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A B S T R A C T

Introduction: Acute myeloid leukemia is a challenging disease, due to a poor prognosis in

developing countries. Herein, we aim to describe the clinical characteristics and outcomes

after chemotherapy and transplantation.

Methods: A retrospective analytic observational study was performed with patients under

18 years of age with newly diagnosed acute myeloid leukemia treated at a referral center in

Colombia. Two groups were compared: induction therapy (IT) and induction therapy plus

consolidation (IT + C). The survival analysis was performed using the Kaplan−Meier

method.

Results: We analyzed 34 patients diagnosed with acute myeloid leukemia; 20 received

hematopoietic stem cell transplantation. Most were French-American-British (FAB) classifi-

cation types M1, M5 and M0. The transplantation was haploidentical in 65%, conditioning

was myeloablative in 67% and graft-versus-host disease prophylaxis was performed with

post-transplant cyclophosphamide in 70%. Overall, the 5-year survival was 52% and the

overall 5-year survival in the transplanted group was 80%. There were 16 deaths; in the IT

group, n = 12, and in the IT + C group, n = 4. In the former, the main cause of death was sep-

tic shock and in the latter, it was relapse.
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Conclusion: Transplantation is a safe option. Receiving treatment and supportive measures

in hematopoietic stem cell transplantation units is necessary to avoid infections, especially

during induction cycles.

� 2023 Associação Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by

Elsevier España, S.L.U. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Acute myeloid leukemia (AML) represents a heterogeneous

group of clonal diseases in the hematopoietic tissue. Each

subtype has different cytogenetic, molecular genetic features

and antigenic expressions related to clinical manifestations,

therapies and prognosis.1 AML is classified according to the

French-American-British classification (FAB)2 and the 2016

revisedWorld Health Organization (WHO) criteria.3

The incidence of childhood AML is 5 to 7 cases/million,

corresponding to 15 to 25% of all childhood acute leukemias.4

Latin America has an estimated incidence and mortality rates

of 4.3 and 1.2 cases per 100,000 people, respectively.5 In

Colombia, AML represents 5 to 6% of all childhood cancers;5.

Reports from southwestern Colombia show that the 3-year

survival is above 33%.6

In recent times, overall survival (OS) rates greater than 70%

after 5 years have been reported in high-income countries7; in

low- and middle-income countries, the 4-year survival is

reported in 47%.8 The best therapeutic results are achieved

through improved diagnostic techniques, treament-moni-

tored minimal residual disease (MRD) follow-up, intensifica-

tion of the treatment, hematopoietic transplantation, better

supportive care, rescue therapies and targeted nutritional

interventions.7,9,10

The treatment of AML in pediatrics is performed with

intense chemotherapy regimens based on anthracycline and

cytarabine during induction, followed by consolidation thera-

pies, as well as allogeneic hematopoietic stem cell transplan-

tation (HSCT).4 When HSCT is performed, preparative or

conditioning regimens include combinations with Fludara-

bine in most cases11,12; the addition of 4 Gy total body irradia-

tion (TBI) showed a low non-relapse mortality rate, compared

to those who received the conventional myeloablative condi-

tioning regimen, in both adults and children.13 Related to

donor type, unrelated umbilical cord blood and haploidentical

transplantation are equally effective options for patients

without human leukocyte antigen (HLA)-matched donors.14

The aim of this study was to characterize the pediatric

population diagnosed with AML at a high complexity center

in an upper-middle-income country15 to determine the pri-

mary clinical outcomes associated with treatment.

Materials andmethods

This protocol was approved by the institutional ethics com-

mittee (#1502), as per the principles established in the Council

for International Organizations of Medical Sciences (CIOMS)

guidelines and the Declaration of Helsinki.

We performed an analytical, observational, retrospec-

tive cohort study. Data were collected from the medical

records of patients diagnosed with AML under 18 years of

age treated at Fundaci�on Valle del Lili (FVL) Teaching Hos-

pital, a high-complexity referral center for HSCT and

hematologic neoplasms management for the Colombian

southwest.

