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Abstract 

There is limited literature on the topic of paediatric osteosarcoma in South Africa, in 

particular status at presentation to tertiary hospital and five-year survival rates. The objective 

of this study was to evaluate the clinical outcomes of children younger than 18 years of age 

with osteosarcoma at Charlotte Maxeke Johannesburg Academic Hospital (CMJAH), Chris 

Hani Baragwanath Academic Hospital (CHBAH) and Wits Donald Gordon Medical Centre 

(WDGMC), tertiary hospitals in Johannesburg, South Africa, and compare these with similar 

studies in the developing world. This was a retrospective study of 102 children treated at 

CMJAH, CHBAH and WDGMC between 1985 and 2015. Records of children with 

osteosarcoma kept at the three hospitals were reviewed to assess them at the time of 

presentation and the five-year survival rates following treatment. An average of 113.7 days 

(74.2 SD) elapsed before patients presented to hospitals for medical care after the onset of 

symptoms. Conventional osteosarcoma constituted just over 92.2% of the cases. Most 

patients (n = 52, 51%) were at Enneking stage III, 39 (38.2%) were at stage IIB, 10 (9.8%) 

were at stage IIA, and none presented at stage 1A or stage IB. Of all the patients, 17 (16.7%) 

underwent limb salvage surgery (LSS), 33 (32.4%) had amputations, nine (8.9%) had 

disarticulation of either the hip or shoulder, 11 (10.8%) declined surgery and were referred 

for palliative treatment and 18 (17.7%) were not fit for surgery and received palliative care 

only. The treatment given in eleven patients (10.8%) was not recorded. The five-year overall 

survival rate was 42%. There were no significant differences (p > 0.05) in the mean survival 

time between males and females. After surgery, the five-year survival rate was higher 

(p < 0.05) in males (~42%) compared with females (~30%). The children that had limb 

salvage surgery (LSS) had a significantly higher (p < 0.05) five-year overall survival are 

(76% vs 44%) than those children that had their limbs amputated. More than 51% of patients 

in this cohort from three hospitals in Johannesburg presented for medical attention at tertiary 

hospitals after the disease had metastasized. The five-year survival rates from this cohort are 

better than those published in other developing countries but significantly lower than those in 

the developed world. This study highlights the need for ongoing education of the general 

public about the dangers of delayed medical attention. Urgency is required, to facilitate rapid 

tertiary referral, expedite management and potentially improve outcomes. 
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CHAPTER 1 

1 Introduction and literature review 

 

1.1 Background 

There is sparse literature on paediatric osteosarcoma in South Africa (SA) and the available 

data reflects dismal survival rates. There is limited available information on the status of the 

children below the age of 18 years at the presentation to tertiary hospitals as well as the five-year 

survival overall rates. Most of the studies conducted in SA have focused on the mixed samples 

that included both adults and children and as such there is no information specifically on the 

outcomes of paediatric osteosarcoma. In addition, all the existing studies from South Africa 

have small patient numbers, potentially limiting relevance1–4.  

 

Research conducted in most low-income (LIC) and middle-income countries MIC) has 

attributed low survival rates to factors such as smoking, absence of awareness of the 

significance of early screening, stigma associated with cancer and limited financial resources 

that prevent many people from seeking preventive health services and/or care. In SA, the 

same reasons have also been noted as contributing to the poor five-year survival rates in 

several different cancers.  There are enormous discrepancies in survival rates between low-

income and middle-income countries. The estimated case mortalities for the different cancers 

(e.g. breast, cervical, testicular cancer, and acute lymphoblastic leukaemia in children), are 

75% in LIC, 72% in low-middle income incomes countries, 64% in middle-high income 

countries, and 46% in high income countries5. 

 

In this study we aimed to assess the status of the children at presentation and outcome of 

patients over a thirty-year period. The present study intended to document the incidence 

based on year of diagnosis, age at presentation, duration of symptoms, sex, site of metastases, 

level of amputation, site of mass, serum ALP, serum LDH and histologic types were 

examined. And determine the five-year survival rates of patients and assess the numerous 

variables to present additional knowledge in concern of the characteristics of osteosarcoma in 

children from this population.  
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1.2 Literature review 

 

1.2.1 Epidemiology 

 

Osteosarcoma (OS) is the commonest primary cancerous bone tumour with 3.4 new cases per 

million people diagnosed every year worldwide6. OS has a bimodal distribution by age with a 

main peak in adolescence and a smaller peak among the elderly between the six and seventh 

decade of life6. The annual frequency among children and adolescents seems to be relatively 

constant around the world6, and most rates range from 3 - 5 per million men population and 2 

- 4 per million in women6. The incidence of OS may depend on ethnicity7.  

 

Osteosarcoma is an uncommon malignant bone neoplasm, account for 0.2% of all 

malignancies. Even though rare, it is the third most common malignant tumour in 

adolescence. In HIC, five-year survival rates of patients with osteosarcoma in excess of 60% 

are well documented and limb salvage is considered standard-of-care. In a study conducted in 

Norway between 2010 and 2014, in the age group of 1 - 14 years of age, the bone cancers 

currently constituted about 4% of all childhood cancers among males and 3% among females, 

with a cumulative risk of 0.1% of developing bone cancer by the age of 758. The sparse South 

African literature reflects dismal survival rates2–4. 

 

Osteosarcoma is an uncommon cancer that characterise histologically by the production of 

osteoid that are associated with malignant mesenchymal cells9. Despite its scarcity, it has 

been recorded as the third most frequent malignant tumour in adolescence after lymphomas 

and brain tumours10,11 and an annual incidence of 5.6 cases per million children of 15 years 

old or younger10,11. Osteosarcomas account for 0.2% of all malignancies11. Osteosarcoma is 

however rare under five-years of age12 but peak incidences are noted in the children of 10 to 

20 years of age13. It arises occasionally, with few cases related to known hereditary errors in 

cell cycle division control mechanism. The majority of cases, approximately 70%, 

demonstrate a chromosomal irregularity, comprising either mutations in tumour-suppressor 

genes or in DNA helicases14. According to the WHO’s histologic taxonomy of bone tumours, 

osteosarcoma can be divided into three distinct types - Central/medullary is one type. 

Osteosarcoma is actually divided into Primary and Secondary. Primary is divided into 
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Central/medullary, Surface/peripheral, intra-cortical, extra-osseous and multifocal – each 

with subgroups15.  

1.2.2 Central 

a. Conventional osteosarcoma 

Conventional osteosarcoma is the most frequent type of osteosarcoma and account for 80% 

of all OS cases mostly affecting adolescents. Conventional osteosarcoma has three variants 

that are the osteoblastic, chondroblastic, and fibroblastic subtypes noticed by the principal 

characteristic of the cells. The clinical consequences among the three mentioned variations 

are similar15. OS is usually high grade and arises from the intramedullary cavity. When 

observing the X - Rays for osteosarcoma, it can be seen as either being osteolytic, 

osteoblastic, or both patterns. The majority of OSs (80%) arise from the metaphyseal area of 

the long bones, nevertheless OS has been reported to originate from the diaphysis of long 

bones or from the axial skeleton16.  

 

b. Telangiectatic osteosarcoma  

Telangiectatic osteosarcoma (TOS) constitutes on average about 4% of all osteosarcoma 

cases17. Histologically, it is identified by enlarged blood-filled cavities. High-grade 

sarcomatous cells on the septae and border illustrate the presence of TOS. On the 

radiographs, TOS is metaphyseal lesion, characterise physically with bone loss and a wide 

area of transition. Moth-eaten or permeative obliteration is noteable18.  

 

c. Small-cell osteosarcoma  

The small-cell osteosarcoma (SOS) contributes on average between one to two percent of all 

osteosarcoma cases. The histological characteristic of SOS demonstrate small cells that have 

circular hypochromatic nuclei with minimal nuclear polymorphism which is similar to 

Ewing’s sarcoma19. Even though the formation of osteoid by tumour cells proves 

osteosarcoma, this is not a nature character of Ewing’s sarcoma20. A destructive action with 

lytic zones and sclerosis is noted on the radiographs19. 
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1.2.3 Surface 

 

a. Parosteal osteosarcoma 

Parosteal osteosarcoma (PAOS) is a low-grade osteosarcoma which derives from the bone 

periosteum. PAOS accounts for about 4 - 6% of osteosarcoma and usually arise from the 

posterior surface of the distal femur but can originate in the proximal end of the humerus and 

proximal metaphysis of the tibia21. Radiological examination shows compactly ossified and 

lobulated masses, however the medullary canal is spared22. On the histological examination, 

PAOS shows spate of bone trabeculae which display a great side-by-side alignment, 

comparable to what could be identified in a periosteal new bone reaction20. 

 

b. Periosteal osteosarcoma 

Periosteal OS (PIOS) has a medium element which is mostly cartilaginous in composition 

and rare compared to the parosteal OS. PIOS arises between the cortex and the cambium 

sheet of the periosteum, and as such a periosteal reaction is typically noticeable on 

radiographs23. Histologically, PIOS appears as an intermediate-grade tumour, enclosing a 

cartilaginous medium with zones of calcification20. 

 

c. High-grade surface osteosarcoma 

High-grade surface OS (HGSOS) accounts for less than 1% of the entire cases of 

osteosarcoma17 and appears as a high-grade histological appearance surface lesion24. The 

local expansion is enhanced in HGSOS compared to PAOS. The HGSOS carry similar 

malignant potentiality as the conventional subtype, and to certain extent localised invasion of 

the bone cortex and the endosteum is observed20. On the radiographs, HGSOS reveals a 

surface lesion with partial mineralisation, and the tumour that spreads to adjoining soft 

tissues25. 
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1.2.4 Diagnosis  

 

The characteristic symptoms at first clinical presentation are a history of localised bone pain 

followed by a palpable mass (or swelling) and limitations of joint movement26. The first 

symptoms are normally associated with a recent traumatic event, and this is the major reason 

the patients’ attention is drawn to the body part affected by injury26. The disease might also 

present with a pathological fracture, either spontaneously or after a minor trauma27. 

