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Aims
The aim of this study is to determine the predictors of overall survival (OS) and predic-
tive factors of poor prognosis of conventional high-grade osteosarcoma of the limbs in a
single-centre in South Africa.

Methods
We performed a retrospective cross-sectional analysis to identify the prognostic factors that
predict the OS of patients with histologically confirmed high-grade conventional osteosar-
coma of the limbs over ten years. We employed the Cox proportional regression model and
the Kaplan-Meier method for statistical analysis.

Results
This study comprised 77 patients at a three-year minimum follow-up. The predictors of poor
OS were: the median age of ≤ 19 years (hazard ratio (HR) 0.96; 95% confidence interval (CI)
0.92 to 0.99; p = 0.021); median duration of symptoms ≥ five months (HR 0.91; 95% CI 0.83 to
0.99; p < 0.037); metastasis at diagnosis (i.e. Enneking stage III) (HR 3.33; 95% CI 1.81 to 6.00;
p < 0.001); increased alkaline phosphatase (HR 3.28; 95% CI 1.33 to 8.11; p < 0.010); palliative
treatment (HR 7.27; 95% CI 2.69 to 19.70); p < 0.001); and amputation (HR 3.71; 95% CI 1.12
to 12.25; p < 0.032). In contrast, definitive surgery (HR 0.11; 95% CI 0.03 to 0.38; p < 0.001)
and curative treatment (HR 0.18; 95% CI 0.10 to 0.33; p < 0.001) were a protective factor. The
Kaplan-Meier median survival time was 24 months, with OS of 57.1% at the three years. The
projected five-year event-free survival was 10.3% and OS of 29.8% (HR 0.76; 95% CI 0.52 to
1.12; p = 0.128).

Conclusion
In this series of high-grade conventional osteosarcoma of the appendicular skeleton from
South Africa, 58.4% (n = 45) had detectable metastases at presentation; hence, an impov-
erished OS of five years was 29.8%. Large-scale future research is needed to validate our
results.
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Take home message
• In low- and middle-income countries, such as South Africa, a

large proportion of patients with conventional osteosar-
coma present with metastasis at 58.4%. Hence, the Kaplan-
Meier median survival time was 24 months, with overall
survival (OS) of 57.1% at a three-year follow-up. The
projected five-year event-free survival was 10.3%, and OS
was 29.8%.

• A curative treatment strategy and definitive surgery
reduced mortality risk by 89%. Amid the advanced disease
burden, amputation was almost four times more likely to
succumb.

• Other factors associated with a poor prognosis were age ≤
19 years, duration of symptoms ≥ five months, elevated
serum alkaline phosphatase, and palliative treatment
strategy.

Introduction
Osteosarcomas are a group of primary malignant mesen-
chymal cancers of bone characterized by the formation
of an osteoid matrix, with predilection in childhood and
young adults.1 Central high-grade conventional osteosar-
coma (COS) is the most common subtype, comprising 90%
of all osteosarcoma variants.1,2 Osteosarcoma is the most
frequently diagnosed primary bone cancer in low- or middle-
income countries (LMIC) settings,3,4 in keeping with the
developed world.4-7 In LMICs, osteosarcoma accounts for 73%
of all primary bone tumours when excluding haematologi-
cal malignancies,3,4 compared to the high-income countries
(HICs), where it accounts for 28%, 34%, and 60% in the USA,
UK, and China, respectively.4–7

Currently, the treatment of COS typically involves
neoadjuvant chemotherapy, wide surgical resection of all
sites, and adjuvant chemotherapy.8-11 Despite this aggres-
sive strategy, the five-year overall survival (OS) of non-meta-
static COS has plateaued at 60% to 70% in HICs.8-11 The
survival outcomes reported globally are yet to be replicated
in LMICs.8-15 The five-year survival COS remains extremely
impoverished in LMIC settings, well below 50%.12-15 Socio-eco-
nomic factors and healthcare system inequalities are the main
contributing factors.12-16

Numerous poor prognostic factors for survival have
been identified globally, including older age, male sex, large
tumours, non-extremity osteosarcoma, proximal osteosar-
coma, poor chemotherapy response, no surgical treatment,
and amputation.17 Surgical resection of all sites and response
to chemotherapy are the most important prognostic factors to
improve OS.8,17 However, there is limited data about prognosis
from LMIC and Africa in particular.12-15 Previous studies have
identified the advanced stage of disease at presentation, high
tumour burden, and metastatic disease at presentation as
adverse prognostic factors.12-15

This study aimed to determine the OS and predictive
factors of poor prognosis of central high-grade conventional
osteosarcoma of the limbs within a single centre in the
Republic of South Africa (RSA) with a minimum three-year
follow-up.