All patients under 18 years of age who received a de novo

diagnosis of AML between January 2011 and December 2020,

seen at FVL, were included. Exclusion criteria included diag-

noses of promyelocytic leukemia, leukemia associated with

Down’s syndrome, juvenile myelomonocytic leukemia, mye-

lodysplastic syndrome, leukemia as a second neoplasm and

patients with previous extra-institutional diagnosis andman-

agement.

Definitions

The AML treatment initially depends on the patient’s risk

classification. It consists of the induction stage using the

"7 + 3" protocol, or 7 days of treatment with cytarabine (cyto-

sine inhibitory analog) co-administered with 3 days of treat-

ment with an anthracycline agent, followed by consolidation

therapy, with chemotherapy or allogeneic HSCT. The latter

contemplated high-risk AML patients in their first complete

remission, with MRD more significant than 0.1%, at the end of

the first or second induction cycles.4

For donor selection, the matched sibling donor was the pri-

mary option. If not available, the best related haploidentical

donor (Haplo) was selected according to the following: the

absence of recipient HLA antibodies against donor antigens,

male sex, younger age, matched cytomegalovirus (CMV)

serostatus, matched ABO group and, for female donors, the

lowest number of prior pregnancies.16 A matched unrelated

donor registry search was not readily available.

The conditioning regimen was defined according to the

donor type and classified as myeloablative and non-myeloa-

blative.17 We use Fludarabine-based conditioning

regimens.11,12 Patients with MRD < 0.1% received a condition-

ing regimen with Busulfan + Fludarabine + low dose total

body irradiation (400 cGy)13,18 Those with MRD > 0.1%

received cytoreductive treatment combined with reduced-

intensity conditioning and HSCT.19,20 The graft vs. host dis-

ease (GvHD) prophylaxis was assigned according to the donor

type; in the case of haploidentical donors, PTCy and, in some

cases, anti-thymocyte globulin (ATG) was used11,21;- In identi-

cal donors, it was based on the calcineurin inhibitor and

methotrexate (MTX).22 All patients received antibiotic, antivi-

ral and antifungal prophylaxis.

The nutritional status, based on the World Health Organi-

zation (WHO) parameters of 2006/2007, was also assessed.

The classification was made by z scores, considering sex, age,
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weight and height; the weight/age was used for children

under five and the BMI/age, for children aged five and over.

Patients were classified as underweight or non-underweight,

based on a Z score < -2 or ≥ -2, respectively.23

The overall survival was defined as the time from diagno-

sis to death from any cause, or the last recorded follow-up.

The event-free survival was defined as the period from diag-

nosis to relapse or death. The post-transplant cause of death

was taken as any cause of death cause following

transplantation.24

Statistical analysis

A descriptive analysis was performed for all variables. Cate-

gorical variables were summarized as proportions and quan-

titative variables were expressed as medians, with their

interquartile ranges (IQRs). Patients were classified into two

groups, based on whether or not they received consolidation

therapy, the IT group being those without consolidation ther-

apy and the IT + C group, those with consolidation therapy.

An additional analysis according to the year of diagnosis was

considered in two periods: 2011 to 2016 and 2017 to 2020, to

control for demographic characteristics related to the consoli-

dation therapy used. Comparisons between groups of interest

were made with the chi-square test for categorical variables

and the Mann-Whitney U test for quantitative variables,

according to the distribution of the variable evaluated by the

Shapiro−Wilk test. A subgroup analysis of interest was per-

formed in transplant recipients (pre-transplant MRD < 0.1

and ≥ 0.1). The survival calculation was performed by the

Kaplan−Meier method and the two groups were compared

according to the time frames previously stated. The compari-

son of the groups, according to the defined exposures, was

performed with the log-rank test. For survival analysis,

patients were right-censored at the time of death or the last

follow-up before December 31, 2021. Clinical endpoints of the

OS were recorded at 5 years from the AML diagnosis, and the

OS and event-free survival (EFS) were recorded for transplant

patients at 5 years from the HSCT. The Cox regression was

used to identify the risk factors, considering the time to death

before consolidation therapy. The variables analyzed were:

the central nervous system compromise, initial leukocytes,

FAB classification, Z score and antimicrobial prophylaxis,

before or during the induction chemotherapy.

