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Abstract

Background: In Mexico, AML survival is referred in 30%. Our aim was to evaluate results with ADE
protocol as induction treatment in children with non-M3 AML in a public Mexican institution. Me-
thod: We included patients with AML in a single institution between 2005 and 2013. All non-
M3-AML patients received ADE as induction therapy (cytarabine 100 mg/m? in continuous infu-
sion from day 1 to 7, daunorrubicin 30 mg/m? days 1, 3, 5 and etoposide 100 mg/m? over days 1 to
5). Patients received antibiotic prophylaxis and strict scheduled appointments to assure adhe-
rence and prevent avoidable emergencies. Main Results: Eighteen patients were included. Median
age was 106 months. One patient died at diagnosis so 17 were eligible for induction results analy-
sis; eleven needed two cycles and six patients three. Remission rate was 100%. Analyzing non-M3
patients overall survival was 80.2% at 100 months. No fatal complications were observed. Strati-
fying by number of cycles we observe that patients receiving one ADE cycle had a 0% overall sur-
vival at short follow up, with 2 ADE cycles 80% at 100 months and with 3 cycles 100% at 60
months. Conclusion: ADE induction therapy showed improved results in overall survival com-
pared with other standard regimens. Following the protocol we obtained 100% remission. This is
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an important achievement in our population. Our focus must be to ameliorate maintenance final
results. These results should be reproduced in other hospitals in Mexico and other countries.
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1. Introduction

Acute myeloid leukemia (AML) is the second most common form of leukemia in childhood. Pathogenesis is
unknown but frequently AML is associated to Down syndrome and other genetic syndromes. Clinical features
are related to intra- and extra-medullary infiltration degree. Main symptoms are fever, bleeding and fatigue.
Outcome in pediatric acute myeloid leukemia (AML) has significantly improved over the past decade with re-
mission induction and overall survival rates approaching 90% and 65%, respectively [1]. In the United States
during the 1990s, these trials focused on intensively-timed DCTER (dexamethasone, cytarabine, thioguanine,
etoposide, and daunomycin)-based regimens [2]. Starting in 2003, the trials shifted to ADE (cytarabine, dauno-
mycin, and etoposide)-based regimens. In Mexico, AML survival is referred in 30% [3]. Results of treatment in
children with AML are a challenge. In low income countries toxicity of these regimens is the main cause of
death above all in induction period. In a retrospective study including 284 cases of AML in Mexico between
2006 and 2009 overall survival at 36 months was 30.5% (95% 22.8 - 38.5) [4]. Pediatric oncologists in Mexico
are using ADE as induction therapy with the purpose to be a National Protocol.

2. Objective

The aim of the study was to describe the socio-demographic, clinical characteristics of patients, and investigate
the efficacy and toxicity of ADE induction therapy and evaluate the overall and event free survival in a public
single institution.

3. Method

This retrospective cohort study was conducted with data from the period comprised since January 2005 and
September 2013. The study population was conformed by children and adolescents with newly diagnosed acute
myeloid leukemia according to the French-American-British classification in the Oncology Department of the
National Institute of Pediatrics (NIP). M3-AML patients (promyelocytic leukemia) were excluded considering
they receive a different treatment strategy. Only patients who had not undergone on a previous treatment and
who had a morphological, immunological and cytogenetic diagnosis of AML were included. Exclusion criteria
included Down syndrome, immunodeficiency disorders, or a history of serious infections including chronic he-
patitis and aspergillus. Patients were seen weekly during the first two months of treatment and monthly thereaf-
ter and received prophylactic antibiotics.

All non M3-AML patients received ADE as induction therapy (cytarabine 100 mg/m? in continuous infusion
from day 1 to 7, daunorrubicin 30 mg/m? days 1, 3, 5 and etoposide 100 mg/m? over days 1 to 5) following the
Medical Research Council (MRC) protocol. Patients who needed a third induction cycle received cytarabine 100
mg/m? in continuous infusion from day 1 to 5 and mitoxantrone 10 mg/m? days 1, 2 and 3. Obtaining remission
patients were considered to received maintenance with average of four cycles of chemotherapy. All chemothe-
rapy drugs were given by social security. M3-AML patients were excluded.

