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ABSTRACT

Primary malignant bone tumours (PMBT) are rare. We have reviewed patient outcomes in Scotland over a 20 year period and provided an update on the principles of

current management strategies for the non-specialist practitioner.

The Scottish Managed Clinical Network for Sarcoma (MCN) connects the three main management centres for sarcoma in Scotland: Glasgow, Aberdeen and
Edinburgh. Prior to the formation of the MCN, all centres were connected via the Scottish Bone Tumour Registry (SBTR), where they would meet on a quarterly basis

and all the bone/soft tissue tumour cases were discussed retrospectively.

The MCN was introduced in 2006. Our primary aims were to assess the impact of the MCN on patient outcomes and to update clinicians on the recognition,
assessment and staging of PMBT. A secondary aim was to compare results from the Scottish centres with other UK sites.

The patient information was gathered from the Scottish Bone Tumour Registry, held at the Queen Elizabeth University Hospital in Glasgow. All patients with
diagnoses of Osteosarcoma, Chondrosarcoma and Ewing Sarcoma between 1994 and 2014 were included.

Results showed that there was no significant change in outcome following the formation of the Scottish Managed Clinical Network for Sarcoma, and that there
were little differences in outcome amongst the three major management centres in Scotland. Findings also show Scotland to have similar outcomes to that of the rest

of the UK following diagnosis of a primary malignant bone tumour.

1. Introduction

Primary malignant bone tumours (PMBT) are rare, accounting for
less than 1% of primary malignancies’” and only 0.5% of all cancer
deaths.” In Scotland this equates to approximately five or six people
being diagnosed with a PMBT each year. There are three dominating
types of PMBT, accounting for approximately 76% of all PMBTs.” These
are Osteosarcomas, Chondrosarcomas and Ewing Sarcoma.

2. Osteosarcoma
2.1. Epidemiology

The most common primary malignant bone tumour is an
Osteosarcoma.”™”**'? QOsteogenic tumours by definition produce os-
teoid or bony matrix and can be both benign and malignant.” The
malignant variety, Osteosarcoma is often aggressive, with symptoms
usually developing over a period of weeks to months.":° Osteosarcoma
has six subtypes; Conventional Osteosarcoma, Telangiectatic, Small
Cell, Low Grade Central, Secondary Osteosarcomas due to pre-existing
abnormalities e.g. Paget's, and Parosteal.” This tumour is mostly found
in adolescents (ages 10-25), however 30% occurs in those over 40 so it
should not be discounted in adults and the elderly.'>”*'? As with all
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malignant bone tumours, males are more commonly affected with an
M:F ratio of between 1.4 and 2:1."° This gender gap lessens with in-
creasing age (Picture 1).°

2.2. Sites affected

The long bones of the appendicular skeleton are usually involved,
the majority found in the distal femur, proximal tibia and proximal
humerus, with 50% occurrence around the knee.'>7%!! Osteosarcoma
is most often a disease of the metaphysis, with approximately 91% of
occurrence here.””>” It is extremely rare to have an Osteosarcoma of the
epiphysis.” As age at onset increases, there is greater incidence of
short, flat bones being affected such as the jaw, skull, pelvis and
spine.>”>’

2.3. Aetiology

Osteosarcomas are idiopathic, however some risk factors have been
identified.”"° Risk factors include previous radiation therapy and Paget's
disease of bone, however less than 1% of people with Paget's will de-
velop osteosarcoma.’”'® These risk factors are therefore associated
with development in older adults rather than adolescents. Other no-
table links are to familial neoplastic disorders such as Retinoblastoma
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Picture 1. Osteosarcoma, with classic bone forming matrix.

and Li-Fraumeni syndrome."”>'? However, the rarity of occurrence
leaves doubts as to its true relationship.”"*

2.4. Symptoms and signs

Osteosarcomas are highly malignant, therefore symptoms develop
over the course of a few weeks to months and can be non-specific.”-’
General symptoms may include exhaustion, unexplained weight loss
and fevers.” Pain is the dominating symptom in most malignant bone
tumours. The pain at first may be non-specific, but this can soon change
to a persistent deep bone pain®”-*'°. Red flags include non-mechanical
bone pain, night pain and pain that is increasing or persistent.”'”

Physical examination may find no abnormality if the patient has
presented early enough which can be misleading.” Swelling over the
affected area or a palpable mass may be apparent, which is another red
flag.””*'> Decreased range of motion in the closest joint can occur
which can make the diagnosis challenging.’

Pathological fracture occurs in approximately 5-10% of patients,
especially in advanced Osteosarcoma. It has been documented as a first
presentation to secondary care, where the patient would usually ex-
perience pain and other symptoms prior to fracture but diagnosis had
not been made.’

