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Abstract
Purpose Osteosarcoma (OS) is a serious disease affecting
mainly children and young adults. In a resource poor setting
the treatment options are limited and further obstacles can be
found with respect to late presenting pathology, access to
modern treatment modalities such as effective chemotherapy,
and cultural reluctance to undergo certain treatments. Clinical
outcome studies and epidemiology for this disease in devel-
oping countries are scarce.
Methods We report on the outcomes of 30 patients treated by
the CSC, a rehabilitative surgery centre in Cambodia, from
2002 to present. Enneking staging, location, and treatment
protocols were evaluated. Outcome measures were months
of survival, EDQ5S life quality scores and clinically relevant
inquiries. Kaplan-Meier analysis estimates and the Wilcoxon
chi-square test were used for statistical inferences.
Results We find a grim prognosis for patients diagnosed with
OS in Cambodia, 53 % survive the first year after presentation
and the five-year survival stands at 8 %. There is a higher
mean age for presentation of OS compared to Western norms,
namely, 18.8 years and 21.7 years for females and males,
respectively.
Conclusions Most patients opted for surgical treatment with-
out adjuvant chemotherapy, which is not within the means of

many Cambodian patients. Acceptance of amputation, earlier
diagnosis, patient education, and access to standardized che-
motherapy needs to be enhanced if Cambodian patients are to
have a fighting chance.
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Introduction

Osteosarcoma (OS), alternatively known as osteogenic sarco-
ma, is a diagnosis resulting in a battle of life and limb for any
patient, regardless of the health care setting they are in.
Unfortunately, since the advent of multi-agent chemotherapy
in the 1970s, little further improvement in this battle has been
made in improving overall prognosis of OS. Studies on prog-
nosis of OS are rare in developing countries. Treatment op-
tions are very limited in resource poor settings and there is far
less access to the more advanced treatment pathways available
in a developed healthcare system [1–4].

Cambodia is one of the poorer and more underdeveloped
countries in South-Eastern Asia, according to standardized
developmental indices [5]. The Children’s Surgical Centre
(CSC; www.csc.org), situated in the Kien Khleang
Rehabilitative Centre in the capital city, Phnom Penh, is an
NGO offering free rehabilitative surgery to those in need.
Over the last 12 years, the CSC has had an increasing

S. Noor (*) :H. S. Þormóðsson :C. T. Zervas : T. Ly : J. Gollogly
Children’s Surgical Center, Phnom Penh, Cambodia
e-mail: saqqqqq@gmail.com

H. S. Þormóðsson
e-mail: hjolliskorri@gmail.com

C. T. Zervas
e-mail: czervas@gmail.com

T. Ly
e-mail: ly@csc.org

J. Gollogly
e-mail: jim@csc.org

International Orthopaedics (SICOT) (2014) 38:579–585
DOI 10.1007/s00264-013-2173-1

http://www.csc.org/


number of patients presenting with osteosarcoma. Patients
will often present with neglected and advanced pathology,
causing treatment for such conditions to be even more
challenging. Traditional medicine still has a strong role in
the rural areas of Cambodia and there is a cultural resistance
to the idea of amputation. Furthermore, access to
chemotherapy is both limited and expensive with currently
only one centre in Phnom Penh, the Khmer Russian
Friendship Hospital, offering treatment at a cost. This study
aims to highlight the outcomes of those patients treated at the
CSC with osteosarcoma and the challenges faced in such a
setting.

Themost commonmalignancy of primary bone tissue is OS
[2, 6]. It is a relatively rare disease with estimated incidence of
four million cases a year worldwide, but it is the eighth most
common malignancy of childhood, and accounts for 20 % of
mortality in children due tomalignancy in the developedworld
[6]. The peak incidence of OS is in children and adolescents in
the second decade of life with a second smaller peak in
incidence in the seventh or eighth decade of life [7, 8].