The AML patients in our cohort also received central nervous system preventive therapy including intrathecal
therapy in cases with a primary CNS infiltration or hyperleukocytosis. Hematopoietic progenitor stem cell
transplantation was indicated in these high-risk patients after remission.

The management of neutropenic febrile events was designed around the patient’s clinical history and the re-
sults of physical examinations, blood cultures, urinalysis and cultures, chest radiographs, blood cultures and
baseline chemistry profiles. All these interventions are standard. Patients received cefepime and amikacin at
standard doses as a first line intervention against neutropenic febrile events (NFE). If the fever persisted for
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more than 72 hours or the hemodynamic status of the patient worsened, a different antibiotic regimen with me-
ropenem or vancomycin, and possibly an antifungal therapy was considered. VVancomycin was used as a front
line antibiotic when the patient presented with hypotension, catheter infection or showed a positive culture.

Patients were included consecutively.

The scientific review board and ethics committee of the NIP reviewed and approved the study protocol. In-
formed consent forms were signed by patients’ parents or guardians.

We described socio-demographic and clinical characteristics, including remission rate and toxicity. We filled
out data on collection instrument and registry information in clinical charts.

The main variables were children with clinical characteristics including leukemia features, remission rate,
number of induction cycles needed for remission, number and severity of febrile neutropenia events, risk group,
relapse and overall survival.

Diagnosis was established in accordance to the French-American-British classification. Immunophenotype
and cytogenetic characterization was done as routine.

4. Results

Data was collected from eighteen patients with AML.

4.1. Clinical Characteristics

Median age was 106 months (16 - 210). Eleven were female. Patients were product of the first pregnancy in 5
cases (27.8%), second in 6 (33.3%), third in 3 (16.7%) and fourth in 4 (22.2%). Fourteen patients (77.7%) were
born with normal weight and 3 (16.6%) over 3.5 Kg. No patient had a genetic syndrome.

Symptoms evolution varied from 1 to 90 days (1 - 90, SD 29.4). 8 (44.4%) had fever, 7 (38.9%) bleeding, 9
(50%) extramedulary infiltration. Complete blood count showed hemoglobin under 6 gr/dl in 3 (16.6%) patients,
between 6 and 10 gr/dl in 7 patients (38.8%) and over 8 in 8 (44.4%). Only two patients started with hyperleu-
kocytosis. One patient had less than 10,000 platelets, 3 between 10,000 and 20,000, 5 between 20,000 and
50,000, 1 between 50,000 and 150,000 and 8 over 150,000. Eight (44.4%) had hepatomegaly and 4 (22.2%)
splenomegaly.

According to the French-American-British classification, 2 (11.1%) were MO, 4 (22.2%) M2, 6 (33.3%) M4,
2 (11.1%) M5, 4 (22.2%) M7. Two patients had inv16, three t (8; 21) and one 11g23. 50% had extramedullary
infiltration at diagnosis (Table 1).

4.2. Induction Response

One patient died at diagnosis so seventeen qualify for induction results analysis; eleven needed two cycles and
six patients three. Remission rate was 100%.

4.3. Survival Analysis

One died of intracranial hemorrhage at diagnosis and was excluded from the analysis. Two died during treat-
ment (one of septic shock and one pulmonary hemorrhage). Four patients had bone marrow relapse and were
rescued with hematopoietic progenitor stem cell transplantation. Analyzing non-M3 patients overall survival
was 80.2% at 100 months. Follow up was 110 months (Figure 1). Considering the morphological type we ob-
serve that M2, M4 and M5 AML had the best survival. MO had 50% and M7 AML had 33.3%.

Stratifying by number of cycles we observe that patients receiving one ADE cycle had a 0% overall survival
at short follow up, with 2 ADE cycles 80% at 100 months and with 3 cycles 100% at 60 months (Figure 2).