2.5. Investigation

Following a detailed history and careful examination, the following
investigations should be carried out.

Investigation Findings

Plain film x ray Effect of lesion on bone? ie Bony destruction
or formation

Periosteal reaction?

Soft tissue swelling?

Matrix?

Screen for other causes of bone pain

(eg pagets, myeloma)

FBC

CRP/ESR

Bone profile

Blood tests

MRI Local staging

CT chest, abdomen and pelvis Systemic staging
Bone scan Systemic staging
Biopsy Confirm subtype
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2.6. Investigation Table’'%'%16

Both plain film x-ray and blood tests can be easily completed in
primary care. Part of the investigation should involve the GP referring
the patient with suspicious bone symptoms to secondary care’°'%'5:1¢
where more detailed investigations may take place.

2.7. Treatment

An untreated Osteosarcoma will be fatal.” Opioid analgesia is
usually required for pain and can be issued in primary care.’ Curative
treatment is available, and should be carried out at specialist cen-
tres.*'*!>717 Routine modern treatment involves both neo-adjuvant
and adjuvant chemotherapy with surgery.>”"'° Neo-adjuvant therapy
aims to treat the micro-metastases which may be undetectable at di-
agnosis — the lung being a common site of deposition.>° In addition, the
tumour may shrink, but more commonly any associated soft tissue
component ossifies and pain is reduced. Osteosarcoma is known to be
resistant to radiotherapy, and therefore it tends to be used only for local
control during palliative care.””'” The aim would be for limb salvage
and reconstructive surgery however amputation can be considered if it
serves to increase patient function,””'® or if the tumour is deemed
otherwise unresectable.

2.8. Outcomes

The treatment available can be curative.”””'® The prognosis of Os-
teosarcoma is estimated on a number of factors, the most important one
being response to chemotherapy.””->'%'® The differences between
chemotherapy responders and non-responders is huge, with 5 year
survival for a responder (tumour necrosis of more than 90%) being
80-90% and a non-responder (tumour necrosis less than 90%) being
less than 15%° which is what the survival rate of osteosarcoma was in
the 1970's.”® Type of Osteosarcoma is important, for example the
Conventional Osteosarcoma five year survival is noted to be between 40
and 80% where the typically lower grade Parosteal group has excellent
outcomes with 91% at five years."»*”>%1%'%!® Other factors to predict
outcome include size of tumour®'® and stage at presentation.””-%'-'®

3. Chondrosarcoma
3.1. Epidemiology

Chondrosarcoma is a malignant bone tumour that arises from
chondroblasts, laying down hyaline cartilage.”” It is the second most
common type of primary malignant bone tumour, accounting for ap-
proximately 20%."7-' These types of tumours tend to be slow
growing, with symptoms evolving over months and years."”-° There are
six subgroups of Chondrosarcoma; Conventional type (90%), Periosteal,
Secondary, Dedifferentiated, Mesenchymal, and Clear Cell.*>”*'° All
Chondrosarcomas have been grouped together for the purposes of fur-
ther discussion. Males are affected slightly more than females, with the
M:F being < 2:1.>%'° Chondrosarcomas occur in adults, with an age
range of 45-60, the majority being over 50 years."”>'%'> It is rare in a
person under the age of 30 years.”

3.2. Sites affected

The ilium is the most commonly involved bone, followed by the
proximal femur, proximal humerus, distal femur, and then the
ribs."»*7-%19 1t is very rare to find Chondrosarcoma in the spine or skull,
if found these would more commonly be the Mesenchymal type of
Chondrosarcoma.’
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Picture 2. Chondrosarcoma, with classic ‘Popcorn’ Stippled appearance.

3.3. Aetiology

As with Osteosarcoma, the aetiology is unknown.’ There are links to
benign tumours such as Osteochondroma and Multiple Hereditary
Exostosis (MHE), but the risk is low (malignant transformation risk for
solitary osteochondroma being < 1% and for MHE ~ 5%).%'%"7-*¢ pa-
tients who have multiple enchondromas such as Ollier's disease or
Maffucci syndrome carry a higher risk of developing Chondrosarcoma
(25-30%). These conditions in themselves are very rare with, 1/
100 000 being affected by Ollier's disease and less than 200 reported
presentations on Maffucci syndrome since its description in 1881, so
their contribution to risk is limited.