Methods
Patients’ data and research design
This is a retrospective review from a single institution
(University of KwaZulu-Natal,  Durban, South Africa) from
our electronic database over a ten-year period at a
three-year minimal follow-up. After institutional ethical
review board approval (BREC/00002737/2021), patients
and/or caregivers, where applicable, consented. We
identified  152 osteosarcoma patients from January 2010 to
December 2020. We included all  patients with biopsy-histo-
logical confirmed  central high-grade conventional osteosar-
comas of the appendicular skeleton. Patients were excluded
if they had missing data (n = 23; 30.7%), or had tumours
involving the skull,  spine, chest, and pelvis (n = 31; 41.3%),
surface osteosarcomas (n = 11; 14.7%), and secondary
osteosarcomas (n = 10; 13.3%). The remaining 77 patients
were included in the analysis (Figure 1).

The following variables were assimilated: age, sex,
duration of symptoms in months, days from presentation
to diagnosis, tumour location (site), presence of pathologi-
cal fracture, Enneking classification,18 metastasis at diagno-
sis, metastatic site, serum alkaline phosphatase (ALP), lactic
dehydrogenase (LDH), serum albumin, histological subtype,
the treatment strategy employed (being either curative with
surgery, or palliative for unresectable tumours), definitive
surgery performed, and adjuvant chemotherapy used. Tumour
volume was assessed using MRI and measured using a
previously defined formula for an ellipsoidal mass (width ×
height × diameter × 0.52).19

Outcome measure
The outcome measure was to determine the OS and fac-
tors predictive of poor prognosis in high-grade conventional
osteosarcoma of the appendicular skeleton.

Statistical analysis
Descriptive statistics and survival analysis were carried out
with R v. 3.6.3 (R Project for Statistical Computing, Austria).
The continuous variables were summarized by means and
standard deviations (SDs). Categorial variables were sum-
marized as counts and percentage frequencies with asso-
ciations tested using a chi-squared test or Fisher's exact

Fig. 1
STROBE flowchart of patients with high-grade central conventional
osteosarcoma of the appendicular skeleton selected for inclusion.
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test. A univariate Cox proportional hazards regression model
was performed to assess the OS and covariates of interest
(dependent with one explanatory variable). In some cases, Cox
models could not be fit because of the lack of events in one
or more categories or missing datasets; in those instances,
variables were dropped for the regression, leaving us with 63
regressed observations. Furthermore, the Fisher's exact test
was used to assess whether the proportions of events were
the same between groups. Subsequently, the multivariate
Cox proportional hazard regression model (adjusted with all
explanatory variables) was conducted, followed by a repea-
ted stepwise multivariate Cox proportional hazard regression
model for most essential variables with differences considered
statistically significant at p < 0.05. The Kaplan-Meier curves
were employed to test patients' survival rates in different
groups. The starting point was time from diagnosis to time to
event (death). Posthoc sample size calculations were under-
taked using Stata v. 18 (StataCorp, USA). The posthoc analysis
estimated that the available n = 77 and α err prob = 0.05, β
err prob = 0.2 could detect medium effect sizes (δ) of at least
1.7908 about 80% of the time.

Results
Patient-related factors
The median patient age was 19 years (interquartile range
(IQR) 14.0 to 27.0; range 8.00 to 61.0), with an almost equal
distribution between males and females (49.4% vs 50.6%)
(Table I). Age and sex were not significantly associated with
the three-year OS (p = 0.636, Fisher's exact test) and (p = 0.430,
Fisher's exact test), respectively. However, in the multivari-
ate Cox regression, increasing age emerged as a significant
predictor, reducing the likelihood of mortality by 4% (hazard
ratio (HR) 0.96; 95% CI 0.92 to 0.99; p < 0.021) at three-year
follow-up (Figure 2A). Serum albumin (Alb) was normal in
47 patients (61.8%) and decreased in 29 (38.2%). However,
albumin was not a predictor of three-year OS (p = 0.087).
The medians for the duration of symptoms and days from
presentation to diagnosis were five months (IQR 3 to 7; range
0.00 to 73.0) and 12 days (IQR 7 to 15; range 0 to 527), both
of which were not significantly associated with three-year OS
(p = 0.816 and p = 0.586), respectively. However, the duration
of symptoms of < five months was a significant predictor of

three-year OS, reducing the likelihood of mortality by 9% (HR
0.91; 95% CI 0.83 to 0.99; p < 0.037) (Figure 2B).