Results

Overall group

Between 2011 and 2020, there were 34 patients with de novo

AML. The median age at the start of chemotherapy was

7.7 years (IQR 1.6 - 13). Males comprised 56%. Nine percent

(n = 3) of patients were underweight. At diagnosis, 8.8% (n = 3)

had central nervous system (CNS) compromise and 47%

(n = 16) had initial leukocytes > 50,000. The most frequent

FAB classifications in the group were M1 (26%), M5 (21%) and

M0 (18%), the latter present only in the IT + C group. The kar-

yotype information was found in 74% (n = 25) of the sample;

12% (n = 4) had abnormalities. Molecular tests were performed

in 68% (n = 23), of whom 13% (n = 3) had abnormalities, and

the FISH test was performed in 12% (n = 4), finding anomalies

in 25% (n = 1). Sixty-five percent (n = 22) received consolida-

tion therapy, 59% (20) with HSCT, and 6% (2) with chemother-

apy. At the end of cycle 1, 58% (n = 18) had CR, increasing to

87.3% (n = 28) at the end of cycle 2. Patients with MRD < 1% in

cycle 1 were 28% (n = 9) and, at the end of cycle 2, 53% (n = 17).

Of the 34 patients, seventy-six percent (n = 26) presented

infectious complications during cycles one or two of induc-

tion chemotherapy; there were 50 infectious events. Of these,

31 (62%) were caused by gram-negative bacteria, 6 (12%) by

gram-positive bacteria, 7 (14%) by fungi, 5 (10%) by viruses

and 1 (2%) by a parasite. (Figure 1). Forty-four percent (n = 15)

required total parenteral nutrition due to gastrointestinal

dysfunction related to mucositis or acute GvHD. Seventy-six

percent (n = 26) required admission to the Pediatric Intensive

Care Unit (PICU). There were 16 deaths (47%); 71% (n = 12) of

the deaths happened during the first and second induction

cycles with chemotherapy; the causes of death were septic

shock (n = 7), multiorgan failure (n = 4) and fungal infection

(n = 1) and 29% (n = 4) died during consolidation with HSCT.

Table 1 shows the differences between patients who did not

receive consolidation therapy and those who did.

Transplanted group

A total of 20 patients received transplants, 10 (50%) had a pre-

HSCT MRD < 0.1% and 10 (50%) had an MRD ≥ 0.1%. Thirty-

five percent (n = 7) of transplant recipients received two cycles

of chemotherapy, 45% (n = 9) received three cycles and 20%

(n = 4) received four cycles. Sixty-five percent (n = 13) had hap-

loidentical transplantation, and 35% were identical. The cell

source was bone marrow in 55% (n = 11) and peripheral blood

in 45% (n = 9). Conditioning was myeloablative in 70% (n = 14)

of the cases and nonmyeloablative in 30% (n = 6). Sixty per-

cent (n = 12) received total body irradiation (TBI). Twenty per-

cent (n = 4) received anti-thymocyte globulin (ATG). The

GvHD prophylaxis was based on PTCy-based prophylaxis in

70% (n = 14) and cyclosporine-based prophylaxis in the

remaining 30% (n = 6). There were four post-transplant

Figure 1 – Infectious events according to focus, following

cycle one and cycle two of induction chemotherapy. GI: Gas-

trointestinal, URT: Upper Respiratory Tract, UTI: Urinary

Tract Infection.
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deaths, of which one was due to relapse; three were trans-

plant-related, one of which was due to septic shock, one was

related to GvHD and one was related to multiorgan failure.

In this study, only the first transplant was considered.

However, one death occurred after the second transplant.

Risk factors for death before consolidation therapy

Risk factors for pre-consolidation therapy death were evalu-

ated, however, no parameter was statistically significant.

Patients with FAB M0 did not die, nor did those who received

more than two cycles during the chemotherapy period.