 

There is divergent histologic differentiation in osteosarcoma that necessitates that a triple 

diagnostic approach be implemented in all suspected osteosarcoma cases. Definitive 

diagnosis requires histological examination of suspected tumour material, preferably by open 

biopsy28 and then magnetic resonance imaging (MRI) and X-Rays29. Both X-Rays in two 

planes and MRI are normally conducted prior to a biopsy to determine the tumour’s 

intramedullary and soft tissue extension and its relationship to vessels and nerves29. Patients 

with radiological findings suggesting the presence of osteosarcoma must be referred to a 

tertiary hospital prior to taking a biopsy, as a wrong diagnostic procedure can permanently 

compromise any chance for limb-salvage or even a cure28. The area evaluated by MRI should 

comprise the entire affected bone, including the neighbouring joint in order not to miss skip 

lesions30, that is, intramedullary tumour foci without direct connection to the primary tumour. 

To exclude metastatic disease at the time of diagnosis, staging should include chest X-rays, 

Computed Tomography (CT) scanning of at least the thorax and a radionuclide bone scan29. 

In addition, F-18 FDG3 PET/CT has been shown to be a useful method in evaluating bone 

tumours during initial staging and for monitoring therapeutic response31. 

 

When a bone lesion is suspected and as a plan for surgery and further management a standard 

radiographic protocol is adopted, that involves obtaining a minimum of standard orthogonal 

X-ray planes of the entire bone and the neighbouring joint. The radiographs display an 

unclear lesion originating from the metaphyseal area of the bone, with osteoblastic and/or 

osteolytic zones, periosteal reaction, and a soft tissue mass32. 
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1.2.5 Staging 

The Musculoskeletal Tumour Society staging scheme, also recognised as the Enneking 

staging system is the staging classification used in OS33 (see Table 1.1). This system based on 

either the tumour is low grade (I) or high grade (II), either the tumour is intra or extra-

compartmental (A or B), and either there is metastatic disease or not(III)33. Stage IA means a 

low-grade tumour which is intra-compartmental, IB represents a low-grade tumour that is 

extra-compartmental, stage IIA is when there is intra-compartmental high-grade tumour, and 

IIB means an extra-compartmental high-grade tumour. If there is any metastasis, the tumour 

is classified as stage III category33. Most frequently, osteosarcoma patients are diagnosed at 

stage IIB34. 

 

Table 1.1: Enneking Stages 

Stage Site Grade Metastasis 

1A Intercompartmental Low No 

1B Extracompartmental Low No 

IIA Intercompartmental High No 

IIB Extracompartmental High No 

III Any Any Regional or Distant 

 

1.2.6 Pathogenesis 

1.2.6.1 Metastases 

The most frequent site of metastases in children with osteosarcoma is in the lungs with bone 

being the second most common site16. However, these patients with lung metastases are 

managed with the same treatment approaches as the cases with localised tumour35. Therefore, 

removal of pulmonary metastases remains an essential and effective adjunct to multiagent 

chemotherapy35. Surgical resection is considered an option if all lung nodules can be removed 

and the remaining  amount of pulmonary tissue can adequately maintain pulmonary 

function36. Repeated metastasis excisions are acceptable for patients with resectable lung 

metastases37. The impact of surgery for other locations of metastases is not well established, 

but surgical resection appears to be the treatment of choice if a complete removal of all 

lesions is feasible38,39.  
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1.2.6.2 Five-year survival rates 

The five-year survival rate in many countries has increased in the last 30 years from 10% to 

70%40. Pakos et al.11 reported a five-year overall survival of 52% among the 2 680 patients 

that were included in an international multicentre study. Damron41 et al. reviewed 8 104 

osteosarcoma patients in the USA National Cancer Data Base, and found a five-year survival 

rate of 53.9% which remained relatively constant over an 18 year period (1985 to 2003). In 

contrast the five-year survival rate has been  very low in the few studies conducted in South 

African children with the five-year overall survival ranging from 7.5% to 50%3,4,42. 

 

1.2.7 Treatment  

1.2.7.1 Current therapeutic strategies – LSS and Amputation 

The current management of OS includes neoadjuvant and adjuvant chemotherapy, and 

surgery43. The difference between neoadjuvant and adjuvant chemotherapy is that 

neoadjuvant chemotherapy refers to treatment given as the initial step to decrease the tumour 

size before embarking on the main treatment, normally which is surgery while adjuvant 

chemotherapy is additional cancer treatment that is given after the initial treatment to 

decrease the risk of a recurrence of the tumour. 

 

a. Surgical treatment 

Limb salvage and amputation are the two surgical options currently used to completely resect 

the disease through wide excision of the tumour44.  

 

b. Limb salvage 

Limb salvage surgical techniques are known to offer a safe system of treatment for 85 – 90% 

of patients with osteosarcoma in HIC45. Resection and reconstruction are the two 

fundamental steps of limb salvage. Resection is critical in the eradication of the disease and 

includes surgical removal of the site and tracts of the previous biopsy with a minimum of two 

cm margin. The main vessels in the surgical field need to be recognised first then ligated 

when necessary. Before surgery, the radiological examination, for instance, CT and bone 
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scan, ought to be utilised to decide on the required amount of bone to be removed and should 

be about six to seven centimetre distal to the lesion to establish clear margins46. Tumour 

resection surgery in skeletally immature patients may result in the destruction of the physis 

which might lead to growth disturbances. Previously, the situation of the tumour in the physis 

was a contraindication for LSS and an indication to amputate. Nowadays, the management 

involves wide resection of the affected bone and reconstruction with expandable growth 

endoprostheses and allograft endoprosthetic composites47. Resections around joints are 

difficult, and joint contamination precludes LSS, necessitating an amputation. Reconstruction 

is the next step in limb salvage. Of note that non-weight-bearing bones, for example the 

clavicle or proximal fibula, do not necessitate reconstruction, because resecting these bones 

alone does not have effect on the functionality48. When reconstruction is utilised in weight-

bearing bones, it can be either an endoprosthetic replacement or biological reconstruction. 

 

A number of  studies argue that LSS provides a better daily functioning compared to 

amputation and has superior survival rates post surgery49. A new surgical treatment 

incorporates osteointegration implants to the treatment of the amputees to increase 

functionality. Rotationplasty comprises of resection of the distal femur, then turning the distal 

part by 180° as consequence the ankle joint is converted into a ‘‘knee’’ joint50, with the 

gastrocnemius and soleus plantar flexors becoming ‘‘knee’’ extensors50. Rotationplasty has 

demonstrated satisfying functional and rehabilitative outcome, specifically in children and 

active adults50. However, in rare circumstances in some patients it causes psychological 

problems and there is a risk of the reconstruction derotating51. 

 

c. Amputation 

The amputation was once regarded as a classic surgical treatment of osteosarcoma, but it is 

now restricted to the non-resectable tumours with soft tissue and neuromuscular 

contamination not amenable to limb salvage surgery.  

 

1.2.7.2 Comparison of Limb Salvage Surgery and Amputation 

The functional results and the quality of life for patients who had Limb Salvage Surgery 

(LSS) versus amputation does not differ in a number of international studies52 in terms of 

psychosocial outcomes or of achievements in marriage and employment40. Cancer survivors 
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are at high risk of psychological and behavioural problems, for which they need long term, 

follow up53. In comparison to the healthy population, the survival group complained of severe 

physical and functional impairment54. Patients with LSS had higher local recurrence rates 

than the amputees in a study by Gaston55. 

 

Previous studies documented slightly higher recurrence rates with LSS than amputation, 

nevertheless the overall survival rate of patients who had disease recurrences was 

comparable56. Other studies have shown that survival rates are greater with LSS in 

comparison to amputation. In 2001, Ferrari et al. reported an eight-year-survival rate of 62% 

patients that underwent LSS, in contrast to 43% who opted for limb amputation57. 

Endoprosthetic replacement in tumour surgery led to better quality of life. Lang et al. 

conducted a retrospective study to analyse the sporting capabilities in 27 patients presented 

with osteosarcoma who had LSS in form of modular endoprostheses58. Their study reported 

that, in the five years after the surgery, the same number of patients who had previously 

participated in sports played sports after being operated on. They inferred that patients might 

again attain significant achievement of performance in sports after a modular endoprosthesis, 

and the likelihood to accomplish that was dependent on the activity before the surgery rather 

than the procedure and implant itself58. The majority of patients from recent studies prefer 

limb salvage surgery for treatment of malignant sarcomas59. 

 

1.2.7.3 Non-surgical treatment 

Non-surgical treatment that has been developed over time to treat osteosarcoma includes 

chemotherapy and radiation. 

 

1.2.7.3.1 Chemotherapy  

Before chemotherapy was introduced in the 1970’s for treating osteosarcoma, survival rates 

were dismal. Neither chemotherapy nor surgery alone can effectively treat osteosarcoma; as 

such a combination of them is usually required60. The typical treatment of osteosarcoma 

includes neoadjuvant chemotherapy, surgery, and adjuvant chemotherapy. The neoadjuvant 

chemotherapy, was presented in 197861,  and can lead to tumour necrosis in the primary 

tumour, facilitate surgical resection, and destroy micrometastases62.  
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Adjuvant chemotherapy regime must be chosen according to the extent of tumour necrosis 

resulted from neoadjuvant chemotherapy. The combination chemotherapy regime used in 

patients in this study consisted of methotrexate (cumulative dose 96 mg/m2), doxorubicin 

(350 mg/m2), cisplatin (360 mg/m2) and ifosfamide (5400 mg/m2). The four chemotherapy 

agents (with mode of action) which included in almost all therapy protocols are methotrexate 

with leucovorin rescue, cisplatin, doxorubicin, and ifosfamide and are listed in the Table 1.2 

below. 

 

 

 

Table 1.2: The chemotherapy drugs and their mode of action62 

 

Agent  Mechanism of action 

Doxorubicin  Doxorubicin intercalates at point of uncoiling of the DNA double helix and 

inhibits the synthesis of DNA and RNA 

Cisplatin  Cisplatin binding to tumour DNA, inhibits the DNA synthesis via the DNA 

crosslinks 

Methotrexate  Methotrexate is a folate antimetabolite and inhibits the synthesis of purine and 

thymidylic acid by binding dihydrofolate reductase 

Isosfamide  Isosfamide causes crosslinking of DNA strands which inhibits the synthesis 

of DNA and protein. 