Tumour-related factors
Around the knee was the predominantly affected site,
especially the distal femur (n = 34; 44.2%) and proximal tibia
(n = 19; 24.7%) (Table II). Additional tumour sites were the
proximal humerus (n = 13; 16.9%) and other long bones (n =
11; 14.3%). However, tumour sites were not associated with
the three-year OS (p = 0.805, Fisher's exact test). Almost half of
the cohort presented with a pathological fracture at diagnosis
(n = 32; 49,4%), which was not associated with three-year
OS (p = 0.742, Fisher's exact test). Similarly, the median MRI
tumour volume of 455.5cm3 (IQR 241.6 to 969.5; range 36.50
to 14,489) was not associated with three-year OS (p = 0.141,
Fisher's exact test). However, large tumours were predominant
(n = 33; 50.8%), contrary to medium (n = 15; 23.1%) and small
(n = 17; 26.2%). An osteosarcoma histological subtype was not
associated with three-year OS (p = 0.936, Fisher's exact test),
albeit a predominant osteoblastic (n = 41; 53.2%), followed
by chondroblasts (n = 23; 32.5%) and other subtypes (n = 11;
14.3%).

Stage of disease
Notably, our cohort exhibited advanced disease (n = 45;
58.4%) presenting with metastases (i.e. Enneking stage III),
and this was significantly associated with the three-year OS
(HR 3.99; 95% CI 1.8 to 6.0; p < 0.001, Fisher's exact test)
(Figure 2C). In all, 33 of these patients (75%) were demised
within three years (Table III). In contrast, 36 patients (41.6%)
did not have metastasis (i.e. Enneking stage IIB), and 66.7%
(n = 22) were alive at three years. The lung was commonly
metastasized (n = 34; 44.2%), contrary to bone (n = 9; 11.7%),
liver (n = 1; 1.3%), and brain (n = 1; 1.3%). The metastatic site
was not associated with the three-year OS (p = 0.241, Fisher's
exact test).

The increased serum ALP was predominant (n = 41;
53.2%), contrary to decreased (n = 15; 19.5%), or normal (n =
21; 27.3%). In Cox multivariate regression, increased pre-treat-
ment ALP emerged as a significant predictor, increasing the
likelihood of mortality three-fold (HR 3.28; 95% CI 1.33 to
8.11; p < 0.010) (Figure 2D). In contrast, serum LDH was

Table I. Patient factors associated with overall survival of the central high-grade conventional osteosarcomas of the appendicular skeleton in South
African patients.

Patient-related factors Univariate analysis Multivariate analysis

Three-year survival Overall (n = 77) Alive (n = 33) Died (n = 44) p-value HR (95% CI), adjusted p-value
HR (95% CI),
stepwise p-value

Age, yrs, n (range); median (IQR)
77 (4.0 to 61.0); 19.0
(14.0 to 27.0)

33 (8.0 to 61.0); 19.0 (15.0
to 27.0)

44 (4.0 to 52.0); 19.0 (14.0
to 25.0) 0.636 0.96 (0.92 to 1.01) 0.106 0.96 (0.92 to 0.99) < 0.021*

Sex, female: male, n (%) 39 (50.6): 38 (49.4) 15 (45.5): 18 (54.5) 24 (54.5): 20 (45.5) 0.43 0.71 (0.28 to 1.83) 0.479 N/A N/A

Duration of symptoms, mnths, n
(range); median (IQR)

77 (0 to 73.0); 5.0 (3.0 to
7.0)

33 (0 to 18.0); 5.0 (3.0 to
6.0)

44 (0 to 73.0); 4.5 (3.0 to
7.3) 0.491 0.92 (0.82 to 1.02) 0.101 0.91 (0.83 to 0.99) < 0.037*

Presentation to diagnosis, days,
n (range); median (IQR)

77 (0 to 527); 12.0 (7.0 to
15.0)

33 (0 to 90.0); 10.0 (10.0 to
20.0)

44 (0 to 527); 12.0 (7.0 to
15.0) 1.01 (1.00 to 1.02) 0.16 1.01 (1.00 to 1.02) 0.092

Serum albumin group, normal:
decreased, n (%) 24 (72.7): 9 (27.3) 23 (53.5): 20 (46.5) 47 (61.8): 29 (38.2) 0.087 N/A N/A N/A N/A

*Statistical significance.
CI, confidence interval; HR, hazard ratio; N/A, not applicable.
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predominantly decreased (n = 50; 65.8%) than increased (n =
15; 19.7%) or normal (n = 11; 14.5%), and was not associated
with three-year OS (p = 0.449).

Treatment-related factors
In all, 66 patients (68%) were available at three-year follow-
up; this was not significant (p = 0.342) (Table IV). The rea-
sons for loss to follow-up include seeking a second opinion,
traditional medicine, refusal of amputation, or intolerance to
chemotherapy. Therefore, 25 patients (32.5%) were available
for curative treatment strategy; of those, 19 (57.6%) were
still alive at three-year follow-up. Furthermore, there was a
significant association between curative treatment and the
three-year OS (HR 0.18; 95% CI 0.09 to 0.34; p < 0.001) (Figure

2E). On the other hand, 42 patients (54.4%) were available for
palliative treatment strategy; of those, 34 (77.3%) died within
three years. In the Cox multivariate regression, there was a
seven-fold increase in mortality in patients treated palliatively
within three years (HR 7.27; 95% CI 2.69 to 19.70; p < 0.001)
(Figure 2F).

