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ABSTRACT

Introduction: Acute myeloid leukemia (AML) is a clonal disease of the hematopoietic tissue
characterized by abnormal proliferation of myeloid lineage progenitor cells, resulting in insufficient
generation of normal mature blood cells.

Bone pain is often present at the diagnosis of pediatric acute lymphoblastic leukemia but is very
rare in acute myeloid leukemia. It may also indicate the presence of pathological fracture, lytic
lesions, arthritis, or associated osteitis, which may delay diagnosis.

Objective: To study the incidence of children with acute myeloid leukemia (AML) with bone
involvement. Clinico-biological description and analysis of the prognostic impact of age, sex,
treatment, type of bone involvement associated with acute myeloid leukemia.

Methodology: This partly prospective/retrospective descriptive study included 17 children with
AML diagnosed at the Department of Hematology and Pediatric Oncology CHU Mohamed VI
Marrakech Morocco, during the period from March 2011 to November 2021. A form gathering the
main items necessary for the study was made for 17 cases.
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52.94% (9 cases).

Results: In order to describe the bone involvement (BA) in pediatric AML, we reviewed the records
of 47 patients followed in our unit for AML. The overall incidence of OA was 36.17% or 17 cases.
At diagnosis, patients had a revealing AO in 47.05% of cases, i.e. 8 cases, one of which, the
diagnosis of AML was delayed by 6 months. During and after treatment, respectively 23.5% and
29.4% of patients presented bone complications (bone pain, vertebral compression, osteolysis).

The average age of the patients with AO was 8.5 years. A predominance of female gender at

In our study, the majority of AO were resolved after AML treatments without short-term sequelae.
However, a death rate was marked at 58.80% (10 cases).
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1. INTRODUCTION

Approximately 40% of childhood cancers are
leukemias and 15% of these are acute myeloid
leukemias (AML). Although the first descriptions
of isolated musculoskeletal involvement as the
inaugural manifestation of pediatric AML date
back to 1913 [1], this mode of presentation
remains a diagnostic challenge because the
signs of such involvement are not specific to
leukemias. According to the literature, the
prevalence of the various possible inaugural
bone disorders (pain, fracture, Iytic lesion,
arthritis, etc.) at the time of diagnosis of AML
varies from 11% to 19% [2] and are sometimes
isolated. Among the mostly common
musculoskeletal pain in children, it is essential to
identify those caused by cancer, because an
erroneous diagnosis of orthopedic, rheumatic or
infectious disease may lead to the administration
of corticosteroids. Corticosteroids, by inducing a
temporary remission, delay the diagnosis and
worsen the prognosis of AML, which will then be
more difficult to cure when it recurs, or cool the
disease down until metastasis and death occur
[3-5]. The cause of inaugural bone damage (OA)
and bone complications in AML is multifactorial:
related to the patient, the disease or the
treatments [6-12]. Promoting factors identified so
far are AML of immunophenotype type 3 for
inaugural involvement, age = 10 years and
female gender for osteonecrosis and osteolysis
[11]. The bone toxicity of anti-leukemic
treatments such as glucocorticoids is well
recognized. The improvement in the survival rate
of children with AML is less because the
treatment of acute mesoblastic leukemia has
progressed less in children over the last twenty
years and the best results are currently obtained
using intensive protocols combining essentially
aracytin and anthracyclines. The value of bone
marrow transplantation in first complete
remission from a geno-identical donor has been
demonstrated in children. Cure is obtained in
50% of cases of acute myeloid leukemia in

children [13]. However, AML has a poor
prognosis with a survival of 30% at 5 years in
young subjects and children [14].

Currently, the analysis of AO associated with
leukemia justifies the search for a reduction in
the toxicity of treatments such as bone
demineralization and its consequences (pain,
fractures) or avascular necrosis (AVN). The
incidence of AVN, previously estimated at 2 to
9% according to retrospective studies [11], could
be around 24% according to a prospective study
[13]. The severity of this complication is
underlined by the need for joint replacement
surgery in a quarter of affected patients [14]. The
guestion of how to reduce the incidence of bone
complications without reducing the efficacy of
treatment is therefore not clearly defined. The
overall prognostic value of inaugural OA is not
clear [2,11]. In addition, severe OA requires
immobilization to reduce the risk of weight-
bearing aggravation (vertebral  fracture,
neurological injury) that impairs the quality of life
of children with leukemia.

The aim of this retrospective study, involving a
cohort of children with AML treated in our unit
between 2011 and 2021, is to determine the
incidence of OA in this population from diagnosis
to the end of treatment, to describe their clinical,
biological and radiological characteristics, to
analyze the factors favoring their occurrence and
to compare these data with those of the
literature.