Historically, OS prognosis has indeed been grim, with only
5 % survival in the older studies. With the ascent of multi-
agent chemotherapy in the 1980s, the survival increased dra-
matically; unfortunately the survival has not improved much
in the decades since [1]. The current standard for OS chemo-
therapy includes a combination of doxyrubicin, cisplatin,
methotrexate with leukovorin-rescue factor, and ifosfamide
[9, 10]. The use of neoadjuvant chemotherapy has been shown
to induce tumour necrosis of OS, thus improving survival
[11]. Furthermore, neoadjuvant chemotherapy has been
shown to reduce the margin of surgical excision required,
perhaps making surgery less difficult and preserving healthy
tissue [12].

Data on OS-treatment in developing resource-poor coun-
tries is scarce [3]. A nine-year review of the survival rates of
OS in a tertiary hospital in neighbouring Thailand showed
somewhat lower survival than what was to be expected from
comparable treatment in Europe [13]. Another study mea-
sured five-year survival rates to be about half of what US
studies have found [4, 7]. We believe this is the first outcome-
based study of its kind in Cambodia.

Materials and methods

Patients

The electronic database of the CSC was retrospectively
searched for multiple keywords, including osteosarcoma, os-
teogenic sarcoma, bone cancer, bone malignancy, bone sarco-
ma, sarcoma and cancer, until a definitive list of all bone
cancers in the system treated since 2002 was collected.
Paper records with the same criteria were then searched.

After analysing each case, including available patient histo-
ries, radiographs and pathology reports, only patients with a
confirmed histopathology report of osteosarcoma and/or a
convincing radiograph of the disease, were included in the
study. Those patients whose records were missing or incom-
plete were omitted from the study.

Contacting patients

Some patients were followed up by regular consultation in the
clinic. However, for those patients lost to follow up, or in
whom the outcomes were not known, telephonic contact was
tried, and when possible, the patient was requested to re-visit
the CSC. For those patients whose correct contact details were
unavailable, attempts were made to visit the often remote
village of the patient in order to successfully ascertain the
outcome.

Measurements

Enneking stage

The Enneking staging at admission was used to evaluate
prognosis where possible. It is a well recognized staging
system for OS and other musculoskeletal tumours [14–16].
The CSC does not routinely have access to CT imaging and
thus distant metastases were based on clinical examination,
ultrasound exam of the abdomen, and plain radiographs of the
chest.

Quality of life

The EQ5D is a European standardized quality of life (QoL)
measurement tool, often used to assess QoL in surgical pa-
tients [17, 18]. The EQ5D was chosen because of its stan-
dardized content, peer reviewed publication frequency and
simplistic questions that readily translate from English to
Cambodian without apparent need for standardization. The
questionnaire was submitted to all surviving and contacted
patients. Written permission was obtained from EuroQol to
use the score in this study (permission received 11.2.2013,
second author).

Table 1 Sites and frequency of
tumors in this dataset Site of tumour

origin
Number of
patients

Distal femur 14

Proximal tibia 11

Proximal humerus 2

Midshaft humerus 1

Distal radius 1

Ethmoid 1
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Treatment

Treatment was defined simply as surgery, in the form of
amputation or limb salvage, as well chemotherapy, radiother-
apy or patient’s refusal of treatment.

Survival

Survival rates were calculated in months from the date of
presentation to CSC, to the date of death or the date of last
follow up. Survival rates as ratios were calculated from cen-
sored data. Kaplan-Maier survival analysis was implemented
for all patients and for patients sorted by three treatment

paradigms: no treatment, surgical resection only and
chemotherapy with or without surgical resection. The
chi-square test was used in survival analysis. Statistics
were calculated using R.

Other inquiries

Patients and families were asked about a number of clinically
relevant factors regarding treatment at the CSC. These includ-
ed where the patient died, the time the patient was in signif-
icant pain, whether health care professionals at CSC had
explained the condition and prognosis adequately, and what
their feelings were towards the treatment offered by the CSC.

Fig. 1 Three examples of late presenting osteosarcoma tumours to the centre
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Results

Forty-four patients were initially identified via the computer
database search. On further review, seven patients had insuf-
ficient information documented to ascertain the correct diag-
nosis either radiologically or histologically whilst another
seven patients had a confirmed histological diagnosis other
than osteosarcoma.