 

The present typical regime for multi-agent chemotherapy (MAP) compose of cisplatin, 

doxorubicin and high-dose methotrexate (MTX) with leucovorin-rescue, ±ifosfamide29 (see 

Table above), that provides nearly 70% overall survival for patients with primary 

osteosarcoma63. Undeniably, doxorubicin and methotrexate have been successful used as 

chemotherapy drugs in patients with localised osteosarcoma64. Furthermore, adding cisplatin 

and ifosfamide to doxorubicin and MTX promoted the clinical outcomes of OS treatment65. A 

meta-analysis validated that multi-agent protocols comprising of MAP ± ifosfamide have 

superior outcomes than two-drug protocols, when there was no significant difference between 

MAP and MAP with ifosfamide66. By comparison, other chemotherapy drugs for instance 

bleomycin, vincristine, and dactinomycin were noted to be ineffective67. 
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1.2.7.3.2 Radiation  

Radiotherapy has a questionable role in the treatment of OS because of its doubtful efficacy 

and linked risk of infection. Radiation has been popularised in Japan where it is being used as 

a complement to low-cost reconstructive modality. A 2013 study retrospectively evaluated 

101 patients with sarcomas (37 of whom had OS) following the treatment with extracorporeal 

irradiation (ECI) and none of osteosarcoma patients presented with recurrence. The ECI 

includes En bloc excision of the lesion, treatment of each resected bone fragment with 50 Gy 

radiation, and final replantation of the bone. Hong et al. started promoting ECI as an 

inexpensive treatment efficient at preventing disease recurrence and carried a low risk of 

infection68. 

 

1.2.8 Prognosis and prognostic factors 

The prognostic factors for high-grade OS are well known35, and the most commonly cited 

ones are mentioned below 41, 765, 76, 77, 78, 79, 80: 

(a) Age, 

(b) Sex. 

(c) Tumour sites and 

(d) Surgical resection margin. 

 

1.3 Study Aim and Objectives 

The aim of the study was to assess the status of the children at presentation and outcome of 

patients over a thirty-year period and to document the incidence based on age at presentation, 

duration of symptoms, sex, site of metastases, level of amputation, site of mass, serum ALP, 

serum LDH and histologic types.  

The objectives of this study are:  

• To identify the overall five-years survival rate as well as the five-year survival rate for 

patients who had amputation and those who had limb salvage surgery (LSS).  

• To estimate the overall recurrence rate as well as the recurrence rate for patients who 

had amputation and those who had LSS.  

• To document the level of amputation vs LSS.   
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CHAPTER 2 

2 Methodology 

 

2.1 Research Questions 

1. What is the five-year survival rate for children in the clinics presenting with OS? 

2. What is the recurrence rate of OS in this population (children below 18 years)? 

3. What level of amputation was performed in the children who had amputation? 

  

2.2 Research Design 

This was a retrospective cohort study using secondary data from medical records and follow 

up care in outpatient clinic or home visit treated in Chris Hani Baragwanath Academic 

Hospital (CHBAH), Charlotte Maxeke Johannesburg Academic Hospital (CMJAH) and Wits 

Donald Gordon Medical Centre (WDGMC), from 1985 to 2015.  There are two state 

hospitals (CHBAH and CMJAH) and one private hospital (WDGMC), in an urban setting and 

all being referral hospitals with multidisciplinary teams.  

 

2.3 Materials and Methods 

Records of the patients who fell within the duration of symptoms were measured in months. 

Duration of symptoms or time to presentation was gathered and calculated from the history 

which was taken from the patient, patient’s parents or the care giver that was documented in 

each patient’s file. Types of patient management procedures were divided into operative 

(LSS or amputation or both), chemotherapy only, and declined treatment. Local recurrence 

was detected by physical, radiologic, and histopathology examinations. Metastasis was 

detected by chest X-ray, computed tomography (CT) scan, and/or bone scintigraphy. 

Osteosarcoma patients who did not complete the profile data and the follow up of their 

condition were excluded.  
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2.4 Sample 

2.4.1 Inclusion criterion  

 

1. All patients diagnosed with osteosarcoma below the age of 18 years, from January 

1985 to December 2015 at CHBAH, CMJAH and WDGMC.  

 

2.4.2 Exclusion criteria  

1. Patients with markedly incomplete or missing data  

2. Patients older than 18 years on the date of presentation  

 

2.5 Data Collection 

Files of children diagnosed with osteosarcoma between January 1985 to December 2015 were 

retrospectively reviewed and analysed for age at presentation, sex, presenting complaint, 

duration of symptoms, site of mass, histological type of tumour, tumour stage, type of 

treatment and duration of survival at last follow-up. For each patient, the following factors 

were analysed in relation to survival: sex, age, time to presentation, Enneking classification at 

presentation, levels of alkaline phosphatase (ALP) and lactate dehydrogenase (LDH), type of 

surgery and level of amputation. We evaluated the presence of local recurrence, metastasis 

and survival after treatment. 

 

2.6 Data Analysis 

Relevant medical data for the 102 children were obtained from medical records, using a 

defined protocol, and captured in a database (Excel 2013, Windows software) and then 

imported into Statistical Program for Social Sciences (SPSS) (SPSS) (IBM SPSS Statistics 

for Windows, Version 23.0., IBM Corporation Armonk, NY, USA) which was used for 

statistical analysis. Descriptive analysis was performed using means, medians and 

percentages. The simple frequencies of all the studied variables were computed. The 

accumulated survival chances were determined using the Kaplan-Meier technique. 

Multivariate analysis was performed using the logistic regression technique, with the Cox 

proportional hazards model. Statistical significance was defined as p < 0.05. The results are 

presented as mean plus the 95% Confidence Interval (CI). 
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 CHAPTER 3  

3 Results 

 

There were 102 children (55 females and 47 males) under the age of 18 years diagnosed with 

osteosarcomas in the three hospitals CHBAH, CMJAH and WDGMC between 1985 and 

2015 that were included in the study (see Table 3.1).  

 

Table 3.1: Characteristics of osteosarcoma in children below the age of 18 years, diagnosed 

with osteosarcoma from January 1985 to December 2015 at CHBAH, CMJAH and WDGMC 

 

Variable Frequency (n) Deaths Survival Unknown 

Cases of osteosarcoma 102 54 (52.9%) 28 (27.5%) 20 (19.6%) 

Sex     

Female  55 (53.9%) 31 (56.4%) 14 (25.5%) 10 (18.2%) 

Male  47 (46.1%) 23 (48.9%) 14 (29.8%) 10 (21.3%) 

 

The mean age of the children at diagnosis was 147.8 months ± 38.9 SD (median 156 months). 

The diagnosis was confirmed by histology in all cases.  

 

3.1 Time to presentation 

 

The mean duration of symptoms at presentation was 113.7 days (74.2 SD) with a median of 

90 days (95% CI: 60 to 150). Females presented with symptoms at a much earlier age (p < 

0.001) of 106.5 ± 63.2 months (95% CI: 132.4 to 152.4) with males presenting at 122.3 ± 

83.4 months (95% CI: 143.1 to 166.0).  
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3.2 ALP and LDH 

 

ALP and LDH were determined in 82 cases. ALP was high in 72/82 cases (87.8%) and LDH 

was high in 58/82 cases (70.7%). Only 1/82 cases (1.2%) had normal ALP and 4/82 cases 

(4.9%) had normal LDH. ALP levels were not documented in 9/82 (11.0%) and LDH was not 

documented in the 20/82 (24.4%) of cases respectively. 

 

Table 3.2 below shows the distribution of cases across the different Enneking stages. Most 

cases presented in stage IIB (38.2%) and III (51%) and only 9.8% of the cases presented to 

the hospital at earlier stages (IIA) and none of the children presented at stage I. 

 

Table 3.2: Prevalence of osteosarcoma in children below the age of 18 years according to the 

Enneking stage at presentation 

 

Enneking classification Frequency (n) Percent (%) 

1A 0 0 

1B 0 0 

IIA 10 9.8 

IIB 39 38.2 

III 52 51.0 

Undocumented 1 1.0 

TOTAL 102 100 

 

 

Conventional osteosarcoma was the most common histological diagnosis and was found in 

94/102 children (92.2%); these were histologically subdivided into 74 osteoblastic (72.5%), 

16 chondroblastic (15.7%), four fibroblastic (3.9%). Non-conventional osteosarcoma 

(telangiectatic) constituted 6/102 cases (5.9%), and two surface osteosarcoma cases (one 

parosteal (1.0%) and one periosteal (1.0%)) were recorded. 

 

At presentation, 52 out of 102 (51.0%) patients had tumours that had metastasised (see Table 

3.3). Pulmonary metastases were most common (42/52, 80.89%) while 5/52 (9.6%) had 

concurrent bony metastases and 5/52 (9.6%) had both bone and lung metastases. Forty-nine 
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children (48.0%) had localised osteosarcoma. The presence of metastases was not known in 

one child. 

 

Table 3.3: Proportion of children with tumours that had metastases 

 

Metastases Frequency (n) Percent (%) 

Lungs 42 41.2 

Bones 5 4.9 

Lungs/Bones 5 4.9 

Localised 49 48.0 

Undocumented 1 1.0 

Total 102 100.0 

 

Of those that had lung metastases (n = 42), 26 had amputations; four had LSS while 10 either 

declined surgery or had none (palliative treatment). The treatment of five patients was not 

documented. 

 

3.3 Common sites 

 

Figure 3.1 shows the distribution of cases. Most cases (84/102 – 82.3%) were reported in the 

lower limb with cases in the upper limb accounting for only 17/102 cases (16. 7%). The site 

of one case (1.0%) was not documented. In the lower limb, the metaphyseal location was the 

most common anatomic site with 41/102 (40.2%) cases being reported in the distal femur, 

3/102 (2.9%) in proximal femur, 34/102 (33.3%) cases reported in the tibia and 6/102 (5.9%) 

cases had OS in both the proximal tibia and distal femur. All the upper limb OS cases, 17/102 

(16.7%), were reported in the humerus.  

