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Although bone tumors (BT) are relatively uncommon among the human neoplasm, they constitute the most frequent
tumors in children and adolescents (CAA). Little information is available about the epidemiologic features of BT in
CAA. We aimed to present and discuss epidemiological characteristics of BT in CAA in southern Tunisia, regarding
the different histological types. This is a retrospective study including cases of BT in CAA collected in the pathology
department at the Habib Bourguiba university hospital over a period of 15 years (2006- 2020). A total of 266 BT was
diagnosed in our institution (42,7% among all BT in Southern Tunisia) divided into 200 benign bone tumors (BBT)
(75,2%) and 66 malignant bone tumors (MBT) (24,8%). The mean age for all BT was 14,2 years (3-20 years) with male
predominance (sex ratio: 1,48). The most common tumor was osteochondroma (42.2%) followed by osteosarcoma (14.6%)
and Ewing sarcoma (6.4%). For BBT, the most affected age group was the 16 to 20 year - old - group (50,7%) with a male
predominance (59.8%) and a predilection for lower limb (66.8%) then the upper limb (16,8%). Osteochondroma was the
most common histological type (56.5%) followed by aneuvrysmal cyst (8,5%) and osteoid osteoma (6,5%). For MBT, the
mean age was 12,5 years (5-20 years) and the most affected age group was the 11 to 15 year -old -group (59%). Boys were
more affected (60.6%), with a preference for the lower limb (57%) followed by the pelvis (15,6%). Osteosarcoma was the
most common MBT (60%) followed by Ewing sarcoma (24%). Given their rarity and heterogeneity, the diagnosis of BT is
particular in CAA and requires a multidisciplinary approach. The reporting of epidemiological studies remains essential
in order to expand our knowledge regarding these uncommon tumors.
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INTRODUCTION are almost primitive in CAA and are dominated by

osteosarcoma and Ewing sarcoma’.

Although bone tumors (BT) are relatively uncommon
among the wide array of human neoplasms, they
constitute the most frequent tumors in children and
adolescents (CAA)'. They are very heterogeneous and
include a wide variety of clinico-pathological entities?.
Their management requires knowledge of their epide-
miological profile. Most of BT are benign which
account for 85-90% of cases. However, the frequency
of benign BT is likely underestimated because these
lesions are usually asymptomatic®. Osteochondroma is
the most common BBT in CAA*. Malignant BT (MBT)
are rare, representing 10-15% of BT in children and
5% of all pediatric cancers’. However, they are among
the most common malignant tumors at this age and
constitute the third leading cause of death in patients
younger than 20 years®. Unlike those of adults, MBT

Currently, epidemiological data of childhood BT
are still limited in the literature. Therefore, the aim of
our study was to present and discuss epidemiological
characteristics of BT in CAA in southern Tunisia,
regarding the different histological types.

MATERIALS AND METHODS

This is a retrospective study including cases of BT
in CAA collected in the pathology department at the
Habib Bourguiba university hospital, over a period of
15 years from 2006 through 2020. We enrolled in this
study patients aged less than 20 years, with benign or
malignant tumors, confirmed on biopsy samples or
surgical resection specimens.
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The patients ‘age, sex, location and histological type
of the tumor were retrieved.

The included BT were those diagnosed by fulfilling
the 2020 WHO classification of soft tissue and bone
tumors.

Data was collected and entered into a spreadsheet
and analyzed using Excel software. Descriptive statis-
tics was performed to calculate the percentages of
qualitative variables and the mean of quantitative
ones. Age was stratified into various groups of 5-year
intervals.

RESULTS

From atotal of 623 BT reviewed during the study period,
266cases(42,7%)wereseenin CAAand divided into 200
BBT (75.2%) and 66 MBT (24,8%), representing 51,5%
and 23,5% respectively of all BT during this period.
There were 159 boys (59,8%) and 107 girls (40,2%)
with a male-female ratio of 1,48. The mean age at
diagnosis was 14,2 years (3-20 years). The most
affected age group was between 16 and 20 years; 82%
of all patients were over 10 years old. The most common
involved site was the lower limb (65%), upper limb
(15,2%), head (7,1%), pelvis (4,7%), scapula (3,2%),
vertebra (2%), clavicle (1,6%) and rib (1,2%). The
most common histologic type was osteochondroma
(42,2%) followed by osteosarcoma (14,6%) and Ewing
sarcoma (6,4%). Bone metastases accounted for only
0.8% (2 cases) of all BT (Figure 1).
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Figure 1. — Distribution of tumors by histological type.