Survival

The overall 5-year survival for the entire group was 52%

(Figure 2A). From 2011 to 2017, the overall 5-year survival was

40% and, between 2017 and 2020, it was 67%, which was not

statistically significant (Figure 2B). The median follow-up for

the total group was 10 months, ICR 1.5 - 40 (min. 0.3 − max.

72.6). In the group of patients who survived (n = 18) the

median follow-up was 37.9 months, ICR 13 - 43 (min. 4 − max.

73). The overall 5-year survival in the transplanted group was

80% (Figure 3A), and the event-free survival in transplant

recipients was 75% at one year and 67.5% at five years

(Figure 3B).

Discussion

In this study of 34 patients with AML in Colombia, we

described the characteristics and outcomes of children who

received treatment at a referral center. The overall 5-year sur-

vival in the present study was 49%, similar to another local

study, with 53.5%, in patients receiving only chemotherapy.25

Most of our deaths (70.6%) occurred before or during induc-

tion, similar to the study by Ghafoor et al. 7.

Although high-income countries have shown improve-

ment in treatment-related mortality over the last few years,

this is not the case in upper-middle- or low-income countries.

Despite the use of antimicrobials, approximately 45% of treat-

ment-related mortality was due to an infection, compared to

high-income countries, where it was between 5% and 11%.26

As infectious events remain high, strict measures of biosecur-

ity and support are necessary to reduce mortality.27

In the present study, 72% of patients had an MRD ≥ 1%

after the first induction, which induces a high chance of

relapse and death27; therefore, our population has a high

Table 1 – Sociodemographic and clinical characteristics.

Total n = 34 Induction therapy (n = 12) Induction therapy plus consolidation (n = 22) P-value

Age, years 0.7869

Median (IQR) 7.7 (1.6 -13) 9.3 (1 - 13) 6.7 (2 - 12)

Range min. −max. 0,1-16 0.3 - 16 0.1 - 16.3

Male, n (%) 19 (56) 6 (50) 13 (59) 0.610

Anthropometric indices 0.234

Underweight 3 (9) 2 (17) 1 (4.5)

Non-underweight 31 (91) 10 (83) 21 (95.5)

FAB classification 0.355

M0 6 (18) 0 (0) 6 (27)

M1 9 (26) 3 (25) 6 (27)

M2 5 (15) 3 (25) 2 (9)

M5 7 (21) 4 (33) 3 (14)

M6 3 (9) 1 (8) 2 (9)

M7 3 (9) 1 (8) 2 (9)

NOS-Not specified 1 (3) 0 (0) 1 (5)

Karyotype, n (%) 25 (74) 7 (58) 18 (82) 0.138

Normal, n 17 (50) 5 (42) 12 (55)

Inconclusive, n 4 (12) 2 (17) 2 (9)

Abnormal, n 4 (12) 0 (0) 4 (18)

46XY+8 Trisomy 8 1 (25) 0 (0) 1 (5.5)

Del (12) (p11p13) 1 (25) 0 (0) 1 (5.5)

Inv (16) (p13q22) 1 (25) 0 (0) 1 (5.5)

t(6;9) (p23;q34.1) 1 (25) 0 (0) 1 (5.5)

Molecular test, n (%) 23 (68) 7 (58) 16 (73) 0.391

FTL3-idt y NPM1, n 1 0 1

FTL3-tkd-835, n 1 0 1

NPM1, n 1 1 0

FISH, n (%) 4 (12) 1 (8) 3 (14) 0.646

Translocation BCR-ABL t(9;22) 1 0 1

CNS compromise, n (%) 3 (8.8) 1 (8.3) 2 (9) 0.941

Initial leukocytes > 50,000 16 (47) 5 (42) 11 (50) 0.642

**CR after cycle 1 18 (58) 5 (56) 13 (59) 0.856

MRD < 1% after cycle 1 8 (26) 3/9 (33) 5/22 (23)

Deaths, n (%) 16 (47) 12 (100) 4 (18.2) 0.000

** CR as < 5% blasts. The result was over 31 patients because three died without HSCT.
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possibility of poor response to treatment, compared to other

studies.9

In transplanted patients, there was no difference in having

positive or negative MRD; this is quite different from what

has been reported in the literature, where children with pre-

transplant MRD-negative status have a better post-transplant

prognosis than those with residual MRD (4). This may be asso-

ciated with the chimerism-based donor lymphocyte infusion

(DLI) strategy.