Demographics

Thirty patients met the inclusion criteria, eight of whom were
female (27 %) and 22 (73 %) were male. The mean age at
presentation was 20.9 years, ranging from five to 47 years old
at presentation. The mean age for females was 18.8 years and
21.7 years for males.

Table 1 highlights the sites of tumour origin with the distal
femur being the most common site (47 %) followed by prox-
imal tibia (37 %).

All tumours were extra compartmental on presentation,
with examples displayed in Fig. 1. Twelve patients had con-
firmed histological reports of high grade tumours, two had
reports of low grade osteosarcomas. The remaining pathology
reports did not specify the grade of the tumour. Only three
patients had clear signs of lung metastases on a plain chest

radiograph. No patient had any further investigations for
metastases once one was recognised on a chest X-ray.

Treatments

Figure 2 highlights the treatments undergone by the patients.
Sixteen patients had surgical resection of the tumour with no
adjuvant treatment, either because it was not available, not
affordable, or not acceptable. Fifteen of these were in the form
of amputations (sometimes for pathological fractures through
the tumour), whilst one was a surgical resection with a limb
salvage procedure. Eight patients refused treatment altogether,
three patients had surgery along with chemotherapy
whilst three patients had chemotherapy alone. One pa-
tient had chemotherapy and radiotherapy but no surgery.
Two patients had biopsies confirming osteosarcoma but
all treatment records were lost and the patients were
uncontactable thereafter.

Outcomes

At the time of the study, seven patients treated remained alive,
20 were deceased and three were not contactable and their
survival was unknown. Of the seven current survivors, only
two patients have progressed beyond one year of treatment,
surviving 28 months and 88 months respectively. Mean sur-
vival was 14.1 months for all patients.

Table 2 and Fig. 3 display the survival rates from
six months to three years. The current survivors who had not
yet reached the follow-up milestones in the table were omitted
from further mortality rate calculations. The overall mortality
rate at one year was 52 %. Two of the three patients who had
clear chest metastases died at one month and three months
post diagnosis (both of whom had amputations of the limb).
The third patient refused surgery but completed a course of
chemotherapy and is now nine months post diagnosis. From

Table 2 Overall survival rates of all patients with osteosarcoma

Timeframe Number of
patients

Mortality rate
as percentage

Mortality within six months 10 out of 27 37 %

Mortality within 12 months 12 out of 23 52 %

Mortality within 18 months 16 out of 22 73 %

Mortality within 24 months 17 out of 22 77 %

Mortality within 36 months 20 out of 21 95 %

Fig. 3 Kaplan-Maier survival
curve of all patients presented
with 95 % confidence interval.
Dotted lines indicate the 95 %
confidence interval. Right-
truncated censorship of survival
are marked with a cross-mark on
the curve

582 International Orthopaedics (SICOT) (2014) 38:579–585



follow up, we understand the patient is now becoming unwell
at home.

All patients who received only surgery, except one,
died within three years, with the only survivor in this
only surgery group being a 25-year-old male with a low
grade osteosarcoma of his distal femur who underwent a
limb salvage procedure. He is now 28 months post
operation. Table 3 highlights the outcomes of those
patients undergoing surgical resection only.

Only seven patients in total received chemotherapy treat-
ment, either as the sole means of treatment, or in conjunction
with surgery, or in one case, radiotherapy. Table 4 shows an
overall trend of much higher survival rates.

Comparison of the surgical group and the overall
group revealed no statistically significant difference be-
tween the groups (Fig. 4). The only patient to survive
more than three years in this dataset had no surgery but
radiotherapy and chemotherapy, and when his data was
omitted the surgery group seemed to fare slightly better
than others, whereby the chi-square statistic was 1.5 and
p -value was 0.225.

Social outcomes

Of the seven patients currently still alive, from the EQ5D
questionnaire four reported on-going problems with their mo-
bility. Two reported difficulties in self care and two reported
on-going problems with pain. Five patients reported elements
of anxiety and depression associated with their disease. From
the visual analogue score of “overall perceived health” (100
representing “feel completely healthy”, 0 representing a
“worst imaginable health state”), the overall score from the
current survivors was 57.

