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Abstract

Background The survival rates for children and adolescents with osteosarcoma in low-income countries are

poor. Insufficient data regarding the challenges of managing osteosarcoma in resource-limited settings has been
published. We evaluated the treatment of osteosarcoma in children and adolescents with the aim of improving the
health system and management outcomes.

Methods We sourced data on children under 18 years treated for osteosarcoma at the Uganda Cancer Institute
between January 2016 and December 2020. Descriptive statistics and Kaplan-Meier survival analysis were used.

Results Seventy-four osteosarcoma cases were identified, with a median age of 13 years (IQR 9.8-15). Referrals were
made after a median of 28 days (range 1-147). Before appropriate referral, more than a quarter (26%) had undergone
invasive procedures that could compromise tumour integrity and outcome. Half (50%) of the patients had metastatic
disease at diagnosis, primarily to the lungs (n=43; 92%). Only 14 (33%) patients received neoadjuvant chemotherapy.
Forty-three (58.1%) patients underwent limb amputation surgery, including 25 localized tumours and 18 patients with
distant metastatic disease. No metastatectomies were performed. Adjuvant chemotherapy was delayed for longer
than 21 days in 26 (61%) patients. No pathology reports described the status of resection margins or the degree of
chemotherapy-induced necrosis. Twenty-six (35%) patients abandoned treatment, mainly due to pending radical
surgery (n=18/26;69%). Only 18% (n=13) were still alive; 46% (n=34) had died; and 37% (n=27) had an unknown
status. The median overall survival was 1.1 years, and was significantly negatively affected by disease metastasis,
timing of adjuvant therapy, and treatment abandonment.

Conclusions Osteosarcoma outcomes for children and adolescents at the Uganda Cancer Institute are extremely
poor. The quality of care can be improved by addressing delayed referrals, high rates of prior manipulative therapy,
metastatic disease, treatment abandonment, surgical challenges, and delayed resumption of adjuvant chemotherapy.
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Background

Osteosarcoma is the most prevalent primary malignancy
of bone in children and young adolescents [1]. It accounts
for approximately 60% of all malignant bone tumours
diagnosed before young adulthood with the peak inci-
dence in puberty [2]. In low- and middle-income coun-
tries (LMICs) and Africa in particular, current literature
on osteosarcoma and other bone tumours is scarce, occa-
sioned by the lack of cancer registries in these settings
and the low priority given to surgical oncology in Africa
[3]. In Uganda, an early analysis of data from the 1960s is
limited to epidemiological data confirming osteosarcoma
as the most common primary malignant bone tumour
[4].

The last fifty years have witnessed tremendous evolu-
tion in the treatment of osteosarcoma and an improve-
ment in the survival rates of localized disease in
high-income countries (HICs) [5]. From a poor 20% five-
year survival in the 1950s, overall survival (OS) rates for
patients with localized osteosarcoma now exceed 70% in
HICs and 30% for those with metastatic disease [6-8].
Neoadjuvant chemotherapy-induced tumour necrosis
has facilitated successful limb-salvage surgery by reduc-
ing the extent of the surgical margin required for tumour
removal without compromising overall survival.

Similar advances in osteosarcoma treatment are not
replicated in LMICs, where a number of inherent chal-
lenges in osteosarcoma treatment contribute to poor
outcomes. Standard treatment regimens may not be
accessible or too toxic in these settings. In addition,
delayed and advanced disease presentation and the lack
of expertise and resources for limb-salvage surgery fre-
quently necessitate amputation, which is a common
cause of surgical refusal and treatment abandonment [9,
10].

For optimal outcomes, osteosarcoma management
avoids any invasive pre-surgical procedures that may
compromise the outcome and involves neoadjuvant
therapy, administered prior to surgery [11, 12], as well as
adjuvant chemotherapy, begun within 21 days of defini-
tive surgery [13, 14]. In addition, metastatectomies are
recommended when there are fewer than four metasta-
ses (if non-mutilating) [6, 15, 16]. It suffices to state that
assessing the surgical margin [17, 18] and the degree of
necrosis as a histological response to neoadjuvant che-
motherapy [19, 20] are critical, with prognostic implica-
tions in osteosarcoma treatment.