Benign bone tumors

From a total of 200 BBT, 59,8% occurred in boys
(119 cases) and 40,2% in girls (81 cases) with a mean
age of 14,7 years (3-20 years). The most commonly
affected age group was the 16 to 20 year-old-group
(50,7%); 84% of cases were over the age of 10. Most
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Figure 2. — Anatomical distribution of benign bone tumors.

Table 1. — Distribution of benign bone tumors

‘ Number Rate
Chondrogenic tumors
Osteochondroma 113 56.5%
Chondroma/Enchondroma 10 5%
Chondroblastoma 6 3%
Osteogenic tumors
Osteoid osteoma 13 6.5%
Osteoma 5 2.5%
Osteoblastoma 2 1%
Other tumors
Aneuvrysmal cyst 17 8.5%
Fibrous dysplasia 10 5%
Giant tumor cell 8 4%
Non ossifying fibroma 6 3%
Solitary cyst 4 2%
Ossifying fibroma 3 1.5%
Demoplastic fibroma 3 1.5%
Total 200 100%

of the benign tumors arose in the lower limb (66,8%),
followed the upper limb (16,8%) then head bones
(8,15%) (Figure 2). The most common BBT was
osteochondroma (56,5%) followed by aneurysmal bone
cyst (8,5%) and Osteoid Osteoma (6,5%) (Table I).
The distribution of BBT by age categories revealed
a peak in the 16 to 20-year old-group for most of
histological types (Table II). Aneurysmal bone cyst
was more frequent in the 11- to 15-year age group.
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Table II. — Benign bone tumors according to age categories

[1-5] [6-10] [11-15] [16-20] Total
Chondrogenic tumors
Osteochondroma 4 12 27 70 113
Chondroma/Enchondroma 0 1 4 5 10
Chondroblastoma 0 0 1 5 6
Osteogenic tumors
Osteoid osteoma 1 1 3 8 13
Osteoma 0 1 0 3 5
Osteoblastoma 0 1 1 0 2
Other tumors
Giant cell tumour 1 1 2 4 8
Aneuvrysmal cyst 1 3 7 6 17
Solitary cyst 0 1 1 2 4
Fibrous dysplasia 1 0 3 6 10
Ossifying fibroma 0 0 1 2 3
Non-ossifying fibroma 1 1 2 2 6
Desmoplastic fibroma 1 0 0 2 3
Total 12 23 52 115 200

There were differences noted between sex and
histologic type; male involvement was predominant
in osteochondroma (62%), osteoid osteoma (72,2%),
osteoma (100%), aneurysmal cyst (64,7%), and chon-
droblastoma (83,3%), and was slightly predominant
in desmoplastic fibroma and ossifying fibroma
compared to females. While girls were most affected
in non-ossifying fibroma (83%), fibrous dysplasia
(60%), chondroma (70%), giant cell tumor (62,5%),
osteoblastoma (100%) and solitary bone cyst (75%).

Anatomical distribution of BBT by histologic type is
given in Table III; lower limb was more affected in case
of osteochondroma, osteoid osteoma, giant cell tumor,
anevrysmal cyst, solitary bone cyst, non ossifying
fibroma and chodroblastoma. Chondroma was mainly
seen at the upper limb (70% of cases). Head bones
were mostly affected in osteoma, ossifying fibroma and
desmoplastic fibroma in 60%, 70% and 100% of cases
respectively. The two cases diagnosed as osteoblastoma
were localized in the head bones and lower limb.

