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Abstract

Introduction. The clinical and histopathological signs of bone marrow involvement by
solid tumors may overlap with hematological neoplasms which can pose a diagnostic
challenge.

Purpose.To describe bone marrow morphology when involved with solid pediatric tumors
and find the association with clinical presentation and blood indices derangements.
Materials and methods. Bone marrow aspirates and biopsies of a total of 65 patients
with solid tumors were retrospectively evaluated during the period between Jan 2020 to
Mar 2021. Clinical and complete blood count were retrieved form patients notes.
Results. The patients mean age was 4.0+2.8 years. Male to female ratio was 1.4: 1. 24.6%
of patients in our cohort has bone marrow involvement as a presenting feature. Fifty-
two (80%) of solid tumor that involved the bone marrow were neuroblastoma followed
by retinoblastoma 5 (7.7%). The dominant bone marrow morphology observed in all
aspirate and biopsy was non homoeotic primitive mononuclear aggregates and discrete
cells. Fibroblastic reaction and Neurofibrillary matrix were observed in 14 (21.5%) and
2 (3.1%) respectively. In addition to anemia, leukopenia was reported in 18 (27.7%),
thrombocytopenia in 13 (20%) and thrombocytosis in 10 (15.4%) of these patients. Bone
marrow failure and pancytopenia was reported in 5 (7.7%) of the cases, 80% of them had
neuroblastoma, the rest had rhabdomyosarcoma.
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Conclusion. Bone marrow metastasis in pediatrics with nonspecific symptoms represent a
diagnosis challenge that can be resolved by bone marrow biopsy. Neuroblastoma was the
most often occurring solid tumor in Iragi children that metastasized to the bone marrow.
Keywords: solid tumors, pediatrics tumors, bone marrow metastasis, homoeotic primitive
mononuclear, bone marrow
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Pesiome

BBepeHume. KnnHunyeckre n ructonatonornyeckmne npusHakm nopakeHnsa KOCTHOro Mo3-
ra COMMAHbLIMU OMYXONAMY MOTYT COYETaTbCsA C reMaTONOrMYeCcKMMN HOBOOOPa3oBaHNs-
MW, YTO BbI3blBaeT TPYAHOCTM NPY NOCTAaHOBKeE AMarHosa.

Lenb. Onucatb mopdonornyeckne ocobeHHOCTV KOCTHOTO MO3ra y NeamnaTpuyeckmx na-
LMEHTOB C CONMAHbIMMA OMYyXONAMMW M YCTAaHOBUTb B3aMMOCBA3b MeXAY KAMHUYECKUMM
NPOABNEHUAMMN 1 OTKIOHEHMAMM B MOKa3aTenax KPoBu.

Marepuanbl 1 metoabl. AcnvpaTbl U 6MONTaTbl KOCTHOrO Mo3ra 65 MaLUeHTOB C Co-
NNOHBIMU ONYXONAMM NCCNefoBany peTpocrnekTUBHO B nepurof ¢ AHBapa 2020 no mapt
2021 r. KnnHnyeckne JaHHbIe 11 MOKa3aTesy 06Lero aHanmsa KpoBu Obifiv MoslyYeHbl U3
KapToyek naumneHToB.
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Pesynbratbl. CpegHnin BO3pacT nauyneHToB coctasun 4,0+2,8 roga. CoOoTHOLIEHNe Masb-
UnKoB 1 gesouek — 1,4 : 1. Y 24,6% naumneHTOB Nccriefyemoin KoropTbl MOpakeHne KOCTHO-
ro Mo3ra 6blf10 OCHOBHbIM NMpK3HakoM. 52 (80%) connpHble onyxonu, Bbi3BaBLUME NOpaxe-
HMe KOCTHOro mMo3ra, 6binun npefcTaBneHbl HellpobnacToMamu, ClneayrowrmMm no Yactote
BCTpeYaemMocTu 6binn peTrHobnactomel (5 (7,7%)). Mpeobnagatowm mopdposiorniecknm
npu3sHakom, HabnogaemMbiM BO BCeX acnmpaTax U bronTatax KOCTHOro Mo3ra, 6b110 Ha-
NYne HEromMeoTUUYECKUX MPUMUTUBHbBIX MOHOHYKEaPHbIX arperaTtoB U AUCKPETHbIX Kie-
ToK. QrbpobnacTmyeckas peakuma 1 HeMpoGUOPUNNAPHBIA MaTPUKC BblI OTMEYEHbI B
14 (21,5%) 1 2 (3,1%) cnyyaax cooTBeTCTBEHHO. [ToMrMo aHemuu, y 18 (27,7%) naumeHToB
Habniopganacb nenkonexus, y 13 (20%) — TpomboumToneHus, y 10 (15,4%) — Tpombouu-
T03. KOCTHOMO3roBasa HeJoCTaTOYHOCTb W NaHuuToneHna 6binm obHapyxeHbl B 5 (7,7%)
cnyyasx, npuyem y 80% naumeHToB Obinn BbIABEHbI HENPOBIacTOMbl, @ Y OCTanbHbIX —
pabgommnocapKkombl.