To date, there is a dearth of information in the literature
about the salient characteristics and inherent determi-
nants of treatment outcomes in children and adolescents
with osteosarcoma in resource-constrained settings, such
as Uganda. The absence of such context-specific data
may limit the prioritization and planning for improving
the quality of osteosarcoma disease management. The
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goal of the current study was to evaluate the treatment of
osteosarcoma in children and adolescents with the aim of
improving the health system landscape and management
outcomes.

Methods

Study design

This was a retrospective study involving a review of
records of children and adolescents aged below 18 years
with osteosarcoma treated at the Uganda Cancer Insti-
tute (UCI) between January 2016 and December 2020.
The UCI is Uganda’s only national reference cancer treat-
ment centre, treating nearly 80% of the children with
cancer in the country. Anecdotal estimates suggest that
around 15-20 of the approximately 500 new cancer cases
seen at the centre annually are osteosarcoma. Patients
with an uncertain or inconclusive diagnosis, incomplete
medical records lacking clinical details, or an alternative
diagnosis on histology review were excluded (Fig. 1).

Study procedure and data extraction

Individual patients’ data were extracted from the time
of cancer diagnosis to the date the patient was last seen
in the clinic or died. Demographic information (age and
sex/gender), duration of symptoms, pre-referral interven-
tions, tumour characteristics and stage of disease, patient
management, and clinical course and outcome were col-
lected. Where the participant’s status could not be ascer-
tained owing to a lack of documentation or default, a
phone call follow-up was made to the carer to enquire
and ascertain the child’s status.

Disease evaluation, staging and treatment

The diagnosis of osteosarcoma was made based on clini-
cal presentations and radiological findings and confirmed
by histological examination of tissue biopsy based on the
morphologic criteria defined by the World Health Orga-
nization (WHO) classification [21]. The primary site and
local extent of the tumour were assessed by a computed
tomography (CT) scan or plain X-ray in some cases
(where a CT scan was not accessible). The initial staging
workup included a CT scan of the chest and a skeletal
survey. Radionuclides technetium-99 m (Tc-99 m) scan
during staging was not available.

All children with osteosarcoma included in the study
were treated according to the local standard protocol,
which is based on a two-drug combination chemotherapy
regimen with Cisplatin and Adriamycin (AP) that does
not involve high-dose methotrexate. The chemothera-
peutic regimen entailed three courses of neoadjuvant
induction chemotherapy and two courses of adjuvant
maintenance chemotherapy administered every 21 days,
regardless of histologic response to chemotherapy [22].
Each course comprised a combination of cisplatin
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Records retrieved, n=92 Excluded, n=18 (19.6%):
— No histological confirmation =3
— Alternative diagnosis on histology
review=7
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Analysed, n=74 — Insufficient clinical data=6
|
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Alive, n=4 Died, n=20 Unknown, Alive, n=9 Died, n=13 Unknown,
(10.8%) (54.1%) n=13 (35.1%) (26.5%) (38.2%) n=12 (35.3%)

Fig. 1 Study profile

(100mg/m?) and doxorubicin (25 mg/m?). Interval radio-
logical evaluations were performed prior to surgery, and
individuals with resectable tumours were offered local
control, often radical surgery (amputation or disarticula-
tion). Physical examination, radiographic investigations,
and biopsy, where feasible and appropriate, were used to
confirm recurrences (local or systemic).

Clinical and outcome definitions

Manipulative therapy was defined as procedures that
would damage the tumour or compromise outcome,
including attempted incision and drainage, biopsy not
based on oncological principles and local therapeutic
cuttings over the tumour lesion with application of tradi-
tional medicines, among others.

Treatment refusal and abandonment were defined as
failure to initiate or complete treatment. This excluded
the decision of palliative treatment or discontinued treat-
ment due to toxicity by primary oncologists.