Malignant bone tumors

Of 66 patients with MBT, 60,6% (40 cases) occurred
in boys and 39,4% (26 cases) in girls, with a mean age
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Figure 3. — Anatomical distribution of malignant bone tumors.
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Table III. — Anatomical distribution related to diagnosis of benign bone tumors

Lower limb | Upper limb ‘ Head ‘ Vertebra ‘ Pelvis ‘ Clavicle ‘ Scapula ‘ Rib

Chondrogenic tumors

Osteochondroma 77% 14% - 1% 2% - 6% -

Chondroma/Enchondroma 30% 70% - - - - - -

Chondroblastome 84% 16% - - - - - -
Osteogenic tumors

Osteoid osteoma 83% 5,6% 5,8% 5,6% - - - -

Osteoma - - 60% 20% - 20% - -

Osteoblastoma 50% - 50% - - - - -
Other tumors

Giant cell tumor 50% 25% 12,% 12,5% - - - -

Aneuvrysmal cyst 86,% 9% - - - 4,7% - -

Solitary cyst 75% 25% - - - - - -

Fibrous dysplasia 60% - 30% 10% - - - -

Ossifying fibroma 30% - 70% - - - - -

Non Ossifying fibroma 83% - 17% - - - - -

Desmoplastic fibroma - - 100% - - - - -
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Figure 4. — Distribution of benign and malignant bone
tumors in each location.
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of 12,5 years (5-20 years). The most affected age group
was the 11 to 15 year-old-group (59%); 83,3% of cases
were under the age of 15. The most common sites were
lower limb (57%) followed by pelvis (15.6%) and
upper limb (12,5%) (Figure 3). It should be pointed
out that reaching the pelvis, ribs and clavicle suggests
MBT rather than BBT, while the latter predominates
in the lower limb, upper limb, head, scapula, and spine
(Figure 4).

Osteosarcoma was the most frequent MBT, occurring
in 39 cases (60%) followed by Ewing sarcoma (16
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cases; 24%). These two tumors accounted for 83.3%
of all MBT. Langerhans cell histiocytosis was the
third MBT accounting for 6 cases (9%). Primary bone
lymphomas were observed in 3 cases (4%) and were
of type of Hodgkin lymphoma, Burkitt lymphoma and
T-lymphoblastic lymphoma.

The two cases of bone metastases (3%) were
metastasis of medulloblastoma and neuroblastoma, in
a 6-year-old girl and in a 14-year-old boy respectively.

Distribution of MBT according to age categories is
shown in Table I'V. The 11 to 15 year -old -group showed
an increased frequency of histiocytosis, osteosarcoma
and Ewing sarcoma. These last two tumors constituted
61% and 26.8% respectively of all MBT in this age
group.

Boys were significantly more affected than girls in
cases of Ewing sarcoma (68,7%) and Langerhans cell
histiocytosis (100%) and less affected in osteosarcoma
(53,4%) and lymphoma (2/1). For bone metastases,
there was no difference noted between genders.

As shown in Table V, lower limbs were more
significantly affected in osteosarcoma, Ewing sarcoma,
lymphoma and bone metastases in 67.4%, 55%, 66.6%
and 100% of cases, respectively. Histiocytosis occurred
mainly in head bones.
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Table I'V. — Malignant tumors according to age categories

[1-5] [6-10] [11-15] [16-20] Total
Osteosarcoma 0 6 25 8 39
Ewing Sarcoma 2 2 11 1 16
Langerhans cell histiocytosis 1 2 3 0 6
Lymphoma 1 1 1 0 3
Metastases 0 1 1 0 2
Total 4 12 41 9 66
Table V. — Anatomical distribution related to diagnosis of malignant bone tumors
Lower limb Upper limb Head Vertebra Pelvis Clavicle Scapula Rib
Osteosarcoma 67,4 % 12% - - 11% 4,6% - 5%
Ewing sarcoma 55% 13% - 6% 20% 6% - -
Lymphoma 66,6% - 33,3% - - - - -
Histiocytosis 25% - 63% - 12% - - -
Metastases 100% - - - - - -
DISCUSSION BBT have more appendicular than axial involve-