Overall, 52 patients (68%) had definitive surgery, which
was not associated with the three-year OS (p = 0.182, Fisher's
exact test). However, in the Cox multivariate regression,
definitive surgery decreased the likelihood of mortality by
89% (HR 0.11; 95% CI 0.03 to 0.38; p < 0.001) at three-year
follow-up (Figure 2G). Amputation procedures were predomi-
nant at 58.4% (n = 45), with a three-fold increase in mortality
within three years (HR 3.71; 95% CI 1.12 to 12.25; p < 0.032)

Fig. 2
Prognostic factors for overall survival of conventional osteosarcoma in South Africa. a) Osteosarcoma age; (b) osteosarcoma duration of symptoms;
c) osteosarcoma metastasis at diagnosis; d) osteosarcoma serum alkaline phosphatase in units per litre; e) osteosarcoma curative strategy; f )
osteosarcoma palliative strategy; g) osteosarcoma amputations; and h) osteosarcoma definitive surgery.
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(Figure 2H). Lastly, the treatment was adjuvant chemotherapy
at 75.3% (n = 58); however, this was not associated with OS (p
= 0.066) at a three-year follow-up.

Event-free and overall survival
The Kaplan-Meier median survival time was 24 months, with
an OS of 57.1% (44 events/deaths) at a three-year follow-up.
There were non-significant differences between the projected
five-year event-free survival (EFS) of 10.28% (58 events) and OS
of 29.78% (HR 0.76; 95% CI 0.52 to 1.12; p = 0.128) (Figure 3).

Discussion
This retrospective, cross-sectional study interrogated the OS
and predictive factors of poor prognosis central high-grade

COS of the limbs in South African patients. Our overall
patients' clinical characteristics of COS grossly mirror those
exhibited globally, but discordances are observed.4–11,17,20,21 For
instance, our osteosarcoma failed to exhibit bimodal distri-
bution. We observed that a single peak median age of 19
years (IQR 14.0 to 27.0) is similar to that previously repor-
ted in HICs.4,20,21 Cole et al4 and Duong et al21 interrogated
the epidemiology of osteosarcoma and emphasized bimodal
distribution with an increased incidence rate in the second
decade of life. In our series, increasing age was protective,
reducing the likelihood of mortality by 4%. In contrast, Huang
et al20 noted an increased risk of mortality in patients over the
age of 22 years. This finding should, however, be interpreted
cautiously amid the small sample size and the small number

Table II. Primary tumour factors associated with overall survival of the central high-grade conventional osteosarcomas of the appendicular skeleton
in South African patients.

Patient-related factors Univariate analysis Multivariate analysis (stepwise regression)

Three-year survival Overall (n = 77) Alive (n = 33) Died (n = 44) p-value HR (95% CI) adjusted p-value

Tumour location, n (%) 0.805

Proximal tibia 19 (24.7) 9 (27.3) 10 (22.7) 1.87 (0.59 to 5.94) 0.289

Distal femur 34 (44.2) 15 (45.5) 19 (43.2) 1.04 (0.35 to 3.09) 0.944

Other 11 (14.3) 5 (15.2) 6 (13.6) 0.66 (0.15 to 2.80) 0.568

Pathological fracture, n (%) 0.742 1.08 (0.46 to 2.50) 0.865

No 39 (50.6) 16 (48.5) 23 (52.3)

Yes 38 (49.4) 17 (51.5) 21 (47.7)

MRI volume grouped in percentiles, cm3, n %) 0.141 N/A N/A

Small < 25% 17 (26.2) 11 (37.9) 6 (16.7)

Medium 25 to 75% 15 (23.1) 5 (17.2) 10 (27.8)

Large > 75% 33 (50.8) 13 (44.8) 20 (55.6)

Histological subtype group, n (%) 0.936 N/A N/A

Osteoblastic 41 (53.2) 18 (54.5) 23 (52.3)

Chondroblastic 25 (32.5) 10 (30.3) 15 (34.1)

Other 11 (14.3) 5 (15.2) 6 (13.6)

CI, confidence interval; HR, hazard ratio; N/A, not applicable.

Table III. Factors relating to the stage of disease associated with overall survival of the central high-grade conventional osteosarcomas of the
appendicular skeleton in South African patients.