2. MATERIALS AND METHODS

Among patients with AML admitted and treated
between 2011 and 2021 in our Pediatric
Hematology-Oncology Unit of the Mohammed VI
University Hospital Center in Marrakech,
Morocco,47 records with analyzable clinical data
were included and retrospectively reviewed. The
following clinical data were analyzed: age at
diagnosis, sex, and history of pathology. All
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patients underwent clinical and biological
evaluation at diagnosis according to international
standards: morphological examination, biological
analysis, immunophenotyping and standard
cytogenetics. The characteristics of their disease
were analyzed. Each patient was treated
according to the AML treatment protocol
established in our unit at the time of diagnosis
(AML 2003, AML2011). No patient received a
hematopoietic stem cell transplant. The
occurrence of relapse, death and duration of
follow-up were also analyzed. For each patient,
the presence of one or more OA at the time of
diagnosis, during or up to 6 months after the end
of anti-leukemic treatments, and their location
were analyzed. The following were considered as
OA: bone pain (DO), lameness, fracture,
osteolytic  lesion, NAV,  arthritis, bone
densitometry abnormality (BMD measured by
biphoton X-ray absorption) such that osteopenia
was considered statistically significant. Different
variables were compared. Epidemiological data
were analyzed and compared according to the
time of onset of OA.

Statistical analyses: For our entire cohort, data
are expressed as mean or number and
frequency (percentage). A database was
established to group and compare all descriptive
and analytical elements.

3. RESULTS

The characteristics of the 17 patients are
presented in Table 1. Our cohort was almost half
female (52.94%). It was a prepubertal cohort,
with 53% of the children older than 10 years at
diagnosis.

The mean age was 8.5 years with extremes
ranging from 2 to 15 years. 76.47% of the
patients were of urban origin, i.e. 13 cases,

whereas 23.52% of the cases, i.e. 4 cases, were
from rural areas.

Consanguinity was 17.64% or 3 cases (1st
degree) and the average delay of consultation in
the pediatric hematology-oncology department
was 1 month and 17 days.

Bone involvement was present in all patients in
our study, patients had a revealing AO in 47.05%
of cases, i.e. 8 cases, of which one of them,
the diagnosis of AML was delayed by 6
months. Thus, OA was prominent during and
after treatment, respectively by 23.5% and
29.4%.

Only 5.88% of the children in this cohort had a
significant osteoarticular history, i.e., only 1 case:
chronic arthralgias diagnosed as juvenile
idiopathic arthritis (n = 1). Promyelocytic AML3 in
35.29% of cases, i.e. 6 cases. Detection of
specific immunophenotypic markers (CD13,
CD33, CD34, CD117) by immunophenotyping
was positive in 7 cases, i.e. 41%, and not done
for the rest. As well as the cytogenetic
abnormalities commonly observed in our series
included the following rearrangements: trisomy
21,1 (8;21), inv. (16) or t (16;16) and Philadelphia
Chr and this was done in only 5 cases or
29.41%.

3 patients among those whose karyotype was
done had an unfavorable prognosis (3
cytogenetic anomalies).

29.40% of the patients had metastases, i.e. 5
cases (two pulmonary locations, two spinal
locations and one osteomedullary location).

Laboratory data related to the diagnosis of AML
(leukocytes, platelets and neutropenia) and to
the morphological classification of FAB are
described in the table.

Table 1. Signs and symptoms at diagnosis in number (n) and percentage (%) of patients with
acute myeloid leukemia

Sighs/symptoms Number of cases Percentage
Anemic syndrome 17 case 100%
Hemorrhagic syndrome 15 case 88.35%
Tumor syndrome 15 case 88.35%
Infectious syndrome 13 case 76.47%
Alteration of the general state 17 case 100%

Bone pain 17 case 100%
Respiratory symptomatology 1 case 5.88%
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Table 2. Hematological abnormalities

Number of GB Number of cases Percentage

t <10,000 6 cases 35,29%

10,000---50,000 8 cases 47,05%

>50,000---100,000 2 cases 11,76%

>100,000 1 cas 5,88%

FAB Classification

MO 0 Cas 0%

M1 1 Cas 5,88%

M2 1 Cas 5,88%

M3 4 Cases 23,5%

M4 3 Cases 17,64%

M5 1 Case 5,88%

M6 0 Case 0%

M7 0 case 0%

N.B imunophénotypage non fait

dans 10 cas
9 patients completed their chemotherapy of the patients had a work-up (X-rays, CT scan,
treatment, i.e. 52.90%. However, only one MRI) among the examinations that were

patient did not receive any treatment (delayed
diagnosis with death before initiation of therapy).
In total, the evolution was marked by: a
cytological remission of 11.70%, i.e. 2 cases,
29.41% of the patients relapsed, i.e. 5 cases,
11.7% of recurrence, i.e. 1 case, 11.7% of loss of
sight, i.e. 1 case (patient not present at the
consultation with a non-functional telephone
number), none of the patients were transplanted
in first complete remission or in relapse. Ten
patients died, i.e. 58.80% (one of them
died at home before the start of therapy and
another during the induction phase). The
main causes of death were infections,
bleeding episodes, leukostasis and tumor lysis
syndrome.