3aknioueHue. Y negnaTpuUecknx naumeHToB C Hecneumdrnyeckumm CUMNToOMamm me-
TacTasbl B KOCTHbI MO3r MpeAcTaBAAloT cO60M AnarHoCTUYeCKyto npobnemy, KOTopyio
MOXXHO NPEeoAOosIeTb C MOMOLLbIO BUOMNCUN KOCTHOIO MO3ra. Y MpakcKux geten Hanbonee
YacTo BCTpeyaloLLeica CONMAHOM ONyXonblo, fatoLelrl MeTacTasbl B KOCTHbIA MO3T, Obina
HelipobnacToma.

KnioueBble cnoBa: convgHble onyxonu, onyxonu y fetei, MmeTactasbl B KOCTHbIN MO3T, ro-
MeoTUYecKne nepBmnYHbIE MOHOHYKNEeapbl, KOCTHbI MO3T

B INTRODUCTION

Pediatric solid tumors are a heterogeneous group of diseases account for more than
60% of all childhood malignancies. The spectrum of solid tumors found in children
differs considerably from that found in adults [1]. Pediatric neoplasms encompass a
variety of tumor types, including central nervous system (CNS) tumors accounting for
35% of cases, neuroblastoma comprising 15% of cases, soft tissue sarcomas such as
rhabdomyosarcoma accounting for 7% of cases, Wilms tumor accounting for 6% of
cases, bone tumors including osteosarcoma and Ewing sarcoma accounting for 8% of
cases, retinoblastoma accounting for 5% of cases, and miscellaneous tumors such as
hepatoblastoma accounting for 17% of cases [2]. The past five decades have witnessed
a notable enhancement in the rate of remission among pediatric patients with solid
tumors. This improvement can be attributed to a deeper comprehension of the biological
and clinical dimensions of these tumors, which has facilitated the refinement of clinical
staging systems. Additionally, the consistentimplementation of supportive care measures
has played a crucial role in this progress. Furthermore, the development of more effective
treatment strategies, involving the integration of chemotherapy, surgery, and radiation
therapy, has contributed significantly to the observed advancements [1]. The incidence of
pediatric cancer, including hematological cancers, in Iraq exhibited a consistent stability,
with rates ranging from 9.55 to 9.92 per 100,000 children, over the period of 2000 to 2016.
Childhood cancer in Iraq comprises approximately 7.5-8.5% of all cancer cases, with an
annual average of 1000 cases [3]. The prevalence of the disease aligns with the worldwide
average of 10 cases per 100,000 individuals, as well as specific regional rates observed
in Jordan (9.9 cases per 100,000) [4] and Iran (17.5 cases per 100,000) [5], However, it is
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important to note that the disease continues to impose a significant burden due to its
elevated fatality rate. In developing countries, the mortality rate can reach as high as 98%,
while in developed countries, it can be as low as 15% [6].

The bone is a common site of metastases for solid tumors [7]. The unique bone
microenvironment which has rich vascular supply and chemo attractive factors produced
by stromal cells, osteoblasts, osteoclasts, and osteocytes provides an ideal niche for tumor
cell attachment and proliferation [8]. Bone metastasis is frequent in children suffering from
neuroblastoma [8], osteosarcoma [9] and Ewing sarcoma [10, 11]. For instance, Taguchiand
colleagues reported that bone metastasis in neuroblastoma affected the skull in 61.4%,
femur in 56.8%, orbit in 27.3% and spine in 22.7% [12]. The presence of bone metastases
is a negative prognostic indicator. The aforementioned phenomenon has a detrimental
impact on the overall well-being of individuals, leading to a decline in their quality of life
and an escalation in both morbidity and mortality rates [11]. Around 70% of individuals
diagnosed with neuroblastoma exhibit metastatic spread at the time of diagnosis. The
metastasis often occurs in the bone and bone marrow, which is indicative of a highly
aggressive tumor and an unfavorable prognosis, even with intensive chemotherapy and
autologous hematopoietic stem-cell transplantation [13].