Patient-related factors Univariate analysis Multivariate analysis (stepwise regression)

Three-year survival
Overall (n = 77), n
(%)

Alive (n = 33), n
(%)

Died (n = 44), n
(%) p-value

HR (95% CI)
adjusted p-value HR (95% CI) p-value

Metastasis present at diagnosis,
no: yes

  32 (41.6): 45
(58.4)

  22 (66.7): 12
(33.3)

  10 (25.0): 33
(75.0)

< 0.001* 3.68 (0.36 to 37.54) 0.272 2.02 (0.86 to
4.76)

0.107

Site of metastasis grouped, lung
only: multiple

  33 (75.0): 11
(25.0)

  10 (90.9): 1 (9.1)   23 (69.7): 12
(30.3)

0.241 N/A N/A N/A N/A

Enneking staging, IIB: III   32 (41.6): 45
(58.4)

  22 (66.7): 12
(33.3)

  10 (25.0): 33
(75.0)

< 0.001* 3.68 (0.36 to 37.54) 0.272 2.02 (0.86 to
4.76)

0.107

Serum alkaline phosphatase,
normal: increased: decreased

  13 (39.4): 13
(39.4): 7 (21.2)

  8 (18.2): 28
(63.6): 8 (18.2)

  15 (19.5): 41
(53.2): 15 (19.5)

0.071 2.07 (0.54 to 7.89) 0.287 3.28 (1.33 to
8.11)

< 0.010*

Serum lactate dehydrogenase,
normal: increased: decreased

  4 (12.1): 26
(78.8): 3 (9.1)

  7 (16.3): 24
(55.8): 12 (27.9)

  11 (14.5): 50
(65.8): 15 (19.7)

0.079 N/A N/A N/A N/A

CI, confidence interval; HR, hazard ratio; N/A, not applicable.
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of patients aged over 30 years. A larger sample size could
redefine the cut-off of age for our osteosarcoma presentation
or peak age distribution.

Another discordance is that 58.4% of patients
presented with metastases or Enneking stage III. In contrast,
the figures reported globally that approximately 20% of
patients have detectable metastases at presentation.8-10 Our
findings align with South African results that found metasta-
ses in 48%, 67%, and 80% of cases at presentation, respec-
tively.12-14 The question thus arises: why is there such a high
rate of metastases at presentation in this geographical region?
Delayed clinical presentations could be the main factor.14,22

In the KwaZulu-Natal province, Phillias et al22 presented a
median duration of symptoms of four months. In our series,
there was a somewhat longer delay to presentation, with the
median duration of symptoms being five months (IQR 3 to
7). This is comparable to the 4.5 months reported by Lisenda
et al,14 when they retrospectively reviewed 61 patients with
osteosarcomas. Previous investigators from LMIC have raised
socioeconomic inequalities, inadequate referral systems, and
poor access to quality healthcare as the main contributing
factors; however, this is yet to be analyzed rigorously.12-16 Our

median duration of symptoms of less than five months was
associated with a decreased likelihood of mortality by 9%.
In contrast, Lawrenz et al23 found an improved chance of
survival with a longer duration of symptoms. While this may
seem counterintuitive, it can be explained by the concept that
less aggressive or lower-grade tumours may grow slower and
thus be detected or cause symptoms later. However, in our
case, this seems an unlikely explanation for the delay in the
presentation when considering the high rate of metastasis
at 58.4%. The long duration of symptoms in our series likely
resulted from socio-economic and/or healthcare system-rela-
ted reasons than low-grade malignancies.

The high rate of metastases (i.e. Enneking stage III) is
reflected in the impoverished OS observed, with a median
of two years, and OS at 57.1% at three-year follow-up. Our
projected five-year EFS of 10.28% and OS of 29.78%, respec-
tively. Our OS compares poorly to Western countries, with
five-year OS 60% to 70% globally.9-11 The latter survival rates
are yet to be replicated in LMIC.12-16 The RSA survival results, as
reported previously by Hart et al,12 Shipley et al,13 and Lisenda
et al,14 were 58%, 53%, and 38%, respectively. Meanwhile,
in Cambodia, as outlined by Noor et al,15 the osteosarcoma

Fig. 3
Kaplan-Meier event-free survial (EFS) and overall survival (OS) of osteosarcoma single centre within South Africa population.

Table IV. Treatment-related factors associated with overall survival of high-grade conventional osteosarcomas of the appendicular skeleton in South
African patients.