Opverall survival (OS) was defined as the time duration
from the date of diagnosis to death from any cause or to
the date the patient was last known to be alive.

Data management and statistical analysis

Data were analysed using the Statistical Package for
Social Sciences (SPSS) software package (SPSS for Win-
dows, Version 20.0, Chicago, SPSS Inc.). Descriptive
statistics for categorical variables were presented as fre-
quencies and percentages, while continuous variables
were summarized as mean with standard deviation if
normally distributed or median with interquartile range

if non-normally distributed. Median survival, with the
associated 95% confidence intervals (CI), was estimated
using the Kaplan-Meier method and compared using the
log-rank test [23]. Statistical significance at multivariate
analysis was defined as a p-value<0.05.

Results
Description of the study participants
During the study period, data for 74 children and adoles-
cents treated for osteosarcoma were analysed (Fig. 1).
The participants ranged from four to 17 years of age,
with a median age at diagnosis of 13.0 years (IQR 9.8—
15). The median time from onset of symptoms to presen-
tation to a health facility of first contact was 8.0 months
(range 4.0-24.0). It took a median of 28 days (range
1-147) for patients to be referred from the facilities of
first contact to the national reference cancer centre.
Over half (55.4%; n=41/74) were male, and 22 (29.7%)
had a preceding history of trauma. A quarter (25.7%;
n=19) had had manipulative therapy for their lesions
(invasive procedures such as local therapeutic cutting
with application of local herbs, and attempted incision
and drainage, that could compromise tumour integrity
and outcome) for their lesions before presenting to the
cancer treatment facility. The distal femur was the most
common site of primary tumour (44.6%, n=33). Meta-
static disease at the time of diagnosis was evident in 37
(50.0%) of the patients, 34 (91.9%) of which were pulmo-
nary metastases, two (5.4%) were bone metastases, and
one (2.7%) simultaneous pulmonary and liver metastases.
The histological subtype was available for only 30 (40.5%)
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Table 1 Baseline characteristics of children and adolescents with
osteosarcoma (n=74)
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Table 2 Treatment characteristics and clinical outcomes of
children and adolescents with osteosarcoma (n=74)

Variable Median IQR Variable n %

Age (years) 13.0 98-150 Chemotherapy

Duration of symptoms (months) 8.0 40-240 Yes 62 83.8

Time to referral (days) 28 1.0-147 No 12 16.2

Variable n % Surgery

Sex Yes 43 58.1
Male 41 554 No 31 419
Female 33 446 Timing of surgery

History of trauma Upfront 29 674
Yes 22 29.7 After neo-adjuvant chemotherapy 14 326
No 52 703 Timing of adjuvant chemotherapy

Prior manipulative therapy4 <21 days 12 316
Yes 19 25.7 >21 days 26 684
No 55 743 Treatment progress

Site of the primary tumour Completed treatment 37 50.0
Distal femur 33 446 Abandoned treatment 26 35.1
Proximal tibia 15 203 Discharged on total palliation 11 14.9
Proximal humerus 12 16.2 Clinical outcome
Other 14 189 Alive 13 17.6

Extent at diagnosis Died 49 66.2
Localized 34 459 Unknown 12 16.2
Metastatic 37 50.0
Unknown 3 41 had distant metastatic disease. No metastatectomies

Site of metastasis were performed for the patients with metastatic disease,
Lung 34 91.9 and none of the patients had a post-surgical pathology
Bone 2 54 report describing the status of the resection margins or
Lung & liver 1 27 the degree of chemotherapy-induced necrosis. More than

Histological subtypes two-thirds (68.4%, n=26) of the patients who underwent
Osteoblastic 16 216 surgery had delayed resumption of adjuvant chemother-
Chondroblastic 7 95 apy of more than 21 days following definitive surgery,
Fibroblastic 7 95 which was timely (within <21 days of surgery) in only 12
Not sub-typed 44 594 (31.6%) of the patients. The delay in adjuvant chemother-

IManipulative therapy was defined as procedures that would damage the
tumour or compromise outcome, including attempted incision and drainage,
and local therapeutic cuttings over the mass with application of traditional
medicines, among others

of the cases, while a substantial proportion of histologi-
cal diagnoses were simply reported as osteosarcoma,
without subtype specification. Overall, 16 (21.6%) of the
patients had osteoblastic osteosarcoma (Table 1).

