages, and quantitative variables were described
in terms of median and range. Mortality curves were con-
structed via the Kaplan-Meier method, and univariate surviv-
al analysis was performed using the log-rank test. Cox re-
gression was performed for multivariable analysis. A P-value
=<0.05 was considered significant for all statistical tests. All
calculations were performed with SPSS version 25 (IBM
Corp, Armonk, NY).

Table 1. Patients baseline characteristics grouped by AYA and
non-AYA.

Characteristics (Ni:/: 2) Tﬁ:’s\;\
Male sex, N (%) 59 (52.7) 26 (47.3)
Age, median (range) 22 (16-39) 51 (40-70)
Socioeconomic status, N (%)

Low-income 111 (99.1) 47 (85.5)

Middle-income 0 (0) 3(5.4)

High-income 1(0.9) 5(9.1)

ECOG <2, N (%) 109 (97.3) 52 (94.5)
Comorbidities, N (%) 45 (40.2) 36 (65.5)

DM 2(1.8) 15 (27.3)

HTN 4 (3.6) 9 (16.4)

Obesity 21 (18.8) 15 (27.3)

ALL phenotype, N (%)

B-cell leukemia 109 (97.3) 54 (98.2)
Pre-B 102 (93.6) 54 (100)
Mature B 6 (5.5) 0 (0)
Pro-B 1(0.9) 0 (0)

T-cell leukemia 3(2.7) 1(1.8)

Cytogenetic abnormalities?, N (%) 28 (25.5) 20 (38.5)

Philadelphia chromosome 17 (15.5) 12 (23.1)

MLL rearrangements 1(0.9) 1(1.9)°

Hypodiploidy 0 (0) 2 (3.9)

Complex karyotype 5 (4.6)b) 1(1.9)

Others 8 (7.3) 5(9.6)

CNS involvement, N (%) 13 (11.6) 6 (10.9)

ICases with available cytogenetics: AYA (N=110) and Non-AYA
(N=52). "Two patients Ph+ and one with MLL rearrangement in
addition to complex karyotype. “Patient Ph+ in addition to AM//
rearrangement.

Abbreviations: ALL, acute lymphoblastic leukemia; AYA, adolescent
and young adult; CNS, central nervous system; DM, diabetes
mellitus; ECOG, Eastern Cooperative Oncology Group; HTN,
hypertension; MLL, mixed-lineage leukemia; Ph+, Philadelphia
positive.
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RESULTS

A total of 167 patients were included in the study. The
median age of the cohort was 28 years (range, 16-70), 50.9%
(N=85) were male, and AYA represented 67.1% (N=112)
of the cases. An ECOG <2 was observed in 96.4% (N=161),
and 48.5% (N=81) of patients had 1 or more additional co-
morbidities at diagnosis; of these 21% (N=17) had diabetes,
16.1% (N=13) had hypertension, and 44.4% (N=36) were
obese. Regarding ALL diagnosis, immunophenotype was
B-cell in 97.6% (N=163) and T-cell in 2.4% (N=4); high-risk
cytogenetics were present in 23.3% (N=39). Additional base-
line characteristics are presented in Table 1.

Induction therapy with Hyper-CVAD was administered
in 65.3% (N=109) of patients, HOP0195/0612 in 28.7%
(N=48), and other regimens in 6% (N=10). Flow cytometry
demonstrated CD20 positivity in 68.9% (N=115) of cases.
A total of 24 patients (20.9%) were receiving rituximab in

Table 2. Induction-related complications.

Complications N=152
Infectious, N (%) 146 (87.4)
Bloodstream infection 5 (30.8)
UTI 3(15.8)
Pneumonia 5(37.7)
Skin and soft tissue 3(22.6)

C. difficile colitis 10 (6.9)

IFI 29 (19.9

)

Metabolic, N (%) 70 (46.1)
Hipertransaminasemia 22 (31.4)
Dialysis requirement 7 (10.0)
TLS 41 (58.6)
Hematologic, N (%) 8 (11.8)
Hemorrhage 5(27.8)
Thrombosis 7 (38.9)
DIC 6 (33.3)

Abbreviations: DIC, disseminated intravascular coagulation; IFI,
invasive fungal infections; TLS, tumor lysis syndrome; UTI, urinary
tract infection.