Treatment factors Univariate analysis Multivariate analysis (stepwise regression)

Three-year survival Overall (n = 77), n (%) Alive (n = 33), n (%) Died (n = 44), n (%) p-value HR (95% CI), uadjusted p-value HR (95% CI), adjusted p-value

Curative, no: yes   52 (67.5): 25 (32.5)   14 (42.4): 19 (57.6)   38 (86.4): 6 (13.6) < 0.001* 0.41 (0.06 to 2.71) 0.352 N/A N/A

Palliative, no: yes   35 (45.5): 42 (54.5)   25 (75.8): 8 (24.2)   10 (22.7): 34 (77.3) < 0.001* 4.09 (0.87 to 19.19) 0.074 7.27 (2.69 to 19.70) < 0.001*

Definitive surgery performed,
no: yes   25 (32.5): 52 (67.5)   8 (24.2): 25 (75.8)   17 (38.6): 27 (61.4) 0.182 0.13 (0.03 to 0.58) 0.008* 0.11 (0.03 to 0.38) < 0.001*

Limb ablation, no: yes   32 (41.6): 45 (58.4)   15 (45.5): 18 (54.5)   17 (38.6): 27 (61.4) 0.548 3.77 (0.83 to 17.22) 0.087 3.71 (1.12 to 12.25) < 0.032*

Adjuvant chemotherapy, no:
yes   19 (24.7): 58 (75.3)   11 (33.3): 22 (66.7)   8 (18.2): 36 (81.8) 0.127 0.36 (0.09 to 1.38) 0.135 0.39 (0.14 to 1.06) 0.066

Lost to follow-up, no: yes   66 (85.7): 11 (14.3)   N/A   N/A 0.342 N/A N/A N/A N/A

*Statistical significance.
CI, confidence interval; HR, hazard ratio.
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five-year survival rate is as low as 8%. In addition, our
increased pre-treatment ALP was associated with a three-fold
increase in the likelihood of mortality. This is in keeping with
two previous meta-analyses that have also identified elevated
ALP as an unfavourable predictor for osteosarcoma survival
outcomes.24,25 26,27

Traditionally, the mainstay osteosarcoma treatment has
been chemotherapy and wide tumour surgical resection of
all sites,8,28 a curative treatment strategy in our context with
32.5% (n = 25) treated like this. Of those, 57.6% (n = 19) were
still alive at a three-year follow-up. There was a significant
association between curative treatment and the three-year OS
(p < 0.001). This treatment strategy has imparted 60% to 70%
of five-year overall survival globally.9-11 In our study, curative
treatment and definitive surgery conferred a beneficial effect
on OS. Furthermore, Kager et al8 treated 202 patients with
metastatic osteosarcomas at diagnosis and noted that the
completeness of surgical resection of all tumour sites proved
beneficial for overall survival. In the same vein, our definitive
surgery was significantly predictive, decreasing the likelihood
of mortality by 89%. The recent meta-analyses by Abdelga-
wad et al24 and Papakonstantinou et al25 suggested that
limb salvage surgery (LSS) imparts better OS and functional
outcomes and is more socially acceptable than amputation.
In high-income settings, the LSS rate is > 80%.24,25,29 On the
contrary, our amputation rate was 58.4%; amputations had a
three-fold increased risk of mortality within three years (HR
3.71; 95% CI 1.12 to 12.25; p < 0.032, Fisher's exact test). Again,
selection bias as a confounding factor may play a role, such as
advanced local disease requiring amputation.

The remainder of the cohort was treated palliatively
(n = 42; 54.5%); of those, 34 (77.3%) were demised within
three years. In the palliative cohort, the mortality rate was
seven times within three years. However, selection bias needs
to be considered. The indications for a palliative strategy in
this series were multiple extensive lung metastases, multiple
sites metastasis, poor response to chemotherapy, and refusal
of surgical treatment, especially amputation, which remains
socially unacceptable in our clinical setting. Monsereenusorn
et al30 noted treatment refusal and abandonment as bottle-
necks to improving the overall survival of osteosarcomas in
Southeast Asia.

There are numerous limitations to this study. The
small sample size is a significant shortcoming, and our
findings should be interpreted cautiously. The retrospective
nature of the data collection meant that we could only
analyze some possible factors that may have a bearing
on the prognosis. Several cases were lost to follow-up,
which precluded longer-term longitudinal prognostication.
In our clinical environment, numerous contributory fac-
tors exist for patients' loss of follow-up, including refus-
ing treatments, especially amputation, seeking alternative
traditional medicines, socio-economic factors, and intolerance
of chemotherapy drugs.

In conclusion, in this series of high-grade conventional
osteosarcoma of the appendicular skeleton from South Africa
of the single centre at a three-year minimum follow-up, 58.4%
of cases had detectable metastases at presentation. The OS
were 57.1% at three years and 29.8% at five years. More
studies are needed to confirm the survival rate and prognostic

factors in LMICs, and to determine the possible reasons for the
apparent inferior outcomes in relation to other regions.

References
1. Fletcher CDM, Unni KK, Mertens F (eds). World Health Organization

Classification of Tumours. Pathology and Genetics of Tumours of Soft Tissue
and Bone. Lyon: IARC Press, 2002: 1–36.

