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Summary

Osteosarcoma is the most common primary bone tumour with a peak occurrence in adolescence. The occurrence
of osteosarcoma in preadolescents is rare with a paucity of data in the developing world. Metastasis of
osteosarcoma to the orbit is even a rarer presentation with few cases reported in the literature but to the best of the
researchers’ knowledge, none of the previous cases had contralateral orbital metastasis to osteosarcoma. This is
the first case report of orbital metastasis of osteosarcoma in Nigeria. The present case is presented for its rarity, to
increase awareness and add to knowledge on the possibility of metastasis to contralateral orbit in osteosarcoma.
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Introduction

Osteosarcoma is the most common childhood
primary bone cancer. Il It is derived from
primitive bone-forming mesenchyme. 2 It is a
rare presentation in children with the peak age
of occurrence in adolescents. [l The annual
incidence rate is 5.0/million in children below
nineteen years. [* It is commoner in males than
females. %]

Osteosarcoma occurs mostly in rapidly
growing bones. This accounts for the peak
occurrence in adolescence, a period of growth
spurts. [I The epiphyseal growth plates in the
distal femur and proximal tibia contribute
largely to height in puberty, hence it is a
common site of affectation. [

The aetiology of osteosarcoma is largely
unknown but the possibility of a viral origin
has been suggested. [¢] Other risk factors for
osteosarcoma include exposure to ionizing
radiation and chemicals such as asbestos and
chromium salts. 8] Some of the chromosomal
and genetic risk factors for osteosarcoma
include hereditary retinoblastoma, Paget’s
disease, Bloom syndrome and Li-Fraumeni
syndrome. (10 Like many other tumours,
mutations in tumour suppressor genes like P53
and retinoblastoma (Rb) genes have been
documented as causative factors for
osteosarcoma. [1]

The most common clinical presentation of
osteosarcoma is pain in the affected bone, [11.12]
and the pain is typically worse at night and
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occasionally related to mild trauma. 1 The
commonly affected sites are the distal femur,
proximal tibia and humerus. Rarely, the jaw,
mandible, maxilla and vertebrae may also be
affected. 4 121 Swelling of the affected bones,
limping gait and pathologic fractures are also
commonly seen. [ Fever, weight loss and
night sweats are associated symptoms. [
Metastasis to the lung, which is the commonest
site of systemic metastasis, presents with
pulmonary nodules. [1¥1 Lung metastasis
usually occurs within six months of treatment.
Extra-pulmonary metastases are uncommon
and mostly occur in the pelvis and vertebrae.

Orbital osteosarcoma is rare with few case
reports. [1518 The clinical presentation involves
eye protrusion with associated pain, chemosis
and loss of vision. With orbital metastasis, the
absence of pulmonary metastasis occurs and
this is due to the haematogenous spread of the
disease through Batson's venous plexus. 14 The
commonest primary disease site of previously
reported cases is the tibia while the scapular
was observed as a primary site in a case. [15-18]
With careful search, there has been no previous
report on orbital metastasis of osteosarcoma in
Nigeria.

The investigations required to diagnose
osteosarcoma include a plain radiograph that
shows soft tissue mass, sclerotic and lytic
lesions, sunburst appearance and Codman's
triangle (wedge elevation of periosteum). [191 A
chest radiograph and preferably, a chest
computerized tomography, is required for the
assessment of the lungs for pulmonary
metastasis. [1119 One of the biochemical
markers in osteosarcoma is elevated alkaline
phosphatase. It is also an effective
prognosticating marker. [20]