Treatment characteristics and clinical outcomes

The majority, 62 (83.8%) of the patients, received chemo-
therapy, and only 43 (58.1%) had surgical resection (local
control). Forty-two (97.7%) of the surgeries were radical
surgery (amputation or disarticulation), and only one
patient (2.3%) had had limb salvage surgery. Among those
who underwent surgical tumour resection, 29 (67.4%)
were upfront surgeries, typically before being referred
to the cancer treatment centre, and 14 (32.6%) were per-
formed after pre-operative courses of chemotherapy.
Twenty-five (58.1%) of the patients who had surgical
resection had localized tumours, and 18 (41.9%) patients

apy was highest among patients who had upfront surgery
(75.9%; n=22/29) compared to those who received neo-
adjuvant chemotherapy (28.6%; n=4/14). Overall, 50.0%
(37/74) of the patients completed their course of initial
chemotherapy treatment, 35.1% (26/74) abandoned treat-
ment, and 14.9% (11/74) were discharged from therapy
on total palliation because of disease progression with
no possibility of cure. Twelve (32.4%) of the patients with
metastatic disease refused or abandoned treatment, while
11 (29.7%) were palliated, two of whom were upfront. Of
the 74 participants analysed, only 13 (17.6%) were alive
at the time of this analysis, 34 (45.9%) had died, and 27
(36.5%) had been lost to follow-up, and their status could
not be ascertained (Table 2).

Survival outcomes

The median follow-up time from the time of cancer diag-
nosis was 9.9 months (IQR 4.3-17.5). The median OS
was 1.1 years (95% CI 0.5-1.7), while the two- and five-
year probabilities of OS were 28% and 18%, respectively
(Fig. 2).
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Fig. 2 Overall survival curves for children aged<18 years with
osteosarcoma

Table 3 Median survival for children and adolescents with
osteosarcoma by key identified quality of care factors

Variable Median 95%Cl  p-
survival¥ value
Overall survival 1.8 14-22 -
Manipulative therapy
Yes 1.0 08-13 0961
No 1.8 13-22
Metastatic disease at diagnosis
Yes 1.1 0.1-2.1 0.009
No -
Upfront surgery
Yes 1.8 1.7-18 0273
No 2.1 06-3.5
Timing of adjuvant chemotherapy
<21 days 2.8 1.4-4.1 0.004
>21 days 1.0 04-17
Treatment abandonment
Yes 0.8 04-13  0.006
No 19 14-2.5

¥, survival in years

Metastatic disease at diagnosis (p=0.009), delayed
resumption of adjuvant chemotherapy (p=0.004), and
abandonment of treatment (p=0.006), resulted in sta-
tistically significantly lower median survivals. Like-
wise, patients who received prior manipulative therapy
(p=0.961) and up-front surgery (p=0.273) had lower
median survivals compared to those who did not receive
manipulative therapy and those who received pre-sur-
gical chemotherapy, respectively, although these differ-
ences did not reach statistical significance (Table 3).

Discussions

This study is the first review to characterize the manage-
ment limitations and outcomes in Ugandan children and
adolescents diagnosed with osteosarcoma. It demon-
strates several important considerations for improving
the quality of care at two levels that negatively impact
survival: i). the pre-hospital level, encompassing delay in
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patient referral and high rates of manipulative therapy,
and metastatic disease at diagnosis), and ii). In-hospital
and/or therapy-related level, encompassing high rate of
pre-chemotherapy surgical resection, high rate of treat-
ment abandonment, lack of diagnostic and post-surgical
histopathological assessments, lack of metastatic resec-
tion, and delay in adjuvant chemotherapy). In addition,
our study reveals much poorer treatment outcomes
among children and adolescents with osteosarcoma, with
a high mortality rate and low overall survival.