In our study, 14% died in the first six weeks, which is

higher than that in high-income countries,27 but similar to

that in upper-middle-income countries.28

In this study, transplanted and non-transplanted patients

were comparable at diagnosis and we found a proportion of

patients with white blood cell counts > 50,000, similar to

those in reports in other developing countries.29 Therefore,

we considered that survival was probably unrelated to the

characteristics at diagnosis, but could be increased by

Figure 2 –A. Overall 5-year survival of the 34 patients with AML. B. Overall 5-year survival in 34 patients with AML according to

periods.

Figure 3 –A. Overall 5-year survival in 20 patients with AML and transplantation. B. Event-free survival in 20 transplanted

patients.
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improving supportive care during induction chemotherapy,

as documented in the literature.27

The 18-month survival in the group without HSCT was

64%, similar to the 60% at 2 years in Suarez-Mattos et al. The

overall 5-year survival in our study was 49%, similar to those

in developing countries.25 The overall 5-year survival in the

transplanted group was 74%, higher than the 47% between

2008 and 2012 in Rodrigues et a al.8 Upper-middle- and low-

income countries still have economic and sociocultural

limitations,2,8 affecting patient access to diagnosis and treat-

ment, such as molecular/cytogenetic evaluation and stan-

dardized protocols.8 Nonetheless, our survival rate is still

lower than those in high-income countries, which have been

reported at approximately 70 to 75%.10 These countries are

using personalized medicine and genomic characterization of

relapsed disease,30 molecularly targeted therapy and immu-

notherapy, or are developing risk algorithms to recommend

HSCT in the first complete response.31,32 There seems to be an

improvement in survival in recent years (2017 - 2020), proba-

bly related to better supportive care, such as increased sur-

veillance and infection control through intensified azole

antifungal prophylaxis, early dental treatment, surveillance

for colonization by multidrug-resistant microorganisms and

access to the PICU, as reported.2,8,25

For upper-middle-income countries, chemotherapy for

AML based on nutritional status at diagnosis could be a factor

that contributes to the impact on survival.7 Although our

study showed that the majority of patients were at an ade-

quate weight for age at the beginning of treatment, we con-

sider that in addition to supportive measures, stratification

with nutritional status should be evaluated for the use of

effective chemotherapies at lower doses and with lower

toxicities.33

In our study, 60% of the patients received transplantation

because most of them were classified as high risk, similar to

those in Lee et al.,34 who performed transplantation in 51% of

the cases. The indications for transplantation are not uni-

form, varying over time and according to the protocols pro-

posed by different groups. However, there is a consensus

regarding performing an HSCT with the most appropriate and

available donor in patients during the first remission for high-

risk or low-risk groups after relapse.35

Considering the context of these patients, improving the

outcomes requires more resources and installed capacity of

the HSCT units8 to centralize management and provide inte-

grated treatment with supportive care from admission, avoid-

ing in-hospital bed transfers and the risk of nosocomial

infection and death. In lower-middle income countries, suc-

cessful supportive care should consider nutrition, catheter

care, mucositis care, pain management, hydration, early pro-

phylaxis, timely treatment of infectious diseases, early access

to a PICU, management of febrile neutropenia and isolation.10

This study has some limitations, such as its retrospective

design and limited data collection in medical history records

and access to complementary studies. The sample size was

small, which limits multivariate analysis. However, our study

shows improvement in terms of increased survival over the

period studied and the need to implement patient supportive

measures under the intensity of treatment, which can be

studied in future research.

Conclusion

This study shows that transplantation is a safe option for

high-risk patients. More efforts should be made to reduce

infectious complications and improve stratification studies to

classify patients appropriately based on the low-dose chemo-

therapy regimen that could be effective, especially for mal-

nourished patients, and improve supportive care during the

first two cycles.
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