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ABSTRACT

Objective: To analyse the distribution of malnutrition in paediatric acute myeloid leukaemia (AML) and its effect on treatment
outcome and survival in Pakistani children.

Study Design: Descriptive, analytical study.

Place and Duration of Study: Department of Paediatric Oncology, Combined Military Hospital (CMH), Rawalpindi, Pakistan
from January 2012 to January 2019.

Methodology: Data of all newly registered cases of paediatric AML was analysed to see the association of nutritional status
according to Z-score classification and treatment outcome. The outcome was divided into disease-free and overall survival.

Results: A total of 206 cases, including 130 (63.1%) boys and 76 (36.9%) girls were evaluated. The mean age at diagnosis was
5.96 £ 3.58 years. Pallor was the most common clinical feature in 172 (83.5%) followed by fever in 158 (76.7%) cases. AML M-2
was the most frequent French-American-British (FAB) subtype in 94 (45.6%) cases. Majority of the patients (n = 128, 62.1%)
were well nourished; and 46 (22.3%) and 32 (15.5%) were moderately and severely malnourished, respectively. Disease-free
survival (DFS) was 43.0%, 32.6% and 21.9% in well nourished, moderately malnourished and severely malnourished patients,
respectively (p=0.022). Overall survival (OS) was 43.8%, 39.1% and 21.9% in well nourished, moderately malnourished and
severely malnourished patients, respectively (p=0.012).

Conclusion: Malnutrition adversely affects the treatment outcome in paediatric AML. It is significantly associated with

increased treatment-related mortality, mainly due to infection and decreased disease-free and overall survival.
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INTRODUCTION

Paediatric acute myeloid leukaemia (AML) accounts for
15-25% of childhood leukaemia. The five years survival
rates of paediatric AML have improved to 70%. in high-in-
come countries (HICs). This is attributed to recent advances
in chemotherapy, risk-based intensive treatment and better
supportive and intensive care."> However, the majority of the
patients live in low-and-middle-income countries (LMICs),
where access to treatment is restricted. As compared to 80%
survival in HICs, survival in LMICs is only 25%." This poor survi-
val rate is because of various factors, like diagnosis delay,
treatment abandonment, malnutrition, inadequate supportive
care and higher treatment-related mortality (TRM).>’
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Malnutrition is often associated with increased morbidity and /
or mortality in childhood cancer patients.®*Growth of a child is
aninternationally recognised parameter used as anindicator of
nutritional status.'’ Weight-for-age is widely used to define the
growth of children and WHO recommends using Z-score to
describe weight-for-age." This study was conducted to deter-
mine the frequency of malnutrition among paediatric AML
patients and the association of malnutrition with treatment-re-
lated complicationsandthefinaloutcome.

METHODOLOGY

Thisdescriptive, analytical study was carried outat Department
of Paediatric Oncology, Combined Military Hospital (CMH),
Rawalpindi, Pakistan from January 2012, to January 2019. The
study included all newly diagnosed cases of AML younger than
18years, registeredsincejanuary 2012, whofinishedtheirtreat-
menttill 31* January 2019. Patients having acute promyelocytic
leukaemia (APL), prior chemotherapy or leaving during treat-
ment were excluded. Study data included: age, gender, blood
counts at presentation, weight-for-age, FAB classification,
genetic abnormalities, chemotherapy protocol, treatment
outcome, last follow-up, and cause of mortality. Detailed
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medical history and clinical examinations were performed at
the first admission. Diagnosis of AML was made on the basis of
blastmorphologyinbonemarrowaspirationandimmunopheno-
typing by flow cytometry. The diagnostic workup incorporated
complete blood picture with differential blood cell counts,
hepatic and renal function tests, uric acid, and assessment of
cardiacstatus with echocardiography.

At the time of admission, the weight of every patient was
recorded and plotted on the standard WHO Z-score charts for
the weight for age and sex. The cases were classified as adequ-
ately nourished, moderately malnourished and severely
malnourished, if the weight for age Z-score was < -2, between 3
-2to<-3and3-3, respectively.