The intraosseous and extraosseous extent of
involvement, as well as skip lesions, are
identifiable with computerized tomography
(CT) or magnetic resonance imaging (MRI)
scan. The proximity of the tumour to
neurovascular  structures can also be
determined with MRI. The CT of the thorax is

also helpful in establishing metastasis to the
lungs. 11 Radionuclei bone scan can also be
used in the diagnosis and staging of the
tumour. This is useful in detecting metastasis to
the bone. Positron Emission Tomography (PET)
scan is useful in staging and monitoring
progress during treatment. 211 Bone biopsy is an
important definitive investigation required in
making the diagnosis and staging of
osteosarcoma. It characterises the tumour as
either high or low grade. Histologic features
include malignant cells producing osteoid
calcification and atypical spindle cells. [22]

The management of osteosarcoma is
multidisciplinary. It involves input from the
paediatric oncologist, orthopaedic surgeon,
radiologist and pathologist, as the modalities of
treatment include chemotherapy, surgery and
radiotherapy. [ Chemotherapy, as a neo-
adjuvant therapy before surgical intervention
and post-surgery, is usually required.
Commonly used chemotherapeutic agents
include doxorubicin, cisplatin, ifosfamide and
methotrexate. 1] Surgical intervention involves
tumour resection, reconstruction and in some
cases, amputation. [22231 Radiotherapy is useful
for local control of residual tumours following
surgical interventions. [24]

The prognosis of childhood osteosarcoma
depends on the stage of disease at presentation
as metastasised tumours and incompletely
resected tumours have guarded prognosis. %]
Skip lesions and poor response to neoadjuvant
chemotherapy are poor prognosticating factors.
[26] Orbital metastasis of osteosarcoma is rare
and none have been documented with
contralateral primary tumour site metastasis.
This case report is to create awareness and
further add to the knowledge of this rare form
of metastasis.

Case Description

A 7-year-old girl presented at the Department
of Paediatrics, Lagos State University Teaching
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Hospital, Ikeja, Lagos, with right thigh and leg
swelling of five months duration, left eye
swelling of two months duration and weight
loss. The lower limb swelling was preceded by
pain and it progressively increased in size with
associated inability to walk. The protrusion of
the left eye was noticed three months after the
swelling of the leg. The left eye swelling
progressively increased in size, was associated
with purulent bilateral eye discharge and
subsequent loss of vision in the eye. The right
eye was not affected.

There was progressive weight loss, evidenced
by the loosening of previously fitted clothing,
despite adequate food intake. Thereafter, there
was a loss of appetite, occasional vomiting and
generalized body weakness. She was initially
taken to a traditional home where scarification
marks were made on the legs in addition to
herbal medications. At presentation in the
hospital, she was cachectic, in painful distress,
pale, afebrile and had no significant peripheral
lymph node enlargement. There was a total loss
of vision in the left eye. A fusiform swelling of
the lower third of the right thigh and upper
third of the leg was noticed [Figure 1(a)]. The
swelling was bony hard with a shiny surface,
warm to touch and tender. There were
scarification marks with visible peripheral
veins and preserved sensation distal to the
swelling. The child also had a left-sided,
fungating eye mass measuring 8cm by 10cm by
10cm; the eye had areas of necrosis with
mucopurulent discharge and an oedematous
eyelid and loss of vision [Figure 1(b)]. The
initial clinical diagnosis was metastatic left
retinoblastoma with probable right leg
osteosarcoma.

The radiograph of the right lower limb showed
a sunburst appearance around the middle and
distal one-third of the right femur with lytic
lesions in the proximal tibia and fibula [Figure

1(c)]. The chest radiograph showed no lung
metastasis. Other investigations included tissue
biopsy of the lower limb swelling, CT scan of
the brain [Figures 1(d) and 1(e)], and some
blood investigations as shown in Tables I and
II. Histology sections of the right femoral bone
showed malignant spindle to polygonal cells
with peripheral spindling and central bone
formation. They were seen producing osteoid
deposits. Tumour giant cells and occasional
mitosis were also identified. [Figures 1(f) and
1(g)] The diagnosis of periosteal osteosarcoma
was made.