BT are rare and diverse. They occur more commonly
in CAA compared to adults'. BBT are much more
frequent than malignant ones representing 80-95% of
all BT®. They show a higher incidence in males (52 to
66%) with a peak during the second decade'“. Indeed
these lesions are often asymtomatic with late and
incidental discovery®. Some tumors did seem to show
female predilection such as non-ossifying fibroma,
osteoblastoma, aneurysmal cyst, solitary cyst and giant
cell tumor*®’. The most common BBT occurring in
CAA is osteochondroma, representing 10 to 15% of all
BT and 20 to 50% of all BBT®. Osteochondroma is also
the most frequent BBT (56,5%) in our study followed
by aneurysmal bone cyst (8,5%) and Osteoid Osteoma
(6,5%). This is consistent with Van den Berg et al study?,
which obtained 1474 children with BT and found
that Osteochondroma was the most prevalent tumor,
followed by aneurysmal bone cyst. Nevertheless, this
distribution is different with other reports. Senac et al'
showed that solitary cyst was the second most common
lesion (23,9%) following osteochondroma. Ozkan et
al® conducted a retrospective review of 57 patients less
than 18 years of age. Osteochondroma was the most
frequent BBT (54,3%) followed by osteoid osteoma
(15,7%) and fibrous dysplasia (7%). Traoré et al*
reviewed 169 children with BBT and they found that
solitary cyst (17,7%) and aneuvrysmal cyst (14,2%)
are the most prevalent tumors after osteochondroma
(20%).

ment, and they predominate in lower limbs (50 to
62%) followed by the upper limbs (12 to 25%)"-".
On the other hand, chondroma and solitary bone
cyst predominate in the upper limbs*'*. Head bones
represent the preferred location for osteoma as well
as desmoplastic fibroma (70%)". Osteoblastoma pre-
dominates in axial skeleton particularly the spine, in
40% of cases*™. In our study, osteoblastoma were
localized in head bones and lower limbs.

MBT comprise 3 to 5% of all tumors in children
under 14 years of age, while this figure rises to 7%
in those between 15 and 19 years of age'®. They are
usually primitive and are dominated by osteosarcoma
and Ewing sarcoma which represent 90% of all MBT
in CAA". The incidence increases with age until a peak
in late childhood or adolescence ; they rarely present
before age>'s. MBT are most common in males (52 to
75%)'2131 " According to Stiller et al®, incidence rates
were similar for boys and girls throughout childhood
while boy’s incidence was higher in adolescence.

Osteosarcoma represents the most common MBT
in CAA, which constitutes around 40% to 70% '>!61°,
The tumor shows a bimodal age peak, the first one
during the second decade of life and the second one
after the age of 50 years”!. In our study, osteosarcoma
accounted for 60% of MBT with predominance in
patients between 11 and 15 years of age, followed by
Ewing sarcoma (24%) and histiocytosis (9%). These
results are consistent with most of the reports. On
the other hand, the results in Senac et al report'® are
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different than our distribution in which histiocytosis is
the most common MBT among 264 patients in the first
decade of life.

Ewing sarcoma is the second most common MBT
occurring in 20% to 45% of all MBT>'*2!. Tt is frequently
diagnosed in young children and adolescents with a
peak between 5 and 15 years of age®.

Osteosarcoma and Ewing sarcoma have contrasting
skeletal site distributions. The vast majority of osteo-
sarcoma arise in the long bones of lower limbs,
particularly all around the knee (60% of cases)®.
In contrast, Ewing sarcoma predominates in pelvis
followed by lower extremities®!. In our study, lower
limb was the preferred site for both osteosarcoma and
Ewing sarcoma in 67,4% and 55% of cases.

Langerhans cell histiocytosis is quite rare, with an
incidence ranging from 2 to 5 cases/million/year for
children under 15 years of age, and peaks between 5-10
years old**®. Tt occurs mainly in the skull followed by
the spine, limbs, pelvis and ribs in order of frequenc?®.
In our study, histiocytosis was the third most common
MBT (9%) with predominance in patients between 11
and 15 years of age and with a predilection for the head
bones (63%).

Primary bone lymphoma accounts for 3-7% of all
MBT?. Similarly to adults, majority of PBL are non-
Hodgkin lymphomas; diffuse large B cell lymphoma
being the most common (70-80%) and Hodgkin lym-
phoma the rarest®. IT affects mainly adolescent (10-12
years of old) with a predominance for the lower limb
then axial involvement (spine and pelvis)®. Three cases
of PBL were collected in our report, they consisted
with Hodgkin lymphoma, Burkitt lymphoma and
T-lymphoblastic lymphoma with an average age of 8,6
years and with a predominance the lower limb (66,6%).