 

 

 

 

 

 

 



 

17 

 

 

 

  

 

 

 

 

Figure 3.1: Percentage distribution of cases on the proximal and distal parts of the long 

bones among the 102 children in the study  

 

 

Proximal tibia/distal femur 6 (5.9%) 

Proximal tibia 29 (28.4%) 

Distal femur 41 (40.2%) 

Distal humerus 1 (1.0%) 

Proximal humerus 15 (14.7%) 

Mid-shaft humerus 1 (1.0%) 

Proximal femur 3 (2.9%) 

 Distal tibia 5 (4.9%) 

NB: 1/102 case (1.0%) had site 

of mass which was not recorded 
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Table 3.4 shows the proportion of children whose limbs were amputated at different 

positions. Amputation above the knee was the most common procedure with 30 cases 

(29.41%) followed by limb salvage surgery in 17 cases (16.7%). 23.6% (n = 13) of the 

children who had limb amputation ended up being palliated while 11.8% (n = 2) of the 

children who underwent LSS were eventually palliated. 

 

Table 3.4: Proportion of the level of amputation amongst the children that were included in 

the study 

 

Level of amputation Frequency (n) Percent (%) 

Above elbow amputation 1 1.0 

Above knee amputation 30 29.4 

Below knee amputation 2 2.0 

Disarticulation hip 7 6.9 

Disarticulation shoulder 2 2.0 

Limb salvage surgery 17  16. 7 

Palliative therapy 18 17.7 

Declined surgery, palliative therapy 11 10.8 

Treatment abandonment 3 2.9 

Undocumented 11 10.8 

Total 102 100.00 

 

3.4 Relapse  

 

Table 3.5 shows the proportion of children that received different procedures and the 

numbers/frequencies that either became palliated or relapsed by means of either local 

recurrence or metastasis after a period of complete remission. There was no statistically 

significant (p > 0.05) higher chance of relapse in the children that were amputated compared 

to those who had limb salvage surgery. 
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Table 3.5: Frequency and percentages of type of surgery carried out on the children and the 

proportion that relapsed 

 

 Type of surgery performed  

 Amputation LSS unknown None Total 

Number 42 (41.2) 17 (16.7%) 11(10.8%) 32 (31.4%) 102 (100.0%) 

Relapsed 10 (23.8%) 3 (17.6%)   13 (22.1%) 

 

3.5 Overall survival 

The survival rate was calculated on a smaller number of records as 34 records were excluded 

owing to insufficient data (no actual dates when deaths occurred were recorded). As such 

only 68 patients were used in the calculations (see Figure 3.2). Five-year survival rate was 

defined as the number of patients with osteosarcoma who were living five-years after 

diagnosis. 

 

Figure 3.2 shows the survival rates for the 68 cases. The five-year overall survival rate for all 

the children with osteosarcomas in the three hospitals was 42% (n = 29) (95% CI 47 to 69) 

and 10-year survival for the entire group was 40% (n = 27) (95% CI: 10-148).  
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Figure 3.2: Kaplan-Meier plot showing the overall survival of the 68 patients that had 

complete records for multicentre osteosarcoma study 

 

In this report, the mean and median were both used because the data was skewed. The median 

overall survival was 33 months (95% CI 19 to 48).  

 

There was a statistically significant difference (p < 0.001) between those that had surgery and 

those that did not have surgery in terms of overall survival. Patients who underwent surgery 

had a higher median survival time of 67 months while those that did not have surgery had a 

median of two months (95% CI: 0 to 5.3). The subgroup analysis showed that survival for 

patients who had limb salvage surgery (LSS) was higher than in the patients that had 

amputations which was (74% vs 44%) as shown in the Figure 3.3. Most of the patients that 

opted for LSS fell in stage II (13 patients) and III (4 patients). 
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Figure 3.3: Kaplan-Meier plot survival of the children that received two types of surgery 

showing the higher overall survival in the LSS patients (dotted line) compared with patients 

who had an amputation (unbroken line). [KEY: LSS (dotted line); Amputation (unbroken 

line); Unknown (vertical line); None (purple line)] 

 

There was a statistically significant difference (p < 0.001) in survival between the methods 

used whether it was limb amputation or limb salvage. Limb salvage surgery resulted in a 

higher mean survival time of 195 months (95% CI: 144 to 246) compared to the children that 

had amputations having a mean survival time of 101 months (95% CI: 71 to 132). The 

children who did not receive surgery had the shortest survival time of between 2 - 4 months.  

 

3.6 Sex  

 

Sex-associated differences revealed that there were no statistically significant differences 

between female and male children in them developing osteosarcoma although more female 

children (53.9%) had osteosarcoma compared to male children (46.1%). There was no 

statistically significant difference (p > 0.615) in survival between the female and male 
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patients. The females had a median of 33 months (95% CI: 0 to 77) while males had a median 

of 34 months (95% CI: 22 to 46). The five-year survival rate was higher (p < 0.05) in males 

(~42%) than in females (~30%) post-surgery (see Figure 3.4) 

 

 

Figure 3.4: Kaplan-Meier plot showing the overall survival of the 68 patients that had 

complete records for multicentre osteosarcoma study. [KEY: Female (solid line); Male 

(dotted line)] 

 

3.7 Site of metastases 

 

There was a statistically significant difference (p < 0.001) in the survival time of the children 

that had metastases either in the lungs, bones or both lungs and bones compared to those that 

did not. Children who did not have metastases (n = 49) had a longer mean survival time of 

181 months (95% CI: 137 to 225) while those that had lung metastases (n = 42) had a mean 

survival time of 40 months (95% CI: 21 to 58); those with bone metastases (n = 5) had a 

mean of 12 months (95% CI: 0 to 27) and those that had both bone and lung metastases (n = 
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5) had the lowest mean survival time of two months (95% CI: 1 to 4). Those with no 

metastases detected had a higher five-year survival rate of 76%; those with lung metastases 

had a five-year survival rate of 16%, while those with bone metastases had a median survival 

time of 3.8 months (95% CI: 0.0 – 15.2) and those with both lung and bone metastases had a 

median survival time of 1.3 months (95% CI: 0.0 – 3.3) (see Figure 3.5). 

 

 
 

Figure 3.5: Kaplan-Meier plot showing the overall survival of the 68 patients that had 

complete records for multicentre osteosarcoma study (KEY: lungs (broken line); Bones 

(dotted line); Lungs/Bones (vertical line); None (solid line); Undocumented (yellow line) 

 

3.8 Histology 

 

There were no statistically significant differences (p > 0.05) in the survival of the patients 

between the histology types. Figure 3.6 below shows the survival curves for children with 
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different osteosarcoma types. The five-year survival rate was highest in children who were 

diagnosed with telengiectatic (n = 2) followed by those with chondroblastic (n = 4) and lastly 

those with osteoblastic (below 40%) osteosarcoma (see Appendix A). 

 

 

Figure 3.6: Kaplan-Meier plot showing the overall survival of the 68 patients that had 

complete records for multicentre osteosarcoma study. [KEY: Osteoblastic (dotted line); 

Chondroblastic (broken line); Fibroblastic (green line); Telangiectatic (solid line); Periosteal 

(yellow line)] 

 

3.9 ALP 

 

There was only one child that had normal ALP as such there were no enough number for 

comparison with the children with high ALP. The children that had raised ALP had a five-

year survival rate of 38% and those whose ALP levels were undocumented had a five-year 

survival rate of 20%. Of note that 46.3% of the patients who had raised serum ALP at initial 

presentation had clinically detectable metastatic disease at presentation. 
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3.10 LDH 

 

The Log Rank (Mantel-Cox) comparison showed there was a statistically significant 

difference (p = 0.003) in the five-year survival time of the children that that had raised LDH 

levels compared to those that had normal LDH levels (see Figure 3.7). The children that had 

normal LDH had a five-year survival rate of 100% and the those with raised LDH had a five-

year survival rate of 40% and those whose LDH levels where undocumented had a five-year 

survival rate of 16%. It has been also noted that 39.0% of the patients who had raised LDH at 

initial presentation had clinically detectable metastatic disease at presentation 

 

Figure 3.7: Kaplan-Meier plot showing the overall survival of the children with high serum 

LDH levels compared to those with normal levels. [KEY: Raised LDH (solid line); Normal 

LDH (broken line); Undocumented levels of LDH (dotted line)] 
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3.11 Enneking Classification 

 

There was a statistically significant difference (p < 0.001) in the survival time of the children 

that presented at the different stages of the osteosarcomas. Children who presented at Stage 

IIA had a longer mean survival time of 224 months (95% CI: 164 to 283), those in Stage IIB 

had a mean survival time of 112 months (95% CI: 77 to 148); those in Stage III had a mean 

survival time of 53 months (95% CI: 25 to 82); while those children who presented at the 

hospitals and whose Enneking classification was not known had the shortest mean survival 

time of three months (95% CI: 0 to 5). Figure 3.9 shows the survival of patients who 

presented at different stages according to Enneking classification. The five-year survival rate 

was highest in children who presented in stage IIA (86%) followed by those in Stage IIB 

(55%) and least in those children who presented at Stage III (15%) (see Figure 3.8). 

 

 
Figure 3.8: Kaplan-Meier plot showing the overall survival of the children who presented in 

the different Enneking Stages at presentation at the hospitals. [KEY: IIA (broken line); IIB 

(dotted line); III (solid line)] 
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3.12 Cox Regression Model 

Multivariate Cox regression analysis was done in order to determine which variables were 

contributory to survival. The results of the multivariate Cox regression analysis are indicated 

in Table 3.6. In the univariate analysis, factors with significant differences included, sex, age 

at diagnosis, duration of symptoms, site of mass, surgery, surgery type and stage (p < 0.05). 

About six models were used, each time adding a factor at each iteration to determine which 

combination of factors contributed to survival of the patients. Some factors when analysed 

did not have an effect on the survival in Model 1 but did in Model 2 (Table 3.6). Sex, age at 

diagnosis, duration of symptoms and surgery were included in Model 1 of the multivariate 

Cox regression analysis (p < 0.05). In Model 2 of the multivariate Cox regression analysis, 

independent risk factors included sex, age at diagnosis, duration of symptoms, site of mass, 

surgery, surgery type and stage (p < 0.05). 