Following the histology of the leg swelling,
chemotherapy was commenced: Doxorubicin
(25mg/m?), (100mg/m?,
ifosfamide (1.8g/m?), etoposide (100mg/m?)
and carboplatin (400mg/m?). She had four
courses of chemotherapy (once in three weeks

cisplatinum

of chemotherapy) but the swellings
progressively increased with more intense
pain. Unfortunately, chemotherapy was
discontinued due to financial constraint.
However, left orbital exenteration was done
and histology showed spindle-shaped cells
infiltrating a fibromyxoid stroma in addition to
single to multinucleated giant cells with
hyperchromatic nuclei and areas of
haemorrhage and osteoid deposits around the
cells [Figure (f)]. Therefore, the diagnosis was
revised to metastatic osteosarcoma of the right
femur. The child received

several transfusions with blood and blood
products, analgesics for pain, antibiotics and
antifungal medications. Prevention of tumour
lysis syndrome was achieved with xanthine
oxidase inhibitor (allopurinol).

There was a response to therapy and palliative
care with pain control but she died after
fourteen weeks of admission from disease
progression with an increase in both orbital and
leg swelling and pancytopaenia.
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Figure 1: Clinico-pathological and radiological parameters of the child
Images: (a) Fusiform swelling of the lower third of the femur and upper third of the leg with visible veins and scarification.

(b) Fungating left eye mass with areas of necrosis and mucopurulent discharge. (c) Sunburst radiographic appearance around
the middle and distal one-third of the right femur with a lytic lesion in the proximal tibia and fibula. (d) & (e) Sagittal and
Coronal skull MRI views showing the extent of the orbital mass. (f) Histology of left orbital mass showing spindle-shaped
cells infiltrating a fibromyxoid stroma with single to multinucleated giant cells having hyperchromatic nuclei. Areas of
haemorrhage and osteoid deposits around cells were also observed (g) Histology sections of the right femoral bone showing
malignant spindle to polygonal cells with peripheral spindling, central bone formation, osteoid deposit production, tumour
giant cells and occasional mitosis.
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Table I: Serial full blood count profile

Full Blood Count 24/12/2017 11/01/2018 08/02/2018  27/02/2018
Haematocrit (%) 25 39.9 33.8 23.0

Total WBC (x 10°L) 0.81 2.95 7.8 0.2
Neutrophil (%) 6.8 60.2 68.7 83
Lymphocyte 914 122 244 9.8
Platelet Count (x10°L) 37 433 356 23

L = Litre; % = Percentage; mmol = Millimole

Table II: Serial serum biochemistry profile

Serum Biochemistry 10/12/2017  08/12/2017 13/1/20  16/01/2018
18

Sodium (mmol/L) 136 127 136 136
Potassium (mmol/L) 22 3.0 6.1 7.0
Bicarbonate (mmol/L) 24 28 20 20
Chloride (mmol/L) 97 87 97 97

Urea (mg/dl) 35 35
Creatinine (nmol/L) 0.7 0.7

Serum Calcium (mmol/L)

1.71

L = Litre; mmol = Millimole, mg/dl= milligram per decilitre

Discussion

Osteosarcoma is the most common malignant
bone tumour but it is rarely seen in
preadolescents. [l Osteosarcoma has bimodal
peaks of occurrence in ten to twenty-four years
and adults above seventy years. Bl Its
occurrence in adolescents has been linked to
growth spurt at that period. 4 The rarity of
osteosarcoma with case reports on subjects
below ten years has been documented in parts
of the world. In Nigeria, in a review of bone
malignancies in an orthopaedic hospital, a case
of osteosarcoma was reported in a seven-year-
old child. ?1In addition, a higher occurrence of
osteosarcoma in males has been previously
documented.*?7.28 This present case, however,
occurred in a girl.