Diagnoses of bone marrow involvement by non-hematological malignancies are
made using BM biopsy, cytological and histological studies of the bone. The study of bone
marrow not only enables the identification of metastatic cells’lodgement, invasion, and
extravascular dissemination at the cellular level, but also provides information about the
host marrow’s responses. Metastatic tumor detection in the bone marrow is critical for
clinical staging, determining therapy response, and determining overall survival [14].

The clinical and histopathological signs of bone marrow involvement by solid tumors
may overlap with hematological neoplasms which are relatively frequentin this age group.
This can pose a diagnostic challenge, especially if it is the initial presenting symptom. In
this study we presented a series of solid pediatric tumors with bone metastasis, describing
BM morphology for each tumor and associated clinical presentation and blood indices
derangements.

B PURPOSE OF THE STUDY
To describe bone marrow morphology when involved with solid pediatric tumors and
find the association with clinical presentation and blood indices derangements.

B MATERIALS AND METHODS

Bone marrow aspirates and biopsies of a total of 65 patients with solid tumors were
retrospectively evaluated during the period between Jan 2020 to Mar 2021 in Children
Welfare Teaching Hospital in Bagdad. Patient’s demographics and clinical presentation
were retrieved form achieved patients notes.

Children under the age of 12 with a newly diagnosed solid tumor of with bone marrow
metastasis with or without a localized tissue tumor, were eligible for inclusion. Patients
who had previously had or were currently receiving treatment were excluded.

A Jamshidi aspiration and trephine needles were used to obtain bone marrow aspirates
and biopsies from the posterior iliac crest. Five methanol-fixed smears were stained with
Leishman’s stain. A 1.5 cm core was taken and processed at the histopathology laboratory
and sections 3-4 um thick sections were stained with Hematoxylin and eosin were used
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to stain (H&E) and immunohistochemical (IHC) panel. Peripheral blood cell morphology
was evaluated using Leishman’s-stained smears were examined under light microscope.

For each patient, 3 ml venous blood sample was collected in EDTA tube and complete
blood count was obtained using an automated electronic counter (Beckman Coulter, ACT.
5 diff. USA).

The Statistical Package for Social Sciences software for windows version 25 (IBM
Corp., Armonk, N.Y.,, USA) was used for all statistical analyses. Observational data was
presented in the form of frequencies and percentages. According to the data distribution,
continuous variables were expressed as mean, standard deviation (SD), or range. To assess
the proportions of nominal/ordinal variables in different groups, statistical comparisons
were performed using the Chi-square test or Fisher’s exact tests, as appropriate. Statistical
significance was defined as a P value less than 0.05.

B RESULTS

The mean age of patients was 4.0+2.8 years ranging between 5 months — 12 years.
The majority (73.8%) were younger than 5 years. Male to female ratio was 1.4: 1. Fifty-two
(80%) of solid tumor that involved the bone marrow were neuroblastoma followed by
retinoblastoma 5 (7.7%) as further detailed in Table 1. Bone marrow involvement at the
first diagnosis was reported in 11 (21.2%) of neuroblastoma patients.

The most frequent presenting features of these patients was abdominal mass or
distention 36 (55.3%) (Fig. 1).

This was seen in 57.7% of neuroblastoma patients, 60% of retinoblastoma, 66.7% of
PNET and 50% of rhabdomyosarcoma (Table 2).

Ocular manifestations were observed in 23.1% of the patients distributed between
neuroblastoma, retinoblastoma and rhabdomyosarcoma. Nonspecific symptoms such as
fever, weight loss and bone pain were reported by 16 (24.6%) of the cases, 11 (68.7%)
turned to be retinoblastoma and 3 (18.8%) were Ewing sarcoma.