Of the 20 deceased patients, all died at home. Upon
questioning the families, the patients were in a significant
amount of pain for an average of two weeks prior to death.
Relatives of two patients felt they had not been fully informed
about the diagnosis or the prognosis of the patient, whilst the
remainder felt they were told and understood the patient died
of cancer. Most families expressed gratitude and acceptance of
the treatment offered by the CSC and were grateful for the
service. A full qualitative analysis for the rationale of the
families’ treatment decisions was not explored due to the
difficult nature of the interviews.

Table 3 Overall survival rates of all patients who received a surgical
resection only

Timeframe Number of
patients

Mortality rate
as percentage

Mortality within six months 5 out of 12 42 %

Mortality within 12 months 6 out of 12 50 %

Mortality within 18 months 8 out of 12 67 %

Mortality within 24 months 9 out of 12 75 %

Mortality within 36 months 11 out of 11 100 %

One patient who had an amputation has an unknown outcome. The only
survivor is 28 months post surgery

Table 4 Overall survival rates of all patients who received chemotherapy
within their overall treatment

Timeframe Number of
patients

Mortality rate
as percentage

Mortality within six months 0 out of 7 0 %

Mortality within 12 months 1 out of 5 20 %

Mortality within 18 months 3 out of 4 75 %

Mortality within 24 months 3 out of 4 75 %

Mortality within 36 months 3 out of 4 75 %

Fig. 4 Kaplan-Maier survival
curve factoring treatment options
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Discussion

Our results highlight the extreme difficulties in treating
osteosarcoma with a combination of advanced patholo-
gy, poor access to investigative modalities, cultural re-
luctance to comply with Western treatment, limited ac-
cess to adjuvant therapy, and lack of modern surgical limb
salvage techniques.

Prior to chemotherapy, an analysis of 430 patients in 1957
[19] suggested an overall 19.3 % five-year survival rate and
prior to that, at the turn of the 20th century, a 5 % survival rate
[1]. Of all the 27 patients currently followed up in this study,
only one patient has lived beyond five years. Survival esti-
mates in Cambodia are thus 53.6 % at 12 months from
presentation, 16.1 % at three years and 8 % at five years.
Those patients receiving just an amputation fared only slightly
better than the overall group. Thus the current figures are more
comparable to outcomes in the early 20th century than the
early 21st century.

Chemotherapy has only recently become more readily
available in Cambodia with only seven of the patients
thus far having this mode of treatment. Although diffi-
cult to compare with such a small sample (and many of
the patients only having had chemotherapy within the
last year), it appears that chemotherapy may have some
life prolonging results in this subgroup. Funding for
chemotherapy is economically challenging for many pa-
tients, thus making it a difficult treatment option regard-
less of the perceived clinical benefit and risks.

Eight patients refused treatment altogether, highlight-
ing another difficulty in treating patients within
Cambodia, as both the cultural and social stigma of an
amputation often result in patients preferring the poor
prognosis of their tumour, or putting their faith once
more into traditional medicine.

Although this study attempted to find the current
outcomes of patients with osteosarcoma in Cambodia,
following up patients for a prolonged period of time
proved to be difficult. Patients are often from remote
villages and even up-to-date phone contact details can
become obsolete within a matter of months, as mobile
phones are often abandoned or changed. A considerable
and concerted effort was made to identify these patients
many years after treatment, often resulting in long jour-
neys in person to find the outcome of the patient.

Further difficulties in the study include confirming accurate
diagnosis, with pathological services in Cambodia being in-
accurate and limited until more recent times; previously, bi-
opsy samples were transported abroad to obtain a diagnosis.
Incomplete records preventing clear confirmation of a diag-
nosis of osteosarcoma meant a further seven patients were
omitted from the study as previous X-rays and histology
reports had become lost.

Conclusion

This study highlights the urgent need to update the approach
to osteosarcoma within Cambodia, with a more streamlined
approach to patient education, diagnosis, treatment pathways,
standardized effective chemotherapy regimens and follow-up
care, in order that Cambodia can move this battle with osteo-
sarcoma into the 21st century, and life can be saved, even at
the cost of a limb.

Competing interests Authors state no apparent competing interests.
CSC is an NGO and funded by charity.
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