The index case presented at the hospital five
months into the illness. The average duration
before presentation documented in the
literature is three to six months. 21 Late
presentation of malignancies is very common
in Nigeria and as illustrated in the index case,

the delay could be traced to poverty and
ignorance which led to seeking a cure from
traditional practitioners. This is still a major
challenge in Nigeria and other sub-Saharan
Africa and a major contributor to the significant
morbidity and mortality observed in childhood
cancer in this sub-region.

The distal femur was the primary site in the
present case with involvement of the proximal
tibia, which are the actively growing parts of
the bones, especially in adolescents. These sites
are in keeping with documentation in the
literature as the commonly affected sites.
Osteosarcoma is commonly seen at the
metaphyseal ends of long bones. 2 In 75% of
femoral tumours, it affects the distal part, and
80% of tibia affectation is in the proximal
region. [4 The first symptom in the index case
was pain at the tumour site with subsequent
obvious swelling in concordance with existing
literature. [ However, orbital metastasis of
osteosarcoma as observed in the index case is
rare. There are few reports from the middle
eastern part of the world on orbital metastasis
of osteosarcoma. [15181 Some authors have
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reported choroidal and eyelid metastasis. 130 311
The rare presentation of this orbital metastasis
contributed to the initial clinical misdiagnosis
of this index case as retinoblastoma. This was
subsequently considered unlikely because the
eye mass was noticed after the swelling on the
limb. More so, the presence of spindle cells and
osteoid deposits on histology helped with the
confirmation of the disease. Although
osteosarcoma usually metastasizes to the lungs,
no respiratory or radiograph abnormalities
were recorded in the index case. Skip
pulmonary metastasis occurs with orbital
spread. This has been reported in cases earlier
documented except one. [15171832] Non-
pulmonary metastasis of osteosarcoma has
been postulated to occur possibly through
Batson's paravertebral system. [14l Surprisingly,
to the best of these researchers' knowledge,
contralateral left orbit metastasis secondary to
right lower limb osteosarcoma, as observed in
the index case, is not known in the literature. [15-
18321 Baston’s plexus are valveless venous
systems with bi-directional blood flow which
perhaps may account for haematogenous
metastasis to any orbit irrespective of the
primary side. [14]

Chemotherapy as a neo-adjuvant to surgery is
effective. This therapy was commenced in the
index case and she was scheduled for surgery
after twelve weeks of chemotherapy. However,
there was no response to chemotherapy due to
advanced disease stage at presentation as
evidenced by progressive swelling of the eye
and leg as well as pancytopaenia. The outcome
of the disease is known to be poor when there
is metastasis at the initial diagnosis and this
was demonstrated in the index case. [
Palliative radiotherapy could not be explored
in the index case despite its beneficial effects in
symptoms control, due to financial incapability
and inaccessibility to that care. 34

Poor knowledge of cancer and the overbearing
traditional belief system, as seen in the index
case, are factors that contributed to the adverse
outcome in the index case. There is a need for

increased dissemination of information on
paediatric cancers, sources of appropriate care
and need for prompt care-seeking. In addition,
delay in laboratory investigation due to
financial incapability and unavailability of
blood and blood products may have
contributed to the adverse outcome in the index
case. The out-of-pocket health care financing
system mostly practised in Nigeria impacts
negatively on accessibility to quality health
care. The high cost of investigations,
chemotherapeutic medications and
radiotherapy is a contributory factor to poor
outcome and it calls for urgent attention.

Conclusion

Osteosarcoma in preadolescents is rare and
metastasis to the orbit is yet rarer with only a
few reports in the literature. There is a need for
a higher index of clinical suspicion when
children complain of pain on long bones and
early institution of chemotherapy is desirable
for better clinical outcomes.

Authors” Contributions: All the authors jointly
conceived the research idea, provided clinical
management of the case, collected the data, drafted
the manuscript and approved the final version of the
manuscript.

Conflict of Interest: None.

Funding: Self-funded.

Publication History: Submitted 22 March 2021;
Accepted 09 May 2021.