Two courses of anthracycline-based chemotherapy either ADE
(Cytarabine 100 mg/m?* 12-hourly on days 1-10, Daunorubicin
50 mg/m’ daily on days 1, 3 & 5, and Etoposide 100 mg/m’ daily
on days 1-5) or AD (Cytarabine100 mg/m’ 12-hourly on days
1-10 and Daunorubicin 50 mg/m” daily on days 1, 3 & 5) were
used as induction chemotherapy course 1. Second induction
chemotherapy was same as 1% chemotherapy course, but
Cytarabinewasreducedto8days (total 16 doses).

Two courses of high dose Cytarabine based chemotherapy
(HIDAC; Cytarabine 3000 mg/m’ twice daily on day 1, 3 and 5)
were used as consolidation therapy. Patients showing a partial
response after induction chemotherapy received FLA-Ida
(Fludarabine 30 mg/m? daily on days 1-5, Idarubicin 10 mg/m’
ondays 4, 5 &6 and Cytarabine 2000 mg/m’ daily on days 1-5)
asconsolidationtherapy.

All cases were admitted for the treatment. Hyper-hydration and
allopurinol were used to prevent tumour lysis. Serum electro-
lytes, intake and output, were meticulously monitored. Clini-
cally stable patients were discharged and followed up at least
twice weekly in the outpatient clinic. They were hospitalised
immediately in case of febrile neutropenia or any other compli-
cation.Anabsolute neutrophilcount(ANC) of <1000 was consid-
ered as neutropenia. Asingle oral temperature of >38°C or two
readings >37.5°C at least 2 hours apart were used to define
fever. Broad-spectrum antibiotics were used intravenously, to
treat neutropenic fever. Combination of amikacin and pipera-
cillin-tazobactam was used as first line of antibiotics. Teico-
planinwas used totreatsuspected central venouslineinfection.
Piperacillin-tazobactam was swapped with meropenem, iffever
continued after48hours. Anti-fungal amphotericin Bwas added
empirically, if fever continued beyond 96 hours. Red blood cell
concentrate (RCC) and platelets were transfused to keep
haemoglobin 38.0 g/dl and platelets 310x10°/L.

Quantitative variables were expressed in average + standard
deviation and qualitative variables in numbers and percent-
ages. Disease-free survival (DFS) was defined as the time from
the achievement of CR until relapse. Overall survival (OS) was
defined as the time from the date of diagnosis till last follow-up
ordeathfromany cause. The Kaplan-Meier method was used to
estimate DFS and OS; and survival differences were calculated

by using Log-rank tests. Chi-squared tests were applied to docu-
ment the difference in outcome among groups for each
covariate. The results are shown in Table II. All statistical anal-
yseswere performed usingthe SPSSversion23.0,and the statis-
tically significantpvalue waslessthan0.05.

Tablel: Patientcharacteristics.

Number (n) | Percentage (%)

Total number 206 | 100

Age Mean 5.96 + 3.57 years (range; 9 months to 15 years)
Less than 5 years 89 43.2

>5-10 years 79 38.3

>10-15 years 38 18.4

Gender

Male 130 [ 631

Female 76 | 36.9

Duration of symptoms
Presentation

Mean 52.64 + 57.69 days (range; 1-425 days)

Pallor 172 83.5
Fever 158 76.7
Visceromegaly 153 74.3
Bruising & Bleeding 105 51.0
Bone Pains 35 17.0
Proptosis 31 15.0
CNS Positive 7 3.4
Granulocytic Sarcoma 2 1.0
WBC count (x10°/L) Mean 55.67 = 68.45 (Range; 1.1-408)
(< 50 x10°/L) 129 62.6
(> 50 x10°/L) 77 37.4