The dominant bone marrow morphology observed in all aspirate and biopsy of this
cohort was non homoeotic primitive mononuclear aggregates. Additionally, discrete

Table 1

Patients demographics
Parameter Frequency Percentage
Age
<5 48 73.8
5-9 10 154
210 7 10.8
Gender
Male 38 58.5
Female 27 415
Type of the tumor
Neuroblastoma 52 80
Retinoblastoma 5 7.7
Ewing 3 4.6
Primitive neuroectodermal tumour 3 4.6
Rhabdomyosarcoma 2 3.1
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Abdominal mass/distention 553
Fever

Ocular (proptosis, swelling, mass)
Bone pain / joint / leg pain

Pallor

Weight loss

Skull mass

Weakness in lower limb . Percentage

Bleeding tendency 7.7

Abdominal pain

Fig. 1. Clinical presentation of patients with solid tumor infiltrating bone marrow

Fig. 2. Micrographs of bone marrow aspiration and biopsy. A - Bone marrow aspirate showing a
cohesive cluster of neoplastic cells forming a Rosette; B - Bone marrow aspirate showing diffuse
infiltration of malignant non hemopoietic elements with intermingled neurofibrillary components
(arrow); Lishman stain, magnification 400x. C, D - Bone marrow biopsies showing disturbed architecture
due to heavy infiltration by non-hemopoietic elements malignant mononuclear with fibroblastic
reaction (arrows), H&E, magnification 200X
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Table 3

Hematological profile of study group
Peripheral blood Frequency Percentage
Anemia 58 89.2
Leukopenia 18 27.7
Leukocytosis 4 6.1
Thrombocytopenia 13 20
Thrombocytosis 10 15.4
Pancytopenia 5 7.7

cells were seen in more than two thirds of neuroblastoma, Ewing sarcoma and PNET.
Fibroblastic reaction was observed in 14 (21.5%) most of them were neuroblastoma.
Neurofibrillary matrix observed in 2 (3.1%) of the case, all were neuroblastoma, details are
listed in Table 2. Immunohistochemistry staining was used to confirm the diagnosis in all
the cases.

Bone marrow infiltration reflects on peripheral blood indices. Anemia was reported
in 58 (89.2%), 84.5% of them were neuroblastoma, 6.9% were retinoblastoma and 3.7%
of PNET and rhabdomyosarcoma (P=0.033). Leukopenia was seen in 18 (27.7%), 88.9%
of them were had neuroblastoma, the rest had PNET. Thrombocytopenia was less
reported as shown in Table 3, 11 (84.6%) were with neuroblastoma and 1 (7.7%) were
with retinoblastoma and rhabdomyosarcoma. Bone marrow failure and pancytopenia
was reported in 5 (7.7%) of the cases, 80% of them had neuroblastoma, the rest had
rhabdomyosarcoma.

B DISCUSSION

Hematological spread of pediatrics solid tumors and bone marrow involvement varies
according to tumor type [15]. Bone marrow examination employed for primary diagnosis,
tumor staging and prognostic significance [16]. We have found that almost a quarter of
patients in our cohort has bone marrow involvement as a presenting feature along with
other nonspecific features despite comprehensive clinical and radiological examination,
68.8% of whom end to be neuroblastoma. Furthermore, replacement of the bone marrow
by metastatic solid tumor impairs normal hemopoiesis, resulting in myelopthesic anemia
and various cytopenias consistent with other studies [17] which can be misdiagnosed as
leukemia. To our knowledge this is the first Iragi study which looked into bone marrow
morphology and peripheral blood indices when bone marrow is involved by solid tumor
in pediatrics.

The standard procedure for diagnosing bone marrow involvement, as recommended
in several studies, included both bone marrow aspirate and biopsy. While tumor cells are
frequently found in the bone marrow aspirate, the exact kind of tumor cannot always be
determined in the absence of a bone marrow biopsy [18] which can be used subsequently
for IHC study. The predominant microscopical morphology of metastatic tumors in
bone marrow aspirate and biopsy, in this cohort, characterized by nonhemopoietic cell
aggregates in small and large clusters with or without discrete cells. Less observed feature
was neurofibrillary matrix which was observed exclusively in 3.8% of neuroblastoma
cases while fibroblast reaction was associated with 25% of neuroblastoma and 20% of
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retinoblastoma metastases. Widespread bone and bone marrow disorders can associate
with bone pain, limping, and irritation [19]. 20% of the patients in our cohort complained
of bone and joint pain and 9.2% had weakness in the lower limp, especially those with
Ewing sarcoma, PENT and neuroblastoma.