References

1. Marina N, Gebhardt M, Teot L, Gorlick M.
Biology and therapeutic advances for
paediatric osteosarcoma. The Oncologist.
2004; 9: 422-441.

2. Savage SA, Mirabello L. Using
epidemiology and genomics to understand
osteosarcoma etiology. Sarcoma 2011;
2011: 548151.
https:/ /doi.org/10.1155/2011/548151

Annals of Health Research. Volume 7, Issue No 2, 2021 195



https://doi.org/10.1155/2011/548151

Adekunle MO, et al

10.

11.

Whelan J, McTiernan A, Cooper N, Wonk
YK, Francis M, Vernon S, et al. Incidence
and survival of malignant bone sarcomas in
England 1979-2007. Int ] Cancer.2012; 131:
E508-E517.

https:/ /doi.org/10.1002/ijc /26426

Ottaviani G, Jaffe N. The epidemiology of
osteosarcoma. Cancer Treat Res 2009; 152:
3-13. https://doi.org/10.1007/978-1-4419-
0284-9 1

Lee V. Bone tumours in childhood and
adolescence. Paediatr Child Health. 2018;
28(4): 164-168.
https://doi.org/10.1016/i.paed.2018.01.00
4

Engels EA. Cancer risk associated with
receipt of vaccines contaminated within
Simian virus 40: epidemiologic research.
Expert Rev Vaccines 2005; 4: 197-206.
https:/ /doi.org/10.1586/14760584.4.4.2.19
7

Carpenter DO, Bushkin-Bedient S.
Exposure to chemicals and radiations
during childhood and risk of cancer later
in life. ] Adolesc Health 2013; 52: S21-529.
https://doi.org/10.1016/i/jadohealth.201
3.01.027

Tan ML, Choong PFM, Dass CR,
“Osteosarcoma: conventional treatment vs.
gene therapy,” Cancer Biol Ther 2009; 8:
106-

117. https://doi.org/10.4161/cbt.8.2.7385

Rickel K, Fang F, Tao J. Molecular genetic
of osteosarcoma. Bone. 2017; 102: 69-79.
https:/ /doi.org/10.1016/i.bone.2016.10

Gianferanti DM, Mirabello L, Savage SA.
Germline and somatic genetics of
osteosarcoma-connecting aetiology,
biology and therapy. Nat Rev Endocrinol.
2017; 13: 480-491.
https://doi.org/10.1038 /nrendo.2017.16

Pan KL, Chan WH, Chia YY. Initial
symptoms and delayed diagnosis of
osteosarcoma around the knee joint. J
Orthop Surg.2010; 18: 55-57.

12.

13.

14.

15.

16.

17.

18.

19.

https://doi.org/10.1177/230949901001800
112

ElKordy MA, El Barache TS, ElSebai HI,
KhairAlla SM, Amin AAE. Osteosarcoma
of the jaw: challenges in the diagnosis and
treatment. ] Egypt Natl Canc Inst 2018; 30:
7-11.

https:/ /doi.org/10.1016/1.jnci.2018.02.001

Alhubran AH, Griffin A, Pintilie M,
Blackstein M. Osteosarcoma in adolescents
and adults: survival analysis with and
without lung metastases. Ann Oncol 2009;
20: 1136-1141.
https:/ /doi.org/10.1093 /annonc/mdn731

Panikkath R, Radhi S, Lim SY, Thankam M,
Quattromani F, Jumper CA, Metastasis of
lung cancer through Batson’s plexus: very
rare but possible. The Southwest
Respiratory Critical Care Chronicles 2013;
1: 45-49.

https:/ /doi.org/10.12746 / swrccc.v1i4.84

Misra A, Misra S, Chaturvedi A, Srivastava
PK. Osteosarcoma with metastasis to orbit.
Br ] Ophthalmol 2001; 85: 1387-1388.
https://10.1136/bj0.85.11.1384C