 

Table 3.6: Model 2 covariates 

 

 B SE Wald df Sig. Exp(B) 

95,0% CI for Exp(B) 

Lower Upper 

Age at presentation 0.012 0.006 5.084 1 0.024 1.013 1.002 1.024 

Sex 1.040 0.371 7.871 1 0.005 2.830 1.368 5.853 

Duration of symptoms 0.006 0.003 3.915 1 0.048 1.006 1.000 1.012 

ALP -0.047 0.371 0.016 1 0.900 0.955 0.461 1.977 

LDH 0.387 0.270 2.056 1 0.152 1.473 0.867 2.502 

Site of mass -0.119 0.054 4.798 1 0.028 0.888 0.799 0.988 

Level of amputation 0.039 0.070 0.309 1 0.578 1.040 0.906 1.194 

Surgery 1.982 0.911 4.730 1 0.030 7.254 1.216 43.259 

Surgery Type -0.205 0.308 0.442 1 0.506 0.815 0.446 1.490 

Enneking Classification 0.778 0.306 6.479 1 0.011 2.178 1.196 3.965 

 

Table 3.6 shows that the age at presentation, increased as the prognosis got worse.  Sex was 

statistically significant with the males having a slightly higher survival rate than the females. 

Duration of symptoms was also significant. Proximal site of the mass had a worse prognosis. 

Surgery was statistically significant with a huge CI (95%: 1.216 – 43.259). LSS was better 
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than amputation because of the better Enneking stages reserved for LSS. Those patients in the 

Enneking stage III had an increased chance of dying leading to the lowest survival rate 

compared to all patients in the lower Enneking stages. 
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CHAPTER 4 

1 Discussion 

 

According to analysis of the previous literature this study is the largest to be conducted on the 

African continent. It was conducted at three academic hospitals under the University of the 

Witwatersrand in the Greater Johannesburg region. No major significant differences were 

found between the level of amputation, type of surgery implemented, histological differences 

in the tumours, ALP and LDH on the overall outcome of the children. Children who had limb 

salvage surgery had a higher five-year survival rate compared to children undergoing 

amputation, but this was not significant when assessing overall survival. A retrospective 

study was performed to assess the status of the children at presentation and the outcome of 

the children following treatment over a minimum five-year period. 

 

Studies conducted in SA have reviewed smaller cohorts of patients and included both 

children and adults1,3 and as such their results had limited applicability to the paediatric 

community. Our study is different to these two studies in that it only included children aged 

18 years and younger and is the largest study conducted so far in the country and on the 

African continent. In SA, Lisenda et al.1 conducted an OS study at CMJAH using 61 patients 

whose ages ranged from 7 to 48 years. Ferreira and Marais3 reviewed 11 patients with OS in 

a study from KwaZulu Natal Province in older patients (aged: 30 to 60 years) and focused on 

the relationship between HIV and OS. In another study69 Marais et al. noted that 16 of 24 

patients (67%) presented late to tertiary hospitals when the tumours had already metastasised.  

The current study included 102 children aged 18 years and younger and is currently the 

largest study conducted so far in the country and on the continent.  

 

4.1 Time to Presentation 

In the current study there was a prolonged time to presentation from the onset of symptoms. 

Patients with no metastases presented to tertiary hospitals after 114 days (74 SD), those with 

lung metastases presented after 107 days (59 SD), bone metastases presented after 96 days 

(54 SD), lung and bones metastases at 97 days (117 SD), and those with unknown status 
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presented after 165 days (111 SD). The patients with no metastases presented later for 

medical attention most likely due to less aggressive tumours. In two SA studies, Lisenda et 

al.1 recorded a 4.5 month delay while Ferreira and Marais3 recorded a median of 4 month 

delay before presentation to a tertiary hospital which were all longer than the times recorded 

in this study with a median of 3 month (from the onset of the symptoms to the diagnosis) 

maybe because the other SA studies included adult patient who presumably seek medical 

advice later than would the caregiver of a sick less active child. The delays in presenting to 

the hospitals may be attributed to the misdiagnosis by the doctors who had attended to the 

patients initially in the rural areas and also the system delays in referring patients to the 

tertiary hospitals70. The misdiagnosis could be due to the fact that, histologically, 

osteosarcomas resemble numerous kinds of benign lesions71, for instance, aneurysmal bone 

cysts and osteoblastoma. Failure to diagnose osteosarcoma early inevitably results in 

suboptimal treatment and/or treatment delay70. According to Shipley, delays in seeking help 

in the low-income country setting may be attributed to factors such as parents first seeking 

help from traditional healers, lack of resources to move and pay for help in modern health 

facilities or simply being in the rural areas without access to facilities till the situation 

deteriorated or from neighbouring countries where the health system is not conducive to rapid 

diagnosis of osteosarcoma. The duration of symptoms has implications on the treatment and 

recovery of the patient.  

 

4.2 ALP and LDH 

To try and determine the predictive value of the biomarkers (ALP and LDH) and presence of 

metastases at presentation, analysis of serum for the levels of ALP and LDH was conducted. 

It is generally accepted that the LDH and ALP have a diagnostic value. The LDH is well-

known to be a predictor of general cancer and its predictive role has been proved in numerous 

malignancies such as osteosarcoma72 and Ewing's sarcoma73. Only two studies by Marais et 

al.74 and Marais and Ferreira69 measured ALP and LDH, while most of the studies1,3,4,75 

conducted in South Africa did not report on ALP and LDH levels. The current study showed 

that as the ALP level increased the survival rate decreased. The results of the current study 

also suggest that as LDH increased the survival decreased. This finding is the same as the 

current understanding that these two had a predictive value for survival with osteosarcoma. In 

contrast, other authors have found that serum ALP did not have prognostic value in terms of 
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disease outcome76. In the current study, 46.3% of the patients who had raised serum ALP and 

39.0% of the patients who had raised LDH at initial presentation had clinically detectable 

metastatic disease at presentation compared to the rates of between 10 and 20% recorded in 

Turkey and United Sates of America 77,78 using both ALP and LDH.  Petrilli et al. recorded 

rates of about 20.8% in Brazil79. The lower rates reported in the developed world and Brazil 

indicated that patients sought medical attention much earlier than here in SA. However, the 

current results were lower than the 49-66% reported in the two studies here in SA3,4. The 

variations in these studies are perhaps due to delay in diagnosis and advanced disease at the 

time of diagnosis, and possibly the first cause of mortality among these patients, and 

considered one of the significant prognostic factors of this disease79. In the current study, 

there were 69.5% children (n = 57) who had both ALP and LDH raised. 

 

4.3 Common sites of osteosarcoma 

Previous studies have shown that osteosarcoma had a high predilection for the area 

surrounding the knee joint80.  In the current study we recorded 76 cases (74.5%) that involved 

the knee – either distal femur (n = 41 cases) or proximal tibia (n = 29 cases) plus cases that 

involved both the distal femur/proximal tibia (n = 6 cases) (see Figure 3.1). With regard to 

the anatomical region most affected by these tumours, the literature shows that the femur is 

the most frequent site, followed by the tibia and humerus81. In the present study, we also 

found that these sites were the most affected locations. This trend is similar to what was 

reported in other studies conducted in South Africa74,82. A study conducted in South Korea, 

also noted that the distal femur was the most frequently affected site in children and 

adolescents83 and this observation agrees with the observation in the current study. 

 

4.4 Sex 

Sex-associated differences revealed that female patients had a higher incidence rate of 

osteosarcoma compared with male patients. Similar results have been reported in previous 

studies by Lisenda et al.1,  Mirabello et al.84 and Homa et al.85 but contrary to the results 

reported by Nie and Peng86.  
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4.5 Metastases 

Among children with metastasis, children that were diagnosed with lung metastases had the 

longest duration of survival while patients diagnosed with other bone metastases had the 

longest duration of symptoms in those with metastases. Pulmonary metastases were identified 

in forty-two patients (41.2%). Lung metastases were the most common and with the bone and 

both lung/bone metastases occurring in almost similar proportions. This finding is similar that 

reported by Ferreira and Marais3.   Eight of whom progressed to death after on average 13 

months (18 SD). Six children were still alive with pulmonary disease between 29 and 144 

months after the diagnosis. In a previous study patients that had lung metastases at diagnosis 

lived on average between 9 and 16 months81 which was shorter than what was recorded in the 

current study. All children with bone metastases died within 12 months (15 SD) of diagnosis 

while those diagnosed with both pulmonary and bony metastases died within two months (1.2 

SD) of diagnosis. The patients with localised tumours died within 181 months (30 SD) of 

diagnosis while those whose metastases status was unknown died within six months (12 SD). 

 

4.6 Histology 

In most studies87,57 the most common histological type of osteosarcoma is the osteoblastic 

type. In the present study osteoblastic osteosarcoma constituted about 72.5% of the cases and 

the other types made up 27.5%. Numerous studies conducted in SA1,3,75 also noted a higher 

proportion for osteoblastic osteosarcoma compared to the other types. In a study done in 

Brazil, Rech et al.87, made a diagnosis of osteoblastic subtype in the majority (65%) of their 

patients. 

 

4.7 Enneking stages 

Most patients with osteosarcoma have stage IIB disease on presentation.88 This is similar to 

the finding by Lisenda et al.1, who noted that most of the patients in their study population 

were in Stage IIB followed by those in Stage III. The finding of this study is contrary to the 

findings of Lisenda et al. where 51% of the children were in Stage III and those children in 

Stage IIB constituting 38.2%. In the current study, most cases presented to the hospital for 

attention very late could be due to delays emanating from the misdiagnoses and faults within 
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the healthcare system and this increased the risk of distant metastases. The reasons for late 

presentation to hospitals could also be the referral systems in place, or patients are staying 

further away in the rural areas and could not have access to medical health care. Barriers to 

accessing medical care may discourage individuals from seeking medical attention unless 

symptoms are severe. In some cases, patients might be misdiagnosed or there may have been 

system delays in referring patients to the tertiary hospitals70. In the current study, patients in 

Enneking stage III lived the shortest time (mean of 42 months) followed by those in 

Enneking stage IIB (mean of 103 months) and those in Enneking stage IIA lived the longest 

(mean of 224 months). Those in Enneking stage III are already in a compromised situation 

due metastasis to lungs and bones. 

 

4.8 LSS vs Amputation 

The international literature shows numerous accounts of improved survival rates of patients 

that have received LSS compared with amputation89,90. Li et al.89, observed that the five-year 

overall survival rate in LSS group was 58% and 49.8% in the group that was amputated. The 

finding in our study also concurs with this observation (76% - LSS vs 46% - amputation). 