Haemoglobin (g/dl)
Platelets (x10°/L)
FAB Classification

Mean 7.59+ 2.53 (Range; 2.9-15.9)
Mean 55.51+ 78.40 (Range; 2-684)

AML-MO iy 8.3
AML-M1 22 107
AML-M2 94 45.6
AML-M4 26 12.6
AML-M5 1 53
AML-M6 4 1.9
AML-M7 5 2.4
AML-DS 4 1.9
AML-NOS 23 11.2
RESULTS

Atotal of 255 new cases of AML were registered during the study
period. Forty-nine cases (including 39 cases of APL), three cases
thatrefused treatmentand seven cases, whowereon active treat-
mentwere excludedfromthestudy.

Data of 206 cases, including 130 (63.1%) males and 76 (36.9%)
females were analysed. The mean age at diagnosis was 5.96 +
3.58 years. The most common presenting feature was pallor in
172 (83.5%), followed by fever in 158 (76.7%) cases. Physical
examination revealed pallorin 172 (83.5%) patients followed by
visceromegaly in 153 (74.3%) patients. The mean white blood
cellscountwas 55.67 = 68.46x10°%/1. Initial WBC of >50 x 10°/L was
seenin 77 (37.4%) patients. The mean haemoglobin was 7.60 +
2.54 g/dl, and the mean platelets count was 55.52 + 78.41 x 10°/1.
Only seven (3.4%) patients had CNS (central nervous system)
disease. AML M-2 was the commonest FAB subtype in 94 (45.6%)
cases, followed by AML M-4 in 26 (12.6%) cases (Table 1).Six
(2.9%) patients died before the start of chemotherapy. Out of the
remaining 200 cases, 114 (57.0%) patients had ADE
chemotherapy and 86 (43.0%) had AD chemotherapy. The result
of 1*chemotherapy was TRM43(21.5%) cases, complete morpho-
logical remission (CR) 117 (58.5%) cases, partial response (PR) 25
(12.5%) andresistant/refractory disease (RD) 15 (7.5%) cases.
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Table IlI: Survival according to nutritional status in AML patients.

Variables Well nourished Moderately malnourished Severely malnourished Total p-value
TRM 32 (25.0%) 15 (32.6%) 18 (56.3%) 65 (31.6%) 0.003
RD 41 (32.0%) 16 (34.8%) 7 (21.9%) 64 (31.1%) 0.44
DFS 55 (43.0%) 15 (32.6%) 7 (21.9%) 77 (37.4%) 0.022
0S 56 (43.0%) 18 (39.1%) 7 (21.9%) 88 (39.3%) 0.012
Total 128 46 32 206

TRM; Treatment Related Mortality, RD; Relapsed/Resistant Disease, DFS; Disease Free Survival, OS: Overall Survival
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Figure 1: Disease-free and overall survival in AML, according to the
nutritional status of the patient.

One hundred and fifty-four patients received the second
course of chemotherapy. After two courses of induction
chemotherapy; TRM was 54 (27.0%), CR 130 (65.0%), PR 11
(5.5%) and RD 4 (2.0%).

In the present cohort overall, non-relapse mortality (NRM)
was 65/206 (31.6%), including 6/206 (2.9%) deaths before
the start of chemotherapy, 43/200 (21.5%), 11/154 (7.1%)
and 5/139 (3.6%) during first, second, and third
chemotherapy courses, respectively. No patient died during
the fourth course of chemotherapy. Neutropenic fever and
bleeding were the two most common causes of NRM. Out of
nine bleeding related deaths, five had Gl bleeding, three had

intracranial bleeding and one case had pulmonary haemor-
rhage. A total of 130 cases completed full treatment. Sixty--
four cases had the refractory or relapsed disease; and
mortality in the relapsed group was 60 (93.8%).