Lin P, Chen W, Hsieh Y, Chen WY, Chen T.
Orbital metastatic osteosarcoma. ] Chinese
Med Assoc 2005; 68: 286-289.
https://doi.org/10.1016/s1726-

4901(09)70153-4

Attili SVS, Jain A, Saini KV, Batra U, Babu
KG, Sajeevan KV, et al. Orbital metastasis: a
rare presentation of osteosarcoma. Int
Ophthalmol. 2008; 28: 433-436.
https://doi.org/10.1007/510792-007-9154-
6

Rajabi MT, Jafari H, Hosseini SS, Tabatabaie
SZ, Rajabi MB, Amoli FA. Orbital
metastasis: a rare manifestation of scapular
bone osteosarcoma. ] Ophthalmic Vis Res
2014; 9: 517-519.
https://doi.org/10.4103 /2008-322x.150834

American College of Radiology. ACR
Appropriateness Criteria: primary bone

tumours. https://

Annals of Health Research. Volume 7, Issue No 2, 2021 196



https://doi.org/10.1002/ijc/26426
https://doi.org/10.1007/978-1-4419-0284-9_1
https://doi.org/10.1007/978-1-4419-0284-9_1
https://doi.org/10.1016/j.paed.2018.01.004
https://doi.org/10.1016/j.paed.2018.01.004
https://doi.org/10.1586/14760584.4.4.2.197
https://doi.org/10.1586/14760584.4.4.2.197
https://doi.org/10.1016/j/jadohealth.2013.01.027
https://doi.org/10.1016/j/jadohealth.2013.01.027
https://doi.org/10.4161/cbt.8.2.7385
https://doi.org/10.1016/j.bone.2016.10
https://doi.org/10.1038/nrendo.2017.16
https://doi.org/10.1177/230949901001800112
https://doi.org/10.1177/230949901001800112
https://doi.org/10.1016/j.jnci.2018.02.001
https://doi.org/10.1093/annonc/mdn731
https://doi.org/10.12746/swrccc.v1i4.84
https://10.0.4.112/bjo.85.11.1384C
https://doi.org/10.1016/s1726-4901(09)70153-4
https://doi.org/10.1016/s1726-4901(09)70153-4
https://doi.org/10.1007/s10792-007-9154-6
https://doi.org/10.1007/s10792-007-9154-6
https://doi.org/10.4103/2008-322x.150834

Osteosarcoma with Orbital Metastasis

20.

21.

22.

23.

24.

25.

26.

acsearch.acr.org/docs/69421/Narrative/
Accessed May 2021

Ren HY, Sun LL, Li HY, Ye ZM. Prognostic
significance of serum alkaline phosphatase
level in osteosarcoma: A meta-analysis of
published data. Biomed Res Int 2015; 2015:
160835.

https:/ /doi.org/10.1155/2015/160835

McCarville MB, Christie R, Daw NC, Spunt
SL, Kaste SC. PET/CT in the evaluation of
childhood sarcomas. Am J Roentgenol 2005;
184: 1293-1304.
https:/ /doi.org/10.2214 /ajr.184.4.0184129
3

van der Spuy DJ, Vlok GJ. Osteosarcoma:
Pathology, staging and management. South
Afr Orthopaed J 2009; 8: 69-78.

Tiwari A. Current concepts in surgical
treatment of osteosarcoma. ] Clin Orthop
Trauma 2012; 3: 4-9,
https:/ /doi.org/10.1016/j.jcot.2012.04.004

DeLaney TF, Park L, Goldberg SI, Hug EB,
Liebsch NJ, Munzenriden JE, Suit HD. Int ]
Radiat Oncol Biol Phys 2005; 61; 492-498.
https://doi.org/10.1016/].ijrobp.2004.05.0
51

Meazza C, Scanagatta P. Metastatic
osteosarcoma: A challenging
multidisciplinary treatment. Expert Rev
Anticancer Ther 2016; 16: 543-556.
https://doi.org/10.1586/14737140.2016.11

68697

Kager L, Zoubek A, Kastner U, Kempt-
Bielack B, Potratz J, Kotz R. Skip metastases
in osteosarcoma: experience of the
Cooperative Osteosarcoma Study Group. J
Clin Oncol 2005, 24: 1535-1541.

https:/ /doi.org/10.1200/]CO.2005.04.2978

27.