However, it is difficult to have a direct comparison of these numerous studies because they 

focused on different variables and the sample sizes varied  – some studies did not have the 

Enneking Classification of patients, had mixed populations of children and adults82, had the 

HIV status of some patients75 and ages ranged from two up to 82 years91. One study 

conducted in China, reported a lower five-year survival rate for patients who underwent limb-

salvage surgery than the patients that received amputation91, contradicting the major finding 

in most studies. Several authors have demonstrated that there is no difference in terms of 

survival between patients who have amputation and those who have limb salvage92,93. Limb 

Salvage Surgery (LSS) has emerged as a viable option for patients with osteosarcoma with 

the increased long-term survival rates of 60 to 80%, especially in children with Enneking 

stage IIB.80,94 Despite these improvements, and although the indications for limb salvage 

surgery have greatly expanded, it is still unclear whether limb salvage affects osteosarcoma 

outcomes.95 In the current study, 41.2% of the cases (n = 42) had amputations while LSS was 

performed in (n = 17) (16.7%) of the cases. This resulted in an improved five-year survival 

rate of about 76% in those children that had limb salvage surgery and the survival rate was 

44% among those children that had amputation. The improved survival rate in children 
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following LSS is in keeping with findings in the literature. A study in India reported an 

improved five-year overall survival rate of patients treated with LSS was 58.6% compared to 

49.8% for those treated with amputation96. Ayerza et al.95 reported an improved survival rates 

of 67% and Ferrari et al.45 reported an increased long-term survival rates of 60 to 80%80,94 

following LSS. The survival rates for LSS reported in the current study was higher than that 

reported by Ayerza et al. (36-67%) but within the range of the values reported by Tan et al.80 

(61.8%) and Aksnes et al.94(78%). Patients who underwent limb salvage surgery had a higher 

five-year survival rate in comparison to those that had their limb amputated. Patients who had 

limb sparing surgery had a more favourable long-term outcome when compared to patients 

who had amputations. This might be attributed to the fact that patients who went for LSS had 

the disease in its early stages whereas, many amputations in the current study were done as 

palliative procedures when patients presented at late presentation with distant metastases. 

 

There was a higher rate of relapse among patients who had amputation 41% (n = 23), in 

comparison to the LLS group where the relapse rate was 35.3% (n = 6). This is because most 

of the amputated group had metastases by the time of presentation and they were not the right 

candidates for LSS. In addition, the aggressive nature of some tumours as well as those that 

might have developed resistance to the chemotherapy. According to Takeuchi et al., patients 

with recurrence have poor long-term prognosis97.  

 

4.9 Survival rates 

In the current study, the five-year overall survival rate was 42%. The finding in this present 

study was slightly lower than the five-year survival rate of 45% reported in Argentina with a 

survival rate for those patients with localised disease being 52% and those with the tumour 

that had metastasised being 22%98. In the current study 46 of the 49 patients with localised 

disease had a five-year survival rate of 100% while the 42 patients who presented with 

metastases (lungs) had a five-year survival rate of 80%. Petrilli et al.79, reported an overall 

five-year survival rate of 49%, which was lower than the rate recorded in the present study. In 

the current study, 11 patients (10.8%) declined surgery on presentation and opted for 

palliative care which affected the overall five-year survival rate. In another South African 

study, Muthupei et al.42 recorded a five-year survival rate of 7.5% in 66 patients treated at 

Ga-Rankuwa Hospital. In a study which included some patients from the current study, 
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Lisenda et al. reported an overall five-year survival rate of 38.1%1, which is lower than what 

was reported in the current study. Those that had limb salvage surgery had a significantly 

higher five-year survival rate than those who elected for amputation. The higher amputation 

rate (41.3%) than the LSS option (16.7%) in the current study shows a higher percentage of 

patients presented with locally aggressive disease which was not amenable to LSS.  

 

4.10 Cox regression analysis 

Age of presentation, sex of patient, duration of symptoms, site of tumour mass, type of 

surgery, and Enneking stage were significant predictors of overall survival. The systematic 

analysis of the present study may provide useful information for guiding clinical work. 

Female patients below 18 years of age had a higher incidence rate of osteosarcoma than 

males, suggesting the requirement for an early screening of this aforementioned high-risk 

population for osteosarcoma. Sex, age at diagnosis, duration of symptoms, site of mass, 

surgery, surgery type and Enneking stage were demonstrated in the present study to be 

independent risk factors in the multivariate Cox regression analysis. A study by Nie and 

Peng86 noted that the year of diagnosis, sex, Enneking stage, tumour site, surgery were 

significant but they had other factors that were beyond the scope of the study. This makes it 

difficult to compare the two studies though some of the factors were similar.  

 

4.11 Limitations 

Some of the details on the case records were incomplete and did not capture the actual date of 

death of the children and this reduced the number of children used in the final analysis of the 

survival rates. Other children that received chemotherapy died shortly after treatment started 

due to poor response to chemotherapy thereby lowering the survival rates. There was 

selection bias in that patients with metastases did not undergo local excision surgery. Only 

those with metastases were recommended for amputation and not all of these patients 

underwent this surgery due to refusal by families or patients being too sick.  
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4.1 Recommendations 

The aim of this research report is to contribute to the understanding of the factors that 

paediatric patients with osteosarcoma present with to hospitals and as well as determining the 

overall five-year survival rate within the children aged below 18 years of age.  

 

i. The huge difference in the overall five-year survival rate between those children that 

had LSS and those that had limb amputation indicates that LSS should be supported 

as the method of choice if the Enneking stage makes it possible, highlighting the poor 

prognosis associated with distant metastases on diagnosis. 

 

ii. Delays in seeking help from tertiary health facilities also shows that the health 

professionals and the Department of Health have to intensify efforts in spreading the 

message on advising the parents on what to do in instances of unexplained limb/joint 

swelling. Literature on osteosarcoma has to be made available to parents at all clinics 

and highlights the need to strengthen oncology health educational campaigns among 

communities in both urban and rural settings.  

 

iii. Educating general practitioners and doctors working in the peripheral hospitals on 

osteosarcoma and creating an effective referral system between health facilities 

should be studied further. 

 

iv. A South African Musculoskeletal oncology registry to gather more systematic 

structured data on all patients with different kinds of paediatric malignancies should 

be created. This is another area for future research and one which has been promoted 

by the South African Orthopaedic Association.  
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CHAPTER 5 

 

2 Conclusion 

 

More than 75% of children presented late (average 113 ± 74 days) after onset of symptoms 

for medical attention at tertiary hospitals. By this time many children (n = 52, 51%) had 

distant metastases thereby reducing their chances of survival. Those who received LSS had a 

higher five-year survival rate than those who had an amputation, this can be attributed to the 

fact that 76.5% (n = 13) of the LSS patients presented with Enneking stage II and only 23.5% 

(n = 4) were in Enneking stage III.  The five-year survival rates in the current study are better 

than those in other South African/developing countries but still lower than those in the 

developed world. This study highlights the need for ongoing education of the general public 

regarding the dangers of delayed medical attention to improve the outcomes of osteosarcoma 

as a matter of urgency, to facilitate rapid tertiary referral and expedite management.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

38 

 

3 References 

1.  Lisenda L, Linda ZA, Snyman FPJ, Kyte RD, Lukhele M. Osteosarcoma patient 

outcomes at a South African tertiary hospital. S Afr Med J. 2017;107(9):754–7.  

2.  Muthupei MN, Mariba MT. Osteosarcoma at Ga-Rankuwa Hospital: 10-year 

experience in an African population. Cent Afr J Med. 2000;46(2):41–3.  

3.  Ferreira, N.; Marais LC. Osteosarcoma presentation stages at a tumour unit in South 

Africa. S Afr Med J. 2012;102(8):673–6.  

4.  Shipley JA, Beukes CA. Outcomes of osteosarcoma in a tertiary hospital. SA Orthop. 

J. 2012;11:18–22.  

5.  Beaulieu N, Bloom D, Bloom R, Stein R. Breakaway: the global burden of cancer—

challenges and opportunities. A report from the Economist Intelligence Unit, 2009. 

http://livestrongblog.org/ GlobalEconomicImpact.pdf [Internet]. 2009. Available from: 

http://livestrongblog.org/%0AGlobalEconomicImpact.pdf 

6.  Mirabello L, Troisi RJ, Savage SA. Osteosarcoma patient outcomes at a South African 

tertiary hospital. Int J Cancer. 2009;125(9):225–34.  

7.  Ottaviani G, Jaffe N. The epidemiology of osteosarcoma. Cancer Treat Res. 

2009;152:3–13.  

8.  CRN. Cancer incidence, mortality, survival and prevalence in Norway." Cancer in 

Norway 2014. The Cancer Registry of Norway. 2014.  

9.  Raymond AK, Jaffe N. Osteosarcoma multidisciplinary approach to the management 

from the pathologist’s perspective. In: Pediatric and Adolescent Osteosarcoma. 2009. 

p. 63–84.  

10.  Potschger U, Kastner U, Flege S, Kempf-Bielack B, Branscheid D. Kager L, Zoubek 

A, Primary metastatic osteosarcoma: presentation and outcome of patients treated on 

neoadjuvant cooperative osteosarcoma study group protocols. J Clin Oncol. 

2003;21:2011–2018.  

11.  Pakos EE, Nearchou AD, Grimer RJ, Koumoullis HD, Abudu A, Bramer JAM, et al. 

Prognostic factors and outcomes for osteosarcoma: An international collaboration. Eur 

J Cancer [Internet]. 2009;45(13):2367–75. Available from: 

http://dx.doi.org/10.1016/j.ejca.2009.03.005 

12.  Kager L, Zoubek A, Dominkus M, Lang S, Bodmer N, Jundt G, et al. Osteosarcoma in 

very young children. Cancer. 2010;116:5316–5324.  



 

39 

 

13.  Cho WH, Song WS, Jeon DG, Kong CB, Kim MS, Lee JA, et al. Differential 

presentations, clinical courses, and survivals of osteosarcomas of the proximal 

humerus over other extremity locations. Ann Surg Oncol. 2010;17:702–8.  

14.  Hayden JB, Hoang BH. Osteosarcoma: basic science and clinical implications. Orthop 

Clin North Am. 2006;37:1–7.  

15.  Ozaki T, Flege S, Liljenqvist U, Hillmann A, Delling G, Salzer-Kuntschik M, et al. 

Osteosarcoma of the spine: experience of the cooperative osteosarcoma study group. 

Cancer. 2002;94:1069–77.  