Bone marrow replacement by metastatic cells may associate with symptoms of
marrow failure in advance stages [15, 19]. The majority (89.2%) of these patients in this
study had anemia. Moreover, twenty percent of the patients had thrombocytopenia while
7.7% of then complained of bleeding tendency. On the other hand, thrombocytosis was
observed in 10 (15.4%) of our patients. In an earlier study, Penchansky and colleagues
reported that thrombocytosis in children with solid tumors was more frequent in those
who did not have bone marrow involvement (39% vs 10%) [18]. Later studies found a
strong association between thrombocytosis and bone metastasis [20]. Platelet activation
by cancer cells is found to be a critical process that results in platelets> prometastatic
action [21]. Bone marrow failure and pancytopenia was observed in 7.7%.

In this study, and consistent with previous studies, neuroblastoma was the most
frequent tumor with bone marrow metastasis [13]. Generally, neuroblastoma is the
most prevalent extracranial solid tumor affecting children in Iraq [22]. In a unicenter
retrospective study recoded the prevalence of solid tumors between 2006-2017, 38 out
135 were neuroblastoma [23]. The median age at diagnosis is approximately 18 months
and rarely occur in children older than ten years [24]. This is in agreement with our
findings in which all the patient were under the age of five. Apart of the constitutional
symptoms which was reported by more than a third of our patients, abdominal mass was
the most frequent clinical presentation reported by 57.7% consistent with other studies
[24]. According to the literature, 70% of neuroblastoma patients had metastatic disease at
diagnosis, with the most frequent metastatic locations being the bone, bone marrow, and
liver [13]. Eighty percent of bone marrow involvement in our cohort were metastasized
neuroblastoma, 11 (21.2%) of which were at diagnosis. The occurrence of bone metastases
indicates a poor patient’s outcome [13]. 80% of patient with bone marrow failure in this
cohort had neuroblastoma.

Retinoblastomais the second frequent solid tumor with bone marrow metastasis in our
cohort (7%). A case series study reported 32 cases of retinoblastoma in Children Welfare
Teaching during the period between 1999-2006, half of them had advanced stage [25]
which is higher than what have reported in the literature (10-15%) [24]. Retinoblastoma
is a cancer of the very young; two-thirds are diagnosed before 2 years [24]. In agreement
with that, we found that the mean age of retinoblastoma patient with bone marrow
involvement in our cohort was 6 months. In addition to ocular signs and abdominal mass
which are the main presenting feature of the disease [24], anemia was reported by most
of the patients. None of the patients suffered from bone marrow failure.

Skeletal and extra skeletal Ewing sarcoma constituted 9.2% of our cohort. Patients
were older with an average of around six years, however, this was younger than what
previous studies have observed, which is the second decade of life [26, 27]. In agreement
with other series [24], we found that males were more affected by Ewing sarcoma. Back
pain, extremity weakness, or altered sensation are common presenting features of primary
or metastatic Ewing sarcoma [28]. In this study, beside skeletal involvement, abdominal
or back masses were presenting features in PNET patients. According to several studies,
metastatic diseases are present in 25-30% of patients at first presentation.
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There were 2 (3.1%) rhabdomyosarcomas with bone marrow involvementin our cohort,
both were females although epidemiological studies indicate a slight male predominance
[29]. Rhabdomyosarcoma is the most frequent soft tissue sarcoma of infancy comprising
roughly 4% of pediatric malignant neoplasms that can arise in almost any tissue in the
body [29]. Orbital tumors, which account for 25% of head and neck cancers, often present
as proptosis and occasionally ophthalmoplegia [29]. One of the patients in our cohort has
orbital tumor while the other presented with an abdominal mass. Metastatic disease at
initial diagnosis accounts for 15% to 20% of the patients with rhabdomyosarcoma [30].
The most common sites of distant metastasis are lung, bone marrow, bone, and distant
lymph nodes [31]. Sever bone marrow failure complected one of the cases who was 2.5
years old. A recent study reveals that children with rhabdomyosarcoma and bone marrow
metastases frequently have unusual original locations and numerous metastases, with
initial presentation resembling hematological or other solid tumors [32].

As a single referral center study in a nation with low resources, the study was restricted
by the number of referred patients and the immunohistochemistry panel that is currently
available. A large proportion of the patients were referred form other governorates and
continued their treatments back in their home cities, lack of computerized patients and
death records hindered our ability to follow up them and record the outcome.

B CONCLUSION

Bone marrow metastasis in pediatrics with nonspecific symptoms represent a
diagnosis challenge that can be resolved by bone marrow biopsy. Neuroblastoma was the
most often occurring solid tumor in Iraqi children that metastasized to the bone marrow.
In a small fraction of these individuals, bone marrow failure may develop, although
thrombocytosis may also occur.
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