Bone metastases in CAA are very rare, unlike adults.
The most common metastatic tumor of pediatric
skeleton is by far neuroblastoma'’. It is mainly found
in young children under the age of 5 with predominant
spine involvement (80%)*°. Furthermore, the case of
bone metastasis of neuroblastoma in our report was
diagnosed at the age of 14 at the lower limb.

CONCLUSION

This article is a recent epidemiological study about
BT in CAA over a 15-year span in Southern Tunisia.
Our data was consistent with various studies in the
international literature. On the other hand, other
reports were heterogeneous. Given their rarity and
heterogeneity, the diagnosis of BT is particular and
requires a multidisciplinary approach. The reporting
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of epidemiological studies remains essential in order
to expand our knowledge regarding these uncommon
tumors.

REFERENCES

1. Bencharef O, Fezzazi RE. Prise en charge des tumeurs osseuses
bénignes chez ’enfant Au service d’Orthopédie Traumatologie
Pédiatrique Au Centre Hospitalier Universitaire Mohammed VI
de Marrakech [These]. 2014;3.

2. van den Berg H, Kroon HM, Slaar A, Hogendoorn P. Incidence
of biopsy-proven bone tumors in children: a report based on
the Dutch pathology registration «PALGA». J Pediatr Orthop.
2008;28(1):29-35.

3. Yildiz C, Erler K, Atesalp AS, Basbozkurt M. Benign bone
tumors in children. Current Opinion in Pediatrics. févr
2003;15(1):58-67.

4. Traoré O, Chbani K, Hode AF, Diarra Y, Salam S, Ouzidane L.
Intérét de I’imagerie dans les tumeurs osseuses bénignes chez
I’enfant. Pan Afr Med J.2016; 24: 179.

5. Kaatsch P, Strothotte J, Becker C, Bielack S, Dirksen U, Blettner
M. Pediatric bone tumors in Germany from 1987 to 2011:
incidence rates, time trends and survival. Acta Oncologica. 2
oct 2016;55(9-10):1145-51.

6. Ozkan EA, Goret CC, Ozdemir ZT, Yanik S, Dogan M, Géniiltas
A, et al. Pattern of primary tumors and tumor-like lesions of
bone in children: retrospective survey of biopsy results. Int J
Clin Exp Pathol. 2015;8(9):11543-8.

7. Jackson TM, Bittman M, Granowetter L. Pediatric Malignant
Bone Tumors: A Review and Update on Current Challenges,
and Emerging Drug Targets. Curr Probl Pediatr Adolesc Health
Care. juill 2016;46(7):213-28.

8. Aboulafia AJ, Kennon RE, Jelinek JS. Benign Bone Tumors of
Childhood: Journal of the American Academy of Orthopaedic
Surgeons. nov 1999;7(6):377-88.

9. Lokuhetty D, White V-A, Cree I-A. WHO classification of Soft
tissue and bone tumours. 5th ed. Lyon (France); international
Agency for Research on cancer; 2020.

10. Senac MO, Isaacs H, Gwinn JL. Primary lesions of bone in
the Ist decade of life: retrospective survey of biopsy results.
Radiology. aotit 1986;160(2):491-5.

11. Bashaireh KM, Alorjani M, Jahmani RA, Al Khateeb A, Nimri
F, Al-Ebbini MA, et al. Primary Bone Tumors in North of
Jordan. J Epidemiol Glob Health. mars 2021;11(1):132-6.

12. Abdulkareem F, Eyesan S, Akinde OR, Ezembakwe ME,
Nnodu OE. Pathological study of bone tumours at the National
Orthopaedic Hospital, Lagos, Nigeria. West African Journal of
Medicine. 11 juin 2008;26(4):306-11.

13. Baena-Ocampo LDC, Ramirez-Perez E, Linares-Gonzalez LM,
Delgado-Chavez R. Epidemiology of bone tumors in Mexico
City: retrospective clinicopathologic study of 566 patients at a
referral institution. Ann Diagn Pathol. févr 2009;13(1):16-21.