16.  Bielack SS, Kempf-Bielack B, Delling G, Exner GU, Flege S, Helmke K, et al. 

Prognostic factors in highgrade osteosarcoma of the extremities or trunk: an analysis of 

1,702 patients treated on neoadjuvant cooperative osteosarcoma study group protocols. 

J Clin Oncol. 2002;20:776–90.  

17.  Fletcher CD, Unni KK, Mertens F. Pathology and genetics of tumours of soft tissue 

and bone. IARC. 2002;4.  

18.  Murphey MD, wan Jaovisidha S, Temple HT, Gannon FH, Jelinek JS, Malawer MM. 

Telangiectatic osteosarcoma: radiologic-pathologic comparison. Radiology. 

2003;229:545–553.  

19.  Nakajima H, Sim FH, Bond JR, Unni KK. Small cell osteosarcoma of bone. Review of 

72 cases. Cancer. 1997;79:2095–106.  

20.  Klein MJ, Siegal GP. Osteosarcoma: Anatomic and histologic variants. Am J Clin 

Pathol. 2006;125(4):555–81.  

21.  Johnson K, Davies AM, Mangham DC, Grimer RJ. Parosteal osteosarcoma of a 

metatarsal with intramedullary invasion. Skeletal Radiol. 1999;28:111–5.  

22.  Okada K, Frassica FJ, Sim FH, Beabout JW, Bond JR, Unni KK. Parosteal 

osteosarcoma. A clinicopathological study. J Bone Joint Surg Am. 1994;76:366–378.  

23.  Unni KK, Dahlin DC, Beabout JW. Periosteal osteogenic sarcoma. Cancer. 

1976;37:2476–85.  

24.  Wold LE, Unni KK, Beabout JW, Pritchard DJ. High-grade surface osteosarcomas. 

Am J Surg Pathol. 1984;8:181–6.  

25.  Okada K, Unni KK, Swee RG, Sim FH. High grade surface osteosarcoma. Cancer. 

1999;85:1044–54.  

26.  Widhe B, Widhe T. Initial symptoms and clinical features in osteosarcoma and Ewing 

sarcoma. J Bone Joint Surg - Am. 2000;82(5):667–74.  



 

40 

 

27.  Sun L, Li Y, Zhang J, Li H, Li B, Ye Z. Prognostic value of pathologic fracture in 

patients with high grade localized osteosarcoma: a systemic review and meta-analysis 

of cohort studies. J Orthop Res. 2015;33(1):131–9.  

28.  Hogendoorn PC, Athanasou N, Bielack S, De Alava E, Dei Tos AP, Ferrari S, et al. 

Bone sarcomas: ESMO Clinical Practice Guidelines for diagnosis, treatment and 

follow-up. Ann Oncol. 2010;21(5):204–13.  

29.  Bielack SS, Carrle D, Casali PG. Osteosarcoma: ESMO clinical recommendations for 

diagnosis, treatment and follow-up." 20 Suppl 4: . Ann Oncol. 2009;20(4):137–9.  

30.  Enneking WF, Kagan A. “Skip” metastases in osteosarcoma. Cancer. 

1975;36(6):2192–205.  

31.  Costelloe CM, Chuang HH, Madewell JE. FDG PET/CT of primary bone tumors. AJR 

Am J Roentgenol. 2014;202(6):W521-531.  

32.  Geller DS, Gorlick R. Osteosarcoma: a review of diagnosis, management, and 

treatment strategies. Clin Adv Hematol Oncol. 2010;8:705–18.  

33.  Geller DS, Gorlick R. Osteosarcoma: A review of diagnosis, management, and 

treatment strategies. Clin Adv Hematol Oncol. 2010;8(10):705–18.  

34.  Messerschmitt PJ, Garcia RM, Abdul-Karim FW, Greenfield EM, Getty PJ. 

Osteosarcoma. 17, 515–527. J Am Acad Orthop Surg. 2009;17:515–27.  

35.  Luetke A, Meyers PA, Lewis I, Juergens H. Osteosarcoma treatment - where do we 

stand? A state of the art review. Cancer Treat Rev. 2014;40(4):523–32.  

36.  Carrle D, Bielack S. Osteosarcoma lung metastases detection and principles of 

multimodal therapy. Cancer Treat Res. 2009;152:165–84.  

37.  Briccoli A, Rocca M, Salone M, Guzzardella GA, Balladelli A, Bacci G. High grade 

osteosarcoma of the extremities metastatic to the lung: long-term results in 323 

patients treated combining surgery and chemotherapy, 1985-2005. Surg Oncol. 

2010;19(4):193–9.  

38.  Vijayamurugan N, Bakhshi S. Review of management issues in relapsed 

osteosarcoma. Expert Rev Anticancer Ther. 2014;14(2):151–61.  

39.  Hattinger CM, Fanelli M, Tavanti E, Vella S, Ferrari S, Picci P, et al. Advances in 

emerging drugs for osteosarcoma." 20(3): 495-514. Expert Opin Emerg Drugs. 

2015;20(3):495–514.  

40.  Bramer JAM, van Linge JH, Grimer RJ, Scholten RJPM. Prognostic factors in 

localized extremity osteosarcoma: A systematic review. Eur J Surg Oncol [Internet]. 



 

41 

 

2009;35(10):1030–6. Available from: http://dx.doi.org/10.1016/j.ejso.2009.01.011 

41.  Damron TA, Ward WG, Stewart A. Osteosarcoma, chondrosarcoma and Ewings 

sarcoma. National Cancer Data Base Report. Clin Orthop Relat Res. 2007;(459):40–7.  

42.  Muthuphei MN, Mariba MT. Osteosarcoma in Ga-Rankuwa Hospital: a 10 year 

experience in an African population. Cent Afr J Med. 2000;46(2):41–3.  

43.  Eilber B, Giuliano A, Eckardt J, Patterson K, Moseley S, J. G. Adjuvant chemotherapy 

for osteosarcoma: a randomized prospective trial. J Clin Oncol. 1987;5:21–6.  

44.  Betz M, Dumont CE, Fuchs B, Ulrich EG. Physeal distraction for joint preservation in 

malignant metaphyseal bone tumors in children. Clin Orthop Relat Res. 

2012;470:1749–1754.  

45.  Ferrari S, Palmerini E, Staals EL. The treatment of nonmetastatic high grade 

osteosarcoma of the extremity: review of the Italian Rizzoli experience. Impact on the 

future. Cancer Treat Res. 2009;152:275–87.  

46.  Malawer MM, McHale KA. Limb-sparing surgery for high-grade malignant tumors of 

the proximal tibia, surgical technique and a method of extensor mechanism 

reconstruction. Clin Orthop Relat Res. 1982;239:231–248.  

47.  Finn HA, Simon MA. Limb-salvage surgery in the treatment of osteosarcoma in 

skeletally immature individuals. Clin Orthop Relat Res. 1991;262:108–18.  

48.  Kapoor S, Tiwari A, Kapoor S. Primary tumours and tumorous lesions of clavicle. 32, 

829–834. Int Orthop. 2008;32:829–34.  

49.  Han G, Bi WZ, Xu M, Jia JP, Wang Y. Amputation versus limb-salvage surgery in 

patients with osteosarcoma: a meta-analysis. World J Surg. 2016;40:2016–2027.  

50.  Harris JD, Thai QT, Thomas JS, Mayerson JL. Exceptional functional recovery and 

return to high-impact sports after van nes rotationplasty. Orthopedics. 2013;36:126–31.  

51.  Gradl G, Postl LK, Lenze U, Stolberg-stolberg J, Pohlig F, Rechl H, et al. Long-term 

functional outcome and quality of life following rotationplasty for treatment of 

malignant tumors. BMC Musculoskelet Disord. 2015;16:1–7.  

52.  Xu S, Yu X, Xu M, Fu Z, Chen Y, Sun Y, et al. Limb function and quality of life after 

various reconstruction methods according to tumor location following resection of 

osteosarcoma in distal femur. BMC Musculoskelet Disord [Internet]. 2014;15(1):1–9. 

Available from: 

http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L604

222678%0Ahttp://dx.doi.org/10.1186/1471-2474-15-453 



 

42 

 

53.  Meazza C, Veneroni L, Podda M, Terenziani M, Luksch R, Ferrari A. When curing a 

pediatric tumor is not enough: the case of a psychiatric disorder in a woman surviving 

osteosarcoma. Tumori. 2015;1-.  

54.  Bekkering WP, Vliet Vlieland TP, Koopman HM, Schaap GR, Schreuder HW, 

Beishuizen A. Quality of life in young patients after bone tumor surgery around the 

knee joint and comparison with healthy controls. Pediatr Bood cancer. 

2010;54(5):738–45.  

55.  Gaston CL, Nakamura T, Reddy K, Abudu A, Carter S, Jeys L, et al. Is limb salvage 

surgery safe for bone sarcomas identified after a previous surgical procedure? Bone 

Joint J. 2014;96 B(5):665–72.  

56.  Grimer RJ, Taminiau AM, Cannon SR. Surgical outcomes in osteosarcoma. 84, 395–

400. J Bone Joint Surg Br. 2002;84:395–400.  

57.  Ferrari S, Bertoni F, Mercuri M, Picci P, Giacomini S, Longhi A. Predictive factors of 

disease- free survival for nonmetastatic osteosarcoma of the extremity: an analysis of 

300 patients treated at the Rizzoli Institute. Ann Oncol. 2001;12:1145–50.  

58.  Lang NW, Hobusch GM, Funovics PT, Windhager R, Hofstaetter JG. What sports 

activity levels are achieved in patients with modular tumor endoprostheses of 

osteosarcoma about the knee? Clin Orthop Relat Res. 2015;473:847–854.  

59.  Stevenson J, Tsagkozis P, Grimer R. Functional and quality of life outcomes in bone 

sarcoma following amputation, rotationplasty or limb-salvage. Expert Rev Qual Life 

Cancer Care. 2016;1:303–312.  

60.  Jaffe N, Carrasco H, Raymond K, Ayala A, Eftekhari F. Can cure in patients with 

osteosarcoma be achieved exclusively with chemotherapy and abrogation of surgery? 

Cancer. 2002;95:2202–2210.  