Table 3. Factors related to a decreased overall survival after induction.

addition to chemotherapy. The median follow-up was 10
months (range, 10-108). All patients underwent complete
remission assessment, and 77.2% (N=129) achieved CRI.
Among CD20-positive patients, 79.2% (N=19) of those re-
ceiving rituximab reached CR1 as compared to 76.9% (N=70)
of those who were not receiving rituximab (P=0.55). There
was no difference in CR1 rates when analyzed by age group
(P=0.71) or cytogenetic risk stratification (P=0.50).

Induction-related complications were reported in 152
(91%) patients. The most common type of complications
were infectious diseases in 87.4% (N=146) of patients, fol-
lowed by metabolic complications in 46.1% (N=70), and
hematologic in 11.1% (N=18). Complication types by sub-
group are further described in Table 2. Regarding infectious
complications, a bacterial isolate was obtained in 69.9%
(N=102) of cases, most of which were gram-negative rods
(N=72) followed by gram-positive cocci (N=20). Invasive fun-
gal infections (IFIs) represented 15 cases of Aspergillus sp.
and 14 of Candida sp. A total of 46 patients developed shock
during the course of induction therapy, and 85.7% (N=39)
was related to sepsis.

IRM in our cohort was 12% (N=20). The cause of death
was an infectious complication in 14 patients (77.8%), a
hemorrhagic complication in 3 patients (16.7%), and 3 pa-
tients (16.7%) had other causes of death. On univariate analy-
sis, the factors related to a decreased OS after induction
included the following: CNS status at diagnosis (£<0.001),
TLS (P=0.005), DIC (P=0.037), shock (P<0.001), blood-
stream infection (P=0.020), requirement of renal replace-
ment therapy (£<0.001), and requirement of assisted in-
vasive mechanical ventilation (£ <0.001). The presence of
comorbidities, including diabetes, hypertension, and obesity,
were not associated with an increased IRM (P=0.49) (Table
3). The IRM of AYAs and older adults was 11.6% vs. 12.7%
(P=0.83), respectively, with no difference in the causes of
death. According to cytogenetics, there were no differences
in mortality between the groups of normal karyotype, Ph+,
complex karyotype, and other abnormalities (11.1% vs. 4.3%
vs. 16.7% vs. 6.7%, respectively; P=0.68). Leukocytosis, con-
sidering cutoff values according to leukemia phenotype, did
not affect IRM (15.8% vs. 11.0%; P=0.43).

The multivariate analysis factors that remained significant

Univariate analysis

Multivariate analysis

05 day+60 (%) P HR (95% CI) F
Central nervous system involvement CNS-3: 3.078 (0.81-11.67) 0.09
CNS-3 vs. CNS-2 vs. CNS-1 73.7%vs. 37.5% vs. 92.7% <0.001 CNS-2:10.10 (2.67-38.18) 0.001
TLS 75.3% vs. 85.12% 0.005 - -
DIC 66.7% vs. 89.4% 0.037 -
Shock 63.2% vs. 93.8% <0.001 -
Bloodstream infection 83.1% vs. 95.3% 0.020 -
Dialysis requirement 28.6% vs. 91.0% <0.001 9.224 (2.45P33.72) 0.001

Abbreviations: CNS, central nervous system; DIC, disseminated intravascular coagulation; OS, overall survival; TLS, tumor lysis syndrome.
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Fig. 1. Cumulative mortality risk related to (A) central nervous system status and (B) dialysis requirement.

for an increased IRM were CNS status (CNS-3: HR, 3.029;
95%CI, 0.79-11.49; P=0.103 and CNS-2: HR, 9.98; 95%CI,
2.65-37.65; P=0.001) and dialysis requirement (HR, 9.15;
95% CI, 2.44-34.34; P=0.001) (Fig. 1, Table 3).