28.

29.

30.

31.

32.

33.

34.

Adeniran JJ, Samuel EU, Dike OC, Olayinka
SO, Ayokunle O, Nnosu OE, Abdulkarem
FB, et al. Bone malignancies in Orthopaedic
Hospital Igbobi Lagos, Nigeria. Niger
Postgrad Med ] 2014; 21: 66-67.

Kim T, Chung HS, Cho W, Jeon D, Chung
S. Is osteosarcoma between the two peak
ages different? ] Cancer Ther 2018; 9: 64-78.
https:/ /doi.org/10.4236/ict.2018.91008

Parthasarathy A. Bone Tumors. In. Partha’s
Fundamentals of Paediatrics. 2013.
https:/ /books.google.co.za/books/about/
partha_s_fundamentals_of . Accessed 12
October 2018.

Newman NM, DiLoreto DA. Metastasis of
primary osteogenic sarcoma to the eyelid.
Am ] Ophthalmol 1987; 104: 659-660.
https://doi.org/10.1016/0002-

9394(87)90182-6

Lees V. A case of metastatic osteosarcoma
in the choroid. Br J Ophthalmol 1947; 31:
713-16.

Agrawal A. Osteosarcoma metastasis to the
orbit presenting as severe proptosis
following trivial trauma. J Clin Ophth Res
2014; 2: 155-157.
https:/ /doi.org/10.4103 /2320-3897-138862

Salah S, Ahmad R, Sultan I, Yaser S,
Shehadeh A. Osteosarcoma with metastasis
at initial diagnosis: current outcomes and
prognostic factors in the context of a
comprehensive cancer centre. Molecular
Clin Oncol 2014; 2: 811-816.
https://doi.org/10.3892 /mco.2014.325

Schwarz R, Bruland O, Cassoni A,
Schomberg P, Bielack S. The role of
radiotherapy in osteosarcoma. Cancer Treat
Res. 2009; 152: 147-164.
https:/ /doi.org/10.1007 /978-1-4419-0284-
97

ENoIE

This is an Open Access document licensed for distribution under the terms and conditions of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by-nc/4.0). This

original source is adequately cited and credited.

permits unrestricted, non-commercial use, reproduction and distribution in any medium provided the

Annals of Health Research. Volume 7, Issue No 2, 2021 197



https://doi.org/10.1155/2015/160835
https://doi.org/10.2214/ajr.184.4.01841293
https://doi.org/10.2214/ajr.184.4.01841293
https://doi.org/10.1016/j.jcot.2012.04.004
https://doi.org/10.1016/j.ijrobp.2004.05.051
https://doi.org/10.1016/j.ijrobp.2004.05.051
https://doi.org/10.1586/14737140.2016.1168697
https://doi.org/10.1586/14737140.2016.1168697
https://doi.org/10.1200/JCO.2005.04.2978
https://doi.org/10.4236/jct.2018.91008
https://books.google.co.za/books/about/partha_s_fundamentals_of_
https://books.google.co.za/books/about/partha_s_fundamentals_of_
https://doi.org/10.1016/0002-9394(87)90182-6
https://doi.org/10.1016/0002-9394(87)90182-6
https://doi.org/10.4103/2320-3897-138862
https://doi.org/10.3892/mco.2014.325
https://doi.org/10.1007/978-1-4419-0284-9_7
https://doi.org/10.1007/978-1-4419-0284-9_7
http://creativecommons.org/licenses/by-nc/4.0