61.  Rosen G, Caparros B, Huvos AG, Kosloff C, Nirenberg A, Cacavio A, et al. 

Preoperative chemotherapy for osteogenic sarcoma: Selection of postoperative 

adjuvant chemotherapy based on the response of the primary tumor to preoperative 

chemotherapy. Cancer. 1982;49:1221–1230.  

62.  Wittig JC, Bickels J, Priebat D, Jelinek J, Kellar-Graney K, Shmookler B, et al. 

Osteosarcoma: A multidisciplinary approach to diagnosis and treatment. Am Fam 

Physician. 2002;65:1123–1132.  

63.  Chou AJ, Gorlick R. Chemotherapy resistance in osteosarcoma: Current challenges 

and future directions. Expert Rev Anticancer Ther. 2006;6:1075–85.  



 

43 

 

64.  Rosenburg SA, Chabner BA, Young RC, Seipp CA, Levine AS, Costa J, et al. 

Treatment of osteogenic sarcoma. I. Effect of adjuvant high-dose methotrexate after 

amputation. Cancer Treat Rep. 1979;63:739–51.  

65.  Bacci G, Ferrari S, Longhi A, Picci P, Mercuri M, Alvegard TA, et al. High dose 

ifosfamide in combination with high dose methotrexate, adriamycin and cisplatin in 

the neoadjuvant treatment of extremity osteosarcoma: Preliminary results of an italian 

sarcoma group/scandinavian sarcoma group pilot study. J Chemother. 2002;14:198–

206.  

66.  Anninga JK, Gelderblom H, Fiocco M, Kroep JR, Taminiau AH, Hogendoorn PC, et 

al. Chemotherapeutic adjuvant treatment for osteosarcoma: Where do we stand? Eur J 

Cancer. 2011;47:2431–2445.  

67.  Avella M, Bacci G, McDonald DJ, di Scioscio M, Picci P, Campanacci M. Adjuvant 

chemotherapy with six drugs (adriamycin, methotrexate, cisplatinum, bleomycin, 

cyclophosphamide and dactinomycin) for non-metastatic high grade osteosarcoma of 

the extremities. Results of 32 patients and comparison to 127 patients concomitantly t. 

Chemioterapia. 1988;7:133–7.  

68.  Hong AM, Millington S, Ahern V, Mccowage G, Boyle R, Tattersall M, et al. Limb 

preservation surgery with extracorporeal irradiation in the management of malignant 

bone tumor: the oncological outcomes of 101 patients. Ann Oncol. 2013;24:2676–

2680.  

69.  Marais LC, Ferreira N. Osteosarcoma in Adult Patients Living with HIV/AIDS. ISRN 

Oncol [Internet]. 2013;2013. Available from: http://dx.doi.org/10.1155/2013/219369 

70.  Kim MS, Lee S-Y, Cho WH, Song WS, Koh J-S, Lee JA, et al. Prognostic effects of 

doctor-associated diagnostic delays in osteosarcoma. Arch Orthop Trauma Surg. 

2009;129(10):1421–5.  

71.  Salzer-Kuntschik M. Pitfalls and typical false interpretations in bone tumors. From the 

viewpoint of long-term consultation. Pathologe. 1996;17(1):1–5.  

72.  Chen J, Sun MX, Hua YQ, Cai ZD. Prognostic significance of serum lactate 

dehydrogenase level in osteosarcoma: A meta-analysis. J Cancer Res Clin Oncol. 

2014;140:1205–10.  

73.  Li S, Yang Q, Wang H, Wang Z, Zuo D, Cai Z, et al. Prognostic significance of serum 

lactate dehydrogenase levels in Ewing’s sarcoma: A meta-analysis. Mol Clin Oncol. 

2016;5(6):832–8.  



 

44 

 

74.  Marais, L. C., Bertie, J., Rodseth, R., Sartorius, B., Ferreira N. Pre-treatment serum 

lactate dehydrogenase and alkaline phosphatase as predictors of metastases in 

extremity osteosarcoma. J Bone Oncol. 2015;4(3):80–4.  

75.  Hart H, Parkes JD. Long-term outcomes in osteosarcoma patients in the Groote Schuur 

Hospital patient population: A retrospective review. S. Afr. J. Oncol [Internet]. 

2017;1(0):a17–22. Available from: https://doi.org/10.4102/sajo 

76.  Jin Y, Yuan MQ, Chen JQ, Zhang YP. Serum alkaline phosphatase predicts survival 

outcomes in patients with skeletal metastatic nasopharyngeal carcinoma. Clinics (Sao 

Paulo). 2015;70(4):264–72.  

77.  Ozger H, Eralp L, Atalar AC, Toker B, Ayan I. Survival analysis and the effects of 

prognostic factors in patients treated for osteosarcoma. Acta Orthop Traumatol Turc. 

2007;41:211–9.  

78.  Provisor AJ, Ettinger LJ, Nachman JB, Krailo MD, Makley JT. Treatment of 

nonmetastatic osteosarcoma of the extremity with preoperative and postoperative 

chemotherapy: a report from the Children’s Cancer Group. J Clin Oncol. 1997;15:76–

84.  

79.  Petrilli AS, de Camargo B, Filho VO, Bruniera P, Brunetto AL. Results of the 

Brazilian Osteosarcoma Treatment Group Studies III and IV: prognostic factors and 

impact on survival. J Clin Oncol. 2006;24:1161–8.  

80.  Tan PX, Yong BC, Wang J. Analysis of the efficacy and prognosis of limb-salvage 

surgery for osteosarcoma around the knee. Eur J Surg Oncol. 2012;38(12):1171–7.  

81.  Gok Durnali A, Paksoy Turkoz F, Ardic Yukruk F, Tokluoglu S, Yazici OK, Demirci 

A. Outcomes of Adolescent and Adult Patients with Lung Metastatic Osteosarcoma 

and Comparison of Synchronous and Metachronous Lung Metastatic Groups. PLoS 

One [Internet]. 2016;11(5):e0152621. Available from: 

doi:10.1371/%0Ajournal.pone.0152621 

82.  Ferreira N, Marais LC. Osteosarcoma presentation stages at a tumour unit in South 

Africa. S Afr Med J. 2012;102:673–6.  

83.  Lee JA. Osteosarcoma in Korean children and adolescents. Korean J Pediatr. 

2015;58:123–8.  

84.  Mirabello L, Troisi RJ, Savage SA. Osteosarcoma incidence and survival rates from 

1973 to 2004: Data from the surveillance, epidemiology, and end results program. 

Cancer. 2009;115:1531‑1543.  



 

45 

 

85.  Homa DM, Sowers MR, Schwartz AG. Incidence and survival rates of children and 

young adults with osteogenic sarcoma. Cancer. 1991;67:2219‑2223.  

86.  Nie Z, Peng H. Osteosarcoma in patients below 25 years of age: An observational 

study of incidence, metastasis, treatment and outcomes. Oncol Lett. 2018;16:6502–14.  

87.  Rech A, Castro Junior CG, Mattei J, Gregianin L, Di Leone L, David A. Clinical 

features in osteosarcoma and prognostic implications. J Pediatr (Rio J). 2004;80:65–7.  

88.  Tsuchiya H, Tomita K. Prognosis of osteosarcoma treated by limb-salvage surgery: the 

ten-year intergroup study in Japan. Jpn J Clin Oncol. 1992;22(5):347–53.  

89.  Li X, Zhang Y, Wan S, Li H, Li D, Xia J, et al. A comparative study between limb-

salvage and amputation for treating osteosarcoma. J Bone Oncol. 2016;5:15–21.  

90.  Aksnes LH, Bauer HC, Jebsen NL. Limb-sparing surgery preserves more function than 

amputation: a Scandinavian sarcoma group study of 118 patients. J Bone Joint 

Surgery, Br. 2008;90(6):786–94.  

91.  Jiang F, Shi Y, Li GJ, Zhou F. A meta-analysis of limb-salvage versus amputation in 

the treatment of patients with Enneking‡U pathologic fracture osteosarcoma. Indian J 

Cancer. 2014;51(Suppl S2):21–4.  

92.  Bacci G, Ferrari S, Longhi A. Nonmetastatic osteosarcoma of the extremity with 

pathologic fracture at presentation: Local and systemic control by amputation or limb 

salvage after preoperative chemotherapy. Acta Orthop Scand. 2003;74(4):449–54.  

93.  Scully SP, Ghert MA, Zurakowski D, Thompson RC, Gebhardt MC. Pathologic 

fracture in osteosarcoma. J Bone Joint Surg Am. 2002;84(1):49–55.  

94.  Aksnes LH, Bauer HCF, Jebsen NL, Folleras G, Allert C, Haugen GS, et al. Limb-

sparing surgery preserves more function than amputation: A SCANDINAVIAN 

SARCOMA GROUP STUDY OF 118 PATIENTS. J Bone Joint Surg - Br Vol 

[Internet]. 2008;90-B(6):786–94. Available from: 

http://www.bjj.boneandjoint.org.uk/cgi/doi/10.1302/0301-620X.90B6.19805 

95.  Ayerza MA, Farfalli GL, Aponte-Tinao L, Luis Muscolo D. Does increased rate of 

limb-sparing surgery affect survival in osteosarcoma? Clin Orthop Relat Res. 

2010;468(11):2854–9.  

96.  Li X, Zhang Y, Wan S, Li H, Li D, Xia J, et al. A comparative study between limb-

salvage and amputation for treating osteosarcoma. J Bone Oncol. 2016;5(1):15–21.  

97.  Takeuchi A, Lewis VO, Satcher RL, Moon BS, Lin PP. What are the factors that affect 

survival and relapse after local recurrence of osteosarcoma? 2014;472(10):3188-95. 



 

46 

 

Clin Orthop Relat R. 2014;472(10):3188–95.  

98.  Moreno F, Cacciavillano W, Cipolla M, Coirini M, Streitenberger P, López Martí J, et 

al. Childhood osteosarcoma: Incidence and survival in Argentina. Report from the 

National Pediatric Cancer Registry, ROHA Network 2000–2013. Pediatr Blood 

Cancer. 2017;64(10).  

  



 

47 

 

4 Appendices 

4.1 Chemotherapy Protocol used in the Gauteng Hospitals among the patients that 

were included in the study 

 

 



 

48 

 

4.2 Ethics Clearance Certificate 

 



 

49 

 

4.3 Data Collection Sheet 

 

 