2. Klein MJ, Siegal GP. Osteosarcoma: anatomic and histologic variants.
Am J Clin Pathol. 2006;125(4):555–581.

3. Pillay Y, Ferreira N, Marais L. Primary malignant bone tumours:
Epidemiological data from an orthopaedic oncology unit in South
Africa. SA orthop j. 2016;15(4):12–16.

4. Cole S, Gianferante DM, Zhu B, Mirabello L. Osteosarcoma: a
surveillance, epidemiology, and end results program-based analysis
from 1975 to 2017. Cancer. 2022;128(11):2107–2118.

5. No authors listed. Survival rates for osteosarcoma. American Cancer
Society. https://www.cancer.org/cancer/types/osteosarcoma/
detection-diagnosis-staging/survival-rates.html (date last accessed 21
February 2024).

6. Arora RS, Alston RD, Eden TOB, Geraci M, Birch JM. The contrasting
age-incidence patterns of bone tumours in teenagers and young adults:
implications for aetiology. Int J Cancer. 2012;131(7):1678–1685.

7. Niu X, Xu H, Inwards CY, et al. Primary bone tumors: epidemiologic
comparison of 9200 patients treated at Beijing Ji Shui Tan Hospital,
Beijing, China, with 10 165 patients at Mayo Clinic, Rochester, Minnesota.
Arch Pathol Lab Med. 2015;139(9):1149–1155.

8. Kager L, Zoubek A, Pötschger U, et al. Primary metastatic osteosar‐
coma: presentation and outcome of patients treated on neoadjuvant
cooperative osteosarcoma study group protocols. J Clin Oncol. 
2003;21(10):2011–2018.

9. Tsuda Y, Tsoi K, Parry MC, et al. Impact of chemotherapy-induced
necrosis on event-free and overall survival after preoperative MAP
chemotherapy in patients with primary high-grade localized osteosar‐
coma. Bone Joint J. 2020;102-B(6):795–803.

10. Smeland S, Bielack SS, Whelan J, et al. Survival and prognosis with
osteosarcoma: outcomes in more than 2000 patients in the EURAMOS-1
(European and American Osteosarcoma Study) cohort. Eur J Cancer. 
2019;109:36–50.

11. Friebele JC, Peck J, Pan X, Abdel-Rasoul M, Mayerson JL. Osteosar‐
coma: a meta-analysis and review of the literature. Am J Orthop (Belle
Mead NJ). 2015;44(12):547–553.

12. Hart H, Parkes JD. Long-term outcomes in osteosarcoma patients in
the groote schuur hospital patient population: a retrospective review. S
Afr J oncol. 2017;1:6.

13. Shipley J, Beukes C. Outcomes of osteosarcoma in a tertiary hospital.
SA Orthop J. 2012;11:18–22.

14. 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):754–757.

15. Noor S, Thornormóðsson HS, Zervas CT, Ly T, Gollogly J. Limb versus
life: the outcomes of osteosarcoma in Cambodia. Int Orthop. 2014;38(3):
579–585.

16. Nathan SS, Healey JH. Making a case for the socioeconomic determi‐
nacy of survival in osteosarcoma. Clin Orthop Relat Res. 2013;471(3):784–
791.

17. Xin S, Wei G. Prognostic factors in osteosarcoma: a study level meta-
analysis and systematic review of current practice. J Bone Oncol. 2020;21:
100281.

18. Enneking W, Dunham W, Gebhardt M, Malawar M, Pritchard D. A
system for the classification of skeletal resections. Chir Organi Mov. 
1990;75(1 Suppl):217–240.

19. Shin K-H, Moon S-H, Suh J-S, Yang W-I. Tumor volume change as a
predictor of chemotherapeutic response in osteosarcoma. Clin Orthop
Relat Res. 2000;376(376):200–208.

20. Huang Y, Wang C, Tang D, Chen B, Jiang Z. Development and
validation of nomogram-based prognosis tools for patients with
extremity osteosarcoma: a seer population study. J Oncol. 2022;2022:
9053663.

216 Bone & Joint Open  Volume 5, No. 3  March 2024

https://www.cancer.org/cancer/types/osteosarcoma/detection-diagnosis-staging/survival-rates.html
https://www.cancer.org/cancer/types/osteosarcoma/detection-diagnosis-staging/survival-rates.html


21. Duong LM, Richardson LC. Descriptive epidemiology of malignant
primary osteosarcoma using population-based registries, United States,
1999-2008. J Registry Manag. 2013;40(2):59–64.

22. Phillias S, Ngcelwane M, Marais L. Tumour volume as a predictor of
metastases in patients presenting with high-grade conventional
osteosarcoma of the extremities. SA Orthop J. 2020;19:223–228.

23. Lawrenz JM, Styron JF, Parry M, Grimer RJ, Mesko NW. Longer
duration of symptoms at the time of presentation is not associated with
worse survival in primary bone sarcoma. Bone Joint J. 2018;100-B(5):652–
661.