The median follow-up of our cohort is 9 years.

Le suivi médian de notre cohorte est de 9 ans.

3.1 General Description of Patients with
Bone Involvement

Among the 64 children in our study, 17 cases or
% had one or more episodes of OA: episode at
the time of diagnosis for 8 /17 patients or
47.05%, during treatments for 4/17 or 23.52% or
after treatments for 5/17 or 29.47%. Most of the
patients were diagnosed at the time of diagnosis.
The patients with AO did not have BMD. At the
time of diagnosis, 8 patients had OA: 5 with
isolated OD, 1 with isolated lameness, 2 with
vertebral compression, while arthritis, osteitis or
osteomyelitis were not objectified. When they
had bone or joint pain at diagnosis, 94% (16/17)

performed. MRI) among the examinations that
proved abnormal in patients followed by AML
with AO plus, we objectified necrosis of the rock,
otomastoiditis, lytic bone lesions of the internal
extremity of the right clavicle blowing the bone
cortex, cortical rupture and settlements of the
vertebral bodies. In patients with DO at diagnosis
and normal workup, OA occurred during or after
treatment. In 52.14% (9/17) of the patients, no
BMD was performed at diagnosis without having
any bone complaint.

The characteristics of the 3 groups of patients
according to the time of occurrence of OA are
shown in Table 2. Although the differences were
not statistically significant, patients with OA
during AML treatments were more often girls
and patients >10 years old than in the full
cohort.

3.2 Location of Bone Involvement

Patients who presented with AML with OA (OD,
bone pain. The location of bone pain was 53% in
the lower limbs with accentuation in the pelvic
girdle, 24% in the back and 20% in the upper
limbs.

- In total, patients with OA received at least
one symptomatic treatment based on
analgesics: paracetamol and morphine.
Among patients with OA, none received
calcium and vitamin D supplements or
biphosphonate treatment.
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- For living patients, no other long-term complications were noted following
sequelae after treatment were found vertebral compression.
in our cohort and no neurological

boneinvolvementin LMA

M Bl at diagnostis
M Bil on traitement
m Bl aftertraitement

Fig. 1. Characteristics of pediatric AML patients with bone involvement at diagnosis, during or
after anti-leukemia therapy

Fig. 2. Bone demineralisation of the femoral head

Fig. 3. 5-year-old patient with LLA (standard radiography with compression of L5
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4. DISCUSSION

Musculoskeletal disorders in children are
frequent, mostly transient and benign. However,
some of them are the inaugural signs of a
cancerous disease and the absence of
associated pathognomonic signs may lead to a
delay in diagnosis and to therapeutic errors.
Some studies estimate the incidence of cancer in
musculoskeletal diseases to be less than 1% in a
series of children with arthritis [15], or 3.7%
among children referred to an infectious diseases
clinic [16]. In the latter series, 2.3% had AML. In
our series, no patient received corticosteroids
before the diagnosis of AML was made, but for
several children, the delay before a marrow
aspiration revealed AML was significantly long.
According to Zombori et al. [17], certain warning
signs may raise the suspicion of cancer with a
musculoskeletal complaint: atypical location of
pain, disproportion between pain intensity and
normal imaging, any abnormality on the blood
count, elevated LDH, presence of
adenopathy/hepatosplenomegaly. In our study,
the incidence of OD was 24% at diagnosis, which
is comparable to the figures in the literature
[12,18,19], and the overall incidence of
symptomatic OA of 31% in our series is
consistent with the 47% rate of OA reported by
Tragiannidis et al. [2]. Chell et al. [20] even report
an incidence of bone necrosis around 1% and
OD in 99% of cases. Marwaha et al. [21]
describe that 6% of patients with AML had an
inaugural presentation of juvenile idiopathic
arthritis. A high prevalence of vertebral
involvement or fractures (thoraco-lumbar) is
noted at the time of diagnosis of AML or ALL or
during treatment as reported in recent
prospective studies [22]. In our series, bone pain
was more frequent in areas with abundant bone
marrow, such as the pelvis (hips) or the sternum.
This is due to crowding of the bone marrow with
an excessive number of abnormal white blood
cells. In children, parents may notice that a child
is not drinking or walking normally, without any
form of injury to explain the symptom. Minor
abnormalities of phospho-calcium metabolism in
patients with LA are frequently observed. They
reflect the imbalance of phosphocalcic
homeostasis by disturbance of bone resorption,
renal excretion, gastrointestinal absorption and
increased intake (via transfusions).
Hypercalcemia, which occurs in only 1% of
cases, is the most serious complication [23-25]
and is often accompanied by skeletal
abnormalities mimicking metabolic bone disease.
This malignancy-induced hypercalcemia may be