DISCUSSION

Current reports on survival outcomes for ALL have partic-
ularly focused on long-term mortality of patients from devel-
oped nations and pediatric cohorts; thus, information on
IRM and its risk factors is scarce. In this setting, adults
in LMICs are particularly faced with challenges associated
with limitations in infrastructure and resources that hinder
accessibility to molecular diagnosis, pediatric-inspired regi-
mens, and supportive measures required for appropriate pa-
tient management during the post-induction period. To the
best of our knowledge, this is the first report evaluating
mortality and risk factors for IRM in an adult population
living in a LMIC.

Our cohort’s baseline demographics closely resemble those
of other Latin American countries in terms of age dis-
tribution, CNS status, and PS, where a young median age
and a high PS at diagnosis are expected. Patients in the
AYA group, which in this study comprised more than 50%,
have been related with a worse prognosis. This is mainly
attributed to the biology of disease, when compared with
other age groups. Particularly in our group, where the preva-
lence of comorbidities was high, we had a low SES, and
25% of high risk cytogenetics showed no impact on IRM
rates [16].

In this cohort, we report an IRM of 12% and a CRI1
of 77.2%, which are within the reported rates from other
ALL groups [14]. No significant difference for IRM or CR1
was observed when comparing the different induction regi-
mens used, including those in which rituximab was added
because of CD20 positivity. These findings are consistent
with those of published reports, which shows improved dis-

ease-free survival and CR1 duration with rituximab use, but
no direct impact on short-term outcomes such as those eval-
uated in the present study [17].

As expected for an LMIC, we report a high rate of complica-
tions during the induction therapy, where infection is the
most common. Infections with proven bacterial foci and
neutropenic fever were similar to those reported in pediatric
and adult cohorts with the use of intensive regimens [5,
18]. Remarkably, the prevalence of IFI in our cohort was
significantly higher than expected, closely resembling IFI
trends observed in patients with myeloid malignancies
[19-21]. The explanation to this was most likely multifactorial
and associated with the living situation of patients, limited
spectrum of prophylactic antifungals, and renovations on
hospital grounds. Cognizance is raised to the fact that IFIs
did not significantly increase IRM, yet the long-term impact
on clinical outcomes was not evaluated.

The 2 factors associated with an increased IRM on multi-
variate analysis were dialysis requirements and CNS status.
With end-organ failure, dialysis requirement serves as a
proxy to multiple systemic processes including, but not lim-
ited to TLS, tumor burden, and drug toxicity. Similar to
the results observed in acute kidney injury during acute
myeloid leukemia induction therapy [22], the survival of
patients requiring hemodialysis in our cohort was favorable
only for those achieving CR1, contrary to the 5 patients
not achieving this response and who died prior to day +60.
The influence of CNS status on long-term outcomes and
mortality in ALL has been well described in the literature
[23, 24]. The role of this factor and its relationship with
IRM has been far less studied, but possible explanations
include greater leukemic burden and the proliferation of
far more aggressive leukemic phenotypes.

We acknowledge that the retrospective nature, sample
size, and lack of molecular profile assessment in our study
are important limitations; nevertheless, the particularities
of ALL in Latin America urges the need to analyze set-
ting-specific data to promote the adaptation of evi-
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dence-based medicine in the current clinical practice and
resources of hematologists. This and other real-world studies
set the base for further research in the field of adult ALL
in LMICs.

In conclusion, this study supports previous data showing
that in Latin America, adult ALL patients treated with in-
tensive induction regimens have higher IRM and complica-
tion rates than those in high-income countries. A higher
mortality rate in our population was mainly related to pa-
tients presenting with end-stage organ disease and higher
tumor burden at diagnosis. In the future, prospective studies
that include pediatric-appropriate regimens and molecular
diagnoses are warranted to further analyze possible factors
that can predict IRM in this particular group of patients.
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