24. Abdelgawad MA, Parambi DGT, Ghoneim MM, et al. A meta-analysis
comparing efficiency of limb-salvage surgery vs amputation on patients
with osteosarcoma treated with neoadjuvant chemotherapy. Int Wound
J. 2022;19(7):1616–1624.

25. Papakonstantinou E, Stamatopoulos A, I Athanasiadis D, et al. Limb-
salvage surgery offers better five-year survival rate than amputation in
patients with limb osteosarcoma treated with neoadjuvant chemother‐
apy. A systematic review and meta-analysis. J Bone Oncol. 2020;25:
100319.

26. Ren H-Y, Sun L-L, Li H-Y, Ye Z-M. Prognostic significance of serum
alkaline phosphatase level in osteosarcoma: a meta-analysis of
published data. Biomed Res Int. 2015;2015:160835.

27. Hao H, Chen L, Huang D, Ge J, Qiu Y, Hao L. Meta-analysis of alkaline
phosphatase and prognosis for osteosarcoma. Eur J Cancer Care (Engl). 
2017;26(5):e12536.

28. Grimer RJ, Taminiau AM, Cannon SR, Surgical Subcommitte of the
European Osteosarcoma Intergroup. Surgical outcomes in osteosar‐
coma. J Bone Joint Surg Br. 2002;84-B(3):395–400.

29. Han G, Bi W-Z, Xu M, Jia J-P, Wang Y. Amputation versus limb-salvage
surgery in patients with osteosarcoma: a meta-analysis. World J Surg. 
2016;40(8):2016–2027.

30. Monsereenusorn C, Alcasabas AP, Loh AHP, et al. Impact of
treatment refusal and abandonment on survival outcomes in pediatric
osteosarcoma in Southeast Asia: a multicenter study. Pediatr Blood
Cancer. 2022;69(4):e29556.

Author information
P. G. Mthethwa, MBCHB, MMED Orth (UKZN), H.dip Orth (SA),
FC Orth (SA), Consultant of Bone Tumours, Sepsis, and Limb
Reconstruction,
Department of Orthopaedic Surgery, Dr Pixley Ka Isaka Seme
Memorial Hospital, University of KwaZulu-Natal, Nelson Mandela
School of Clinical Medicine, Durban, South Africa.

L. C. Marais, MBCHB, MMED Orth (Pret), FC Orth (SA), PhD,
Professor & Consultant of Bone Tumours, Sepsis, and Limb
Reconstruction, Academic Head of Department of Orthopaedic
Surgery, Nelson Mandela School of Clinical Medicine, College
of Health Sciences, University of KwaZulu-Natal, Durban, South
Africa.

C. M. Aldous, PhD, Scientist, Department of Clinical Medicine,
School of Clinical Medicine, College of Health Sciences, University
of KwaZulu-Natal, Durban, South Africa.

Author contributions
P. G. Mthethwa: Conceptualization, Formal analysis, Investigation,
Methodology, Project administration, Writing – original draft.
L. C. Marais: Conceptualization, Methodology, Writing – original
draft.
C. M. Aldous: Conceptualization, Supervision, Writing – review &
editing.

Funding statement
The author(s) received no financial or material support for the
research, authorship, and/or publication of this article.

ICMJE COI statement
The authors have no conflicts of interest to declare.

Data sharing
The datasets generated and analyzed in the current study are not
publicly available due to data protection regulations. Access to
data is limited to the researchers who have obtained permission
for data processing. Further inquiries can be made to the
corresponding author.

Acknowledgements
We want to acknowledge our statistical analysis team (Analytics
Consultina), at http://www.analytics-consultina.com.

Ethical review statement
The study was conducted per the Declaration of Helsinki
and approved by the University of KwaZulu-Natal Biomedical
Research Ethics Committee (protocol code BREC/00002737/2021
on 31 August 2021).

Open access funding
The authors report that the open access funding for this
manuscript was self-funded.

© 2024 Mthethwa et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution Non-
Commercial No Derivatives (CC BY-NC-ND 4.0) licence, which
permits the copying and redistribution of the work only, and
provided the original author and source are credited. See https://
creativecommons.org/licenses/by-nc-nd/4.0/

Prognostic factors for overall survival of conventional osteosarcoma of the appendicular skeleton
P. G. Mthethwa, L. C. Marais, C. M. Aldous

217

http://www.analytics-consultina.com
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

	Prognostic factors for overall survival of conventional osteosarcoma of the appendicular skeleton
	Introduction
	Methods
	Patients’ data and research design
	Outcome measure
	Statistical analysis

	Results
	Patient-related factors
	Tumour-related factors
	Stage of disease
	Treatment-related factors
	Event-free and overall survival

	Discussion