Children with osteosarcoma in the current study were
delayed in being referred from their facility of first con-
tact to the national cancer treatment facility. This finding
may not be surprising, and delayed referrals for children
with cancer in LMICs have variously been reported [24].
This could be attributed to a lack of knowledge and a low
index of suspicion among first-level health personnel,
leading to unnecessary and often inappropriate attempts
to manage patients based on misdiagnosis. In fact, in this
study, over a quarter of the patients had manipulative
therapy of varying nature before coming to the paediatric
oncology centre. Dependence on alternative therapies,
including traditional therapy, delays proper diagnosis and
results in more advanced stages of disease at presentation
[25]. Also concerning is the fact that these procedures
pose a risk of damaging the tumour and forming micro-
metastasis due to hypervascularization [26—28]. This has
the potential to compromise the chances for limb salvage
surgery [26] and the overall patient outcome [28, 29]. It’s
thus necessary to raise community awareness and build
the capacity of first-level health practitioners and tradi-
tional healers.

We found a higher rate of clinically detectable meta-
static disease at diagnosis in our study population than
has been reported in HICs [6, 30] and in a study in South
Africa, an upper middle-income country [5]. The high
rate of metastasis as found in the current study is con-
cerning and could be due to poor health-seeking behav-
iour and delayed referral to the cancer treatment centre,
among other reasons. In the current study, the median
duration from onset of symptoms to presentation to a
health facility was eight months, and patients who first
presented to other facilities were later referred to the
UCI after a median of 28 days. The clinical implication of
the current study’s finding relates to the fact that disease
metastasis has an important bearing on survival in osteo-
sarcoma, and the negative impact of metastatic disease
in the current study was evidently clear. Patients with
metastatic disease had a lower OS rate than those with
localised disease, a finding consistent with other reports
[6, 31]. Two of these patients received total palliation
upfront, a decision based on their advanced disease stage
and poor clinical status, and a discussion with the multi-
disciplinary team and their families.
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None of the patients with metastatic disease in the cur-
rent study had metastatectomy, which is a significant gap.
There is evidence that the prognosis for patients with
metastatic disease is influenced by the surgical resect-
ability of metastatic disease, in addition to the metastatic
site, and the number of metastases [32]. In international
protocols, metastatectomies are encouraged when there
are fewer than four metastases (if non-mutilating), with
a complete metastatectomy being the best predictor
of survival in osteosarcoma patients with pulmonary
metastases. [6, 15, 16]. Patients with fewer pulmonary
and unilateral lesions are more amenable to metastatec-
tomy and are said to have a better prognosis compared
to those with multiple lesions or bilateral lung metastases
[6]. The majority of the metastases in the current study
were in the lung, bilateral, with multiple lesions — fea-
tures which make metastatic resection challenging, and
are likely to have exacerbated the poor outcomes in our
study population. While the foregoing is true, the lack of
surgical infrastructures in the study setting, just as is the
case in many resource-limited contexts, is a major chal-
lenge, and requires attention. Overall, in this study, lack
of local control was associated with a lower survival than
for patients who underwent local control (median surviv-
als of 0.8 versus 1.8 years, respectively).

Over two-thirds of our patient population had pre-
chemotherapy surgical resection, often amputation, per-
formed before referral to the cancer treatment facility,
at centres outside the UCI, and by individuals who may
not be specialized in osteosarcoma surgical manage-
ment. The improvement in survival among patients with
osteosarcoma seen to date is partly a result of the current
standard of care that involves pre-surgical (neo-adjuvant)
chemotherapy [12, 33]. The high mortality rate witnessed
in the 1970s when a surgery-only treatment approach
was used were mainly due to the rapid progression of
osteosarcoma due to micrometastases and lung metas-
tases. Preoperative chemotherapy is thus important in
the eradication of micrometastases and allows evaluation
based on the histological response to chemotherapy, one
of the most important predictors of the clinical outcome
of osteosarcoma [34-36]. Neoadjuvant chemotherapy
also results in a significantly higher margin negativity in
the post-surgical specimen, a lower rate of local recur-
rence [12], and as many as 80-85% limb salvage surgery
rates in HICs [33, 37, 38].