4.4. Analysis of NFE Characteristics in Terms of the Sequence of Presentation

We recorded each clinical event in sequential order and analyzed these occurrences in terms of the time of pres-
entation, the anatomic infectious focus, the infectious agent and the need for intensive care unit (ICU) support.
We grouped these events and analyzed them separately. We considered separately the NFE events occurring
during induction in order to stablish safety of ADE protocol.

We analyzed 17 patients that received at least one induction cycle. One patient had no NFE, 5 had one, 3 two,
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Table 1. Patients features.

Gender LMA . Relapse Death
Age type Cytogenetic ADE Relapse o TCPH Status S
1 Female M7 2 v Bone N DWD
40 marrow
Male
2 190 M4 2 N Y AWD
3 Male M4 3 N Y AWD
50
4 Female M5 2 N Y AWD
152
Male
5 196 M5 2 N N AWD
Female . Extra
6 113 M2 £(8; 2) 3 Y i Y AWD
7 Feg;a'e M7 1 N N DWD ICH
8 '\{';"36 M7 2 N N DWD  Septic shock
Male Extra
9 67 MO 2 Y medular N DWD Lunghemorrage
Male
10 510 MO 2 N N AWD
11 '\’g"?'e M2 €(8: 2) 2 N N AWD
12 Female M4 3 N S| AWD
165
13 Feg‘la'e M4 inv 16 3 N N AWD
14 Female M2 11923 3 N S| AWD
104
15 Female M4 inv 16 2 Y Bone N AWD
84 marrow
16 Female M2 1(8; 2) 2 N N AWD
171
17 Feg‘la'e M7 2 N N AWD
18 FeTg'e M4 3 N N AWD

DWD: death with disease; AWD: alive without disease; ICH: intracranial hemorrhage.
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Figure 1. Overall survival in children with high risk non M3 acute myeloid
leukemia. Instituto Nacional de Pediatria-México 2005-2013.
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Figure 2. Overall survival stratified by number of ADE induction cycles.
Instituto Nacional de Pediatria 2005-2013.

1 three, 4 four, 1 five, 1 seven and 1 nine. From these patients, 6 had one ICU hospitalization, two 2 and 4 one.
During induction 10 NFE were registered. The most common anatomic infectious foci was gastrointestinal tract,
followed by mucosa, catheter and lung.

Patients had between one and nine infectious events. None had fatal events during de induction treatment. For
6 of first NFEs recorded, we identified 3 cases of pseudomonas aeruginosa, 1 staphilococcus warneri and 1
nolstaniai pibetti.

5. Discussion

There are at least three protocols for the treatment of childhood AML that have shown a continuous improve-
ment, overall outcome with acceptable toxicity from various groups (MRC, BFM and NOPHQ) with complete
remission rate of 92%, 82% and 83% respectively and overall 5-year survival of 60% [4] [5]. In developing
countries like México, mortality associated with toxicity limits their use and results are poor [6] [7]. In a single
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institution experience considering all infectious aspects, we could obtain similar results in the induction period
even if the follow up is not that successful we have better outcomes. These failures in maintenance can be partly
explained by the difficulty to make minimal residual disease. We observe that patients with 2 or more ADE in-
duction cycles improve their prognosis what probably reduces cases with leukemic activity that only would be
detected molecularly. The dilemma is that morphological remission in our patients must be considered with cau-
tion and perhaps we must establish a minimum of two cycles while we have the resource for minimal residual
disease, even though in this type of leukemia does not appear to be as useful than in acute lymphoblastic leuke-
mia [8] [9].

The cause of death due to hemorrhage and bone marrow relapse were the most common findings as described
in the literature.

In our milieu, we have non-biological factors that influence outcome like abandonment, low adherence to
protocols, distance home-hospital, economic deficiencies etc. that were not evaluated [7].

6. Conclusion

As an oncology department, we have a selection bias with almost half of patients with extramedullary infiltra-
tion. However, ADE induction therapy showed improved results in overall survival compared with other stan-
dard regimens. This regimen must be analyzed in other developing countries’ institutions. Cancer mortality de-
cline is a reality and must be our national goal [10].
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