humoral (secretion of PTH-related protein, TNF,
interleukin or cytokines) or secondary to
osteolytic activity [23,24]. During AML treatment,
we observed 36% AO, which is comparable to
the prevalence of bone morbidity reported in the
literature (around 20%) [2]. Osteopenia (15.5%),
fractures (8.7%), and NAV (2.91%) were the
most notable bone lesions at diagnosis. The
causes of this morbidity are multifactorial:
patient-related, disease-related, and anti-
leukemia treatment-related. Age greater than 10
years has been identified as a factor favoring
bone complications of LA treatments. In our
series, there are no more preadolescents in the
AO group, but they represent 38% of the
subgroup of patients with bone complications
during treatment (vs 47% at diagnosis and 26%

after treatment). Several recent prospective
studies, using next-generation sequencing
techniques, have identified SNPs in the

COL11A1 and NELL1 genes as predisposing
factors for decreased bone mineralization [26].
As in published series, AO in our experience was
mostly encountered in patients with AML type M2
M3 M4, proliferation leads more rapidly to
hematologic and clinical symptoms, and bone
involvement probably does not have time to
become symptomatic. Leukemic AO is probably
related to pressure on or damage to the
periosteum from bone marrow infiltration [2], and
cytokine-mediated stimulation of osteoclasts
leads to weakening of the bone matrix, resulting
in fractures or vertebral compression [11].
However, these drugs are essential to achieve
the current survival figures in these diseases.
Neither the prognostic value of OA at diagnosis
nor that of bone complications occurring during
treatment has been clearly determined. However,
one series showed a statistically better 5-year
overall survival for patients with juvenile
idiopathic arthritis-like involvement at diagnosis
of their LA (n = 49 JIA/762 LA) [21]. Therefore,
primary and secondary prevention is certainly
crucial for the reduction of morbidity. Indeed,
secondary bone damage, although significantly
disabling (fractures, NAV, immobilization), is
partially or completely reversible thanks to the
administration of calcium and vitamin D
supplements, as well as the administration of
biphosphonate for the most severe cases.

Despite this management, a proportion of
patients will retain osteopenia in 13-24%
according to the literature [13], and this

proportion is expected to increase as the survival
rate of LA improves [27,28]. In our cohort, we
could not have an idea of which patients had
persistent residual osteopenia after the end of
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treatment, hence the interest of early and
prospective follow-up by BMD, as soon as the
diagnosis is made, would make it possible to
identify asymptomatic osteopenia and, by early
management, to avoid its aggravation. However,
in young children, the value of BMD is debated
because of the lack of clear reference values in
this age group. In addition, standard radiography
can only visualize changes when the loss of
bone mass is greater than 30%. For prevention
and follow-up of TANs, a prospective study of
patients >10 years of age with targeted MRI
could help to identify extensive epiphyseal
lesions earlier with high sensitivity and specificity,
allowing early medical or surgical intervention. It
is interesting, however, to note that despite the
undisputed morbidity of fractures and vertebral
compression in patients with LA, the incidence of
secondary neurological damage is very low [11].
The positive impact of physical exercise
encouraged during cancer treatment is being
evaluated. In contrast to studies in adults, there
does not appear to be increased survival in
children. However, the positive impact on bone
mineralization and quality of life appears to be
significant [29-31]. Thus, particular attention
should be paid to other supportive care such as

optimization of nutrition, mobilization and
maintenance of physical activity during
treatment. Various studies, without

demonstrating a survival advantage, argue for a
gain in quality of life. These types of
management should therefore be integrated into
the primary or secondary prevention of AO
associated with pediatric LA.

5. CONCLUSION

Skeletal development in children, characterized
by rapid accumulation of bone mass, is
particularly vulnerable to the effects of AML and
its treatments. AO, such as pain, arthritis,
osteitis, or fractures, may be the inaugural signs
of AML and these AO should be routinely sought.
In addition to initial OA, bone toxicity from anti-
leukemia therapy is also a concern. Early
identification of OA (imaging) and severe
asymptomatic demineralization (bone
densitometry), whether initial or secondary to
treatment of AL, allows for early management,
better follow-up, avoidance of worsening, and
resolution after the end of treatment in the
majority of cases. Evaluation of all other factors
influencing bone health (phosphocalcic
metabolism, hormones, nutrition, and
biomechanical load) should be part of a primary
(e.g., systematic BMD at diagnosis) and
secondary (e.g., serial BMD and calcium and

vitamin D supplementation, exercise program,)
prevention strategy for LA-related OA.
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