Another important finding in the current study is the
high treatment abandonment rate — much higher than
rates documented in other settings, including western
Uganda [39, 40], attesting to the observation that the risk
of treatment abandonment is high for bone sarcoma [41].
Although the reason for this may be multifaceted [39,
42], the lack of conservative surgery infrastructure neces-
sitating radical surgery (amputation or disarticulation),
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especially in resource-limited settings, could be an
important factor. In fact, over two-thirds of the patients
who abandoned treatment in the current study were
primed for amputation surgery. However, amputation
is a frightening scenario for most families that may sub-
stantially impact treatment discontinuation. This is rein-
forced by the phenomenon of the child falsely appearing
“cured” [39] following cycles of pre-surgical neoadjuvant
chemotherapy. This poses a major barrier to improving
outcomes among children with osteosarcoma in settings
with limited resources where curative treatment options
rely on radical surgery or amputation. As demonstrated
in the Philippines, having a patient navigator involved
with these patients from diagnosis throughout treatment
may significantly reduce abandonment rates [43], in addi-
tion to bridging the gaps in the pre-surgical counselling
process.

None of our patient population for whom surgical
tumour resection was done had a histological report on
the resection margin or the degree of chemotherapy-
induced necrosis - an important prognostic indicator in
modern-day treatment of patients with high-grade osteo-
sarcoma [19, 20]. Likewise, an adequate or wide resection
margin is associated with a lower risk of local recurrence
in osteosarcoma [17, 18]. While we did not explore the
reasons for this, we believe this could be partly attributed
to the fact that surgeries for children with osteosarcoma
are done outside of the UCI, and almost all patients are
managed with radical surgery. This calls for strengthen-
ing multidisciplinary management and coordination
among oncologists, surgeons, and pathologists.

There was a 64.3% reduction in the median survival
when the resumption of adjuvant chemotherapy was
delayed for more than 21 days compared to resumption
within 21 days after the definitive surgery. This is con-
cerning in light of a growing body of evidence showing
that timely resumption of adjuvant chemotherapy within
21 days following definitive surgery improves survival
in osteosarcoma [13, 14]. The notion that the actual
dose and time intensity delivered impacts the outcome
of osteosarcoma treatment has been used to explain
the prognostic significance of adjuvant chemotherapy
scheduling following definitive osteosarcoma surgery
[44]. Consequently, a lengthy delay before the resump-
tion of adjuvant chemotherapy after definitive surgery is
believed to compromise the overall dose intensity [13].
As Imran et al. [13] point out, concerns over wound heal-
ing and infection risk are important factors in developing
country environments, which make determining when to
resume chemotherapy difficult.

The limitation of this study lies in the challenge innate
to retrospective data, yet it serves as a motivation to stan-
dardize and improve clinical records at our institutions
and in other similar contexts. Nonetheless, the current
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study’s fundamental merit is that it represents the first
analysis of its kind in the country, laying the groundwork
for future quality considerations along the whole osteo-
sarcoma treatment pathway. The most important being
increased medical education to health workers regard-
ing timely referrals and avoiding detrimental medi-
cal procedures that compromise the outcome of cancer
management.

In conclusion, the overall outcome for children and
adolescents with osteosarcoma at the national reference
cancer treatment centre is unacceptably low compared to
developed countries. There is a need to bridge the quality
gaps in the treatment pathway, including strengthening
patient referral pathways for timely referrals, reducing
the rates of prior manipulative therapy, reducing treat-
ment abandonment, improving surgical and histopatho-
logical management, and improving the timeliness of
adjuvant chemotherapy.
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