According to Z-score classification, the majority of the
patients, 128 (62.1%) were well nourished, 46 (22.3%) and
32 (15.5%) were moderately and severely malnourished,
respectively Out of 128 well-nourished patients, 32 (25%)
had TRM, 41 (32.0%) had relapse-related (RD) mortality and
DFS was 55 (43.0%). TRM was statistically significantly high
in severely malnourished children (p=0.03). Among the 46
moderately malnourished patients, 28/46 (60.9%) patients
died including 15 (32.6%) deaths during treatment, while 13
patients (28.3%) died due to relapse/resistant disease.
Among 32 severely malnourished, 18 (56.3%) patients had
TRM while 7 (21.9%) patients died due to relapse/resistant
disease and DFS was 7 (21.9%), Table Il.

One hundred and twenty-five (60.7%) patients died during
the study period and major causes of mortality were
neutropenic sepsis (36), respiratory failure (15), bleeding (9),
hyperleukocytosis (5) and resistant/relapsed disease (60).

DFS and OS differed significantly among the three groups.
DFS was 43.0%, 32.6% and 21.9% in well nourished, moder-
ately malnourished and severely malnourished patients,
respectively (p=0.022). OS was 43.8%, 39.1% and 21.9% in
well nourished, moderately malnourished and severely
malnourished patients, respectively (p=0.012, Figure 1).

DISCUSSION

Five-year survival rate of paediatric AML now approach 70%
in high-income countries (HICs)."* However, the majority of
childhood cancer patients live in resource-limited countries;
and malnutrition is rampant in these societies.” Malnutrition
results in increased morbidity and mortality in patients of
paediatric leukaemia.**™ Cancer and its treatment worsen
the nutritional status of already malnourished children due
to anorexia, inflammation and increased metabolic rate.”® In
the present study, over one-third of patients were malnour-
ished. A similar high rate of malnutrition at the time of diag-
nosis, have been reported by various other studies in chil-
dren from other LMICs.” "

In the present study, like other LMICs, TRM was quite high,
especially in severely undernourished children. TRM was
25% in well-nourished children and increased to 56.3% in

Journal of the College of Physicians and Surgeons Pakistan 2020, Vol. 30(10):1021-1025

1023



Tariq Ghafoor, Shakeel Ahmed, Sumaira Khalil and Tanzeela Farah

severely malnourished patients. Infection alone or with asso-
ciated bleeding and respiratory failure were the main causes
of TRM, which and mainly occurred during the induction
period. This association of infection-related high mortality
with malnutrition supports the findings reported by various
previous studies.”** Higher TRM in underweight patients has
also been reported from developed counties.'® This high
mortality can be explained on the basis of the fact that
malnutrition worsens in cancer patients because of an
increased metabolic rate due to disease and neutropenic
fever.'® Moreover, anorexia secondary to chemotherapy-in-
duced nausea and vomiting, and mucositis results in
decreased oral intake. Decreased availability of the food of
choice in the hospital also results in decreased oral intake.
Malnutrition in Malawian patients with Wilms tumour and
other LMICs has been managed with nutritional interven-
tions.™

Parenteral nutrition for paediatric patients was not available
at the study centre. Though commercially available oral nutri-
tional supplements were advised to children, but many of
them were not very eager to take them. Malnutrition results
in decreased complement, cytokines, and immunoglobulins,
leading to impaired immune system functions. Correction of
nutrition deficiencies, infusion of supplemental immunoglob-
ulin and prophylactic antibiotics are recommended for under-
nourished children undergoing chemotherapy for AML.** NG
feeds can be helpful during periods of chemotherapy-related
nausea and vomiting.

0OS and DFS were statistically significantly lower in malnour-
ished patients. This was mainly due to increased TRM in
malnourished children. However, relapse-related mortality
was found to be inversely proportionate to the degree of
malnutrition. This may raise a hypothesis for future
researches that malnutrition decreases the chances of
relapse-related deaths in paediatric AML patients.

CONCLUSION

Malnutrition adversely affects the treatment outcome in
paediatric AML. It is associated with increased treatment-re-
lated mortality, mainly due to infection and decreased
disease-free and overall survival.
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