3.4. Symptoms and signs

Chondrosarcoma can present with local swelling/mass and pain,
either one symptom or both.”'? The symptoms will have developed
over the course of months, or even years. Pathological fracture is still a
risk, however as it can be slow growing, this is less likely to happen
(Picture 2).°

3.5. Investigation

As with any path to diagnosis, a careful history and examination
should be carried out prior to investigations. These patients tend to be
over 40 years old, where incidence of bone metastases (mostly lung,
breast, thyroid, kidney and prostate) are more common than primary
malignant bone tumour so initial care should take this into considera-
tion.” Investigation pathway should follow as described in the Osteo-
sarcoma section, a plain film X-Ray and blood tests as a minimum in
primary care.”%%¢

3.6. Treatment

Chondrosarcomas are in general highly resistant to both che-
motherapy and radiotherapy.’**”"'° Treatment is based on surgical ex-
cision of the tumour with wide margins, if this cannot be achieved using
limb salvage and reconstructive methods then amputation is re-
quired.”'? Even with successful clearance of the primary Chon-
drosarcoma, the metastases remain problematic in the higher grades of
tumour.”'” There is evidence for using chemotherapy with some suc-
cess in certain subtypes such as Mesenchymal Chon-
drosarcomas,”**"»** but this is limited. Radiotherapy may be used in a
palliative setting for local control.'®
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3.7. Outcomes

Prognosis largely depends on the histological grade of
Chondrosarcoma.”*'° Grading has been noted to be challenging, with
differing opinions of specimens between specialists.””'® It is based on a
scale of 1-3, looking at nuclear size, staining and cellularity.” The
majority of Chondrosarcomas are grade 1 (61%) which brings a 5 year
survival rate of 89%.%** Grade 2 accounts for 36% and the grade 3 for
only 3%, both of which share a 5 year survival of 53%.%”° The low
grade Chondrosarcomas are less likely to metastasize, where high grade
tumours such as the Dedifferentiated type, can be aggressive and fre-
quently metastasize.'® Chondrosarcomas of all types and grades can
recur locally,”'” and if they do recur there is a risk of approximately
10% that it will be of a higher grade of malignancy.®'®

4. Ewing Sarcoma
4.1. Epidemiology

Ewing Sarcoma is a small round blue cell malignancy, and shares
the same characteristic chromosomal translocations (t(11; 22) (q24;
q12)) as a primitive neuroectodermal tumour (PNET)."*'° It is there-
fore described by the World Health Organisation as a tumour of neu-
roecotdermal derivation.” Ewing Sarcoma is the third most common
primary malignant bone tumour, accounting for approximately 7% of
all primary malignant bone tumours.” It is a disease of children and
adolescents, being the second most common cause of primary bone
malignancy in young people after Osteosarcoma.’”"'* The age range
at diagnosis is 10-18 years'® with a median age of 15 years, 80% of
patients are less than 20 years old.”>*'? It is very rare to find a Ewing
Sarcoma in a patient over the age of 30 years, or in a patient of Asian or
African descent.””>'° The male to female ratio is 1.5:1."%7-%°

4.2. Sites affected

Ewing Sarcoma is mostly found in the diaphysis or metaphysis of
long bones, the pelvis and the ribs."*>”->?° The bones of the skull, spine,
scapula, hands and feet are less likely to be involved.” All Ewing Sar-
comas are high grade, and at the time of presentation approximately
20-25% of patients have radiologically visible metastasis (mainly lung,
bone and bone marrow).”>'%%*

4.3. Aetiology

As with Osteosarcoma and Chondrosarcoma, Ewing Sarcoma is
idiopathic.>° It does not appear to have links with any other condition.

4.4. Symptoms and signs

The most common presenting complaint is pain, with or without
mass.’ Ewing Sarcoma does sometimes display symptoms and signs that
other primary malignant bone tumours do not, such as a remittent fever
(of about 38°), a raised ESR, anaemia and leucocytosis.” Again, pa-
thological fracture can be a rare feature if there has been missed di-
agnosis (for example Osgood schlatter disease) (Picture 3).°

4.5. Investigation

Should follow the same pattern as described in the Osteosarcoma
section, and in addition bone marrow aspirate and a serum LDH can be
included as a prognostic tool. These patients will be younger, and so
metastatic deposits are less likely.”'%'>'® Care should be taken during
the history to determine the nature of the pain, onset, duration etc as
the younger patient may find it very difficult to describe what they are
feeling.”> This in combination with a lack of clinical suspicion for
Ewing Sarcoma can lead to diagnostic delay.'®*°
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Picture 3. Ewings Sarcoma with pathological fracture and large soft tissue mass
clearly seen on the lateral view.

4.6. Treatment

Current treatment usually involves 3-6 cycles of neo-adjuvant
chemotherapy followed by surgical excision and reconstruction, then
6-10 cycles of adjuvant chemotherapy.”>'? Radiotherapy can