14. Nazarova NZ, Umarova GSh, Vaiman M, Abba M, Foonberg
M, Mametov K, et al. The distribution of chondromas: Why the
hand? Medical Hypotheses. oct 2020;143:110132.

15. Shah JN, Cohen HL, Choudhri AF, Gupta S, Miller SF.
Pediatric Benign Bone Tumors: What Does the Radiologist
Need to Know?: Pediatric Imaging. RadioGraphics. 1 mai
2017;37(3):1001-2.

16. PetcaR, Gavriliu S, Burnei G. Retrospective clinicopathological
study of malignant bone tumors in children and adolescents in
Romania — single center experience. ] Med Life. 2016;9(2):205-
10.

17. Haimeur S. Les tumeurs osseuses malignes primitives chez
I’enfant: expérience du service de traumatologie pédiatrique.
[thése]. Marrakech; 2014. 207.



18.

19.

20.

21.

22.

23.

Epidemiology of bone tumors in children and adolescents

Eyre R, Feltbower RG, Mubwandarikwa E, Eden TOB,
McNally RJQ. Epidemiology of bone tumours in children and
young adults. Pediatr Blood Cancer. déc 2009;53(6):941-52.
Serlo J, Tarkkanen M, Sampo M, Vettenranta K, Riikonen P,
Helenius I. Incidence, treatment and survival of paediatric
patients with bone sarcomas in Finland from 1991 to 2005.
Acta Paediatr. juill 2015;104(7):738-45.

Stiller CA, Bielack SS, Jundt G, Steliarova-Foucher E. Bone
tumours in European children and adolescents, 1978-1997.
Report from the Automated Childhood Cancer Information
System project. Eur J Cancer. sept 2006;42(13):2124-35.
Fukushima T, Ogura K, Akiyama T, Takeshita K, Kawai A.
Descriptive epidemiology and outcomes of bone sarcomas
in adolescent and young adult patients in Japan. BMC
Musculoskelet Disord. déc 2018;19(1):297.

Journeau P, Dautel G, Lascombes P. Prise en charge chirurgicale
des tumeurs osseuses chez 1’enfant. Annales Francaises
d’Anesthésie et de Réanimation. 1 avr 2006;25(4):432-9.
Jafari F, Javdansirat S, Sanaie S, Naseri A, Shamekh A,
Rostamzadeh D, et al. Osteosarcoma: A comprehensive review
of management and treatment strategies. Ann Diagn Pathol. déc
2020;49:151654.

24.

25.

26.

27.

28.

29.

30.

Jha S-K, De Jesus O. Eosinophilic Granuloma. StatPearls;
2021.1-18

Krooks J, Minkov M, Weatherall AG. Langerhans cell histio-
cytosis in children. Journal of the American Academy of
Dermatology. juin 2018;78(6):1035-44.

Leung AKC, Lam JM, Leong KF. Childhood Langerhans cell
histiocytosis: a disease with many faces. World J Pediatr. déc
2019;15(6):536-45.

Chisholm KM, Ohgami RS, Tan B, Hasserjian RP, Weinberg
OK. Primary lymphoma of bone in the pediatric and young
adult population. Human Pathology. févr 2017;60:1-10.
Siddiqui D-E-A, Akbar HF, Sadiq H, Iftikhar N, Khan MR,
Raza MR. Primary Hodgkin’s Lymphoma of bone in 7-year-
old- an exceptional case report of youngest child in literature.
Cancer Treat Res Commun. 19 aott 2021;29:100448.
Glotzbecker MP, Kersun LS, Choi JK, Wills BP, Schaffer AA,
Dormans JP. Primary non-Hodgkin’s lymphoma of bone in
children. J Bone Joint Surg Am. mars 2006;88(3):583-94.
Cottalorda J, Bourelle S, Vanel O, Berger C, Stéphan JL. Les
tumeurs osseuses rachidiennes chez I’enfant et 1’adolescent.
Archives de Pédiatrie. 1 juill 2005;12(7):1131-8.

309

acta orthopaedica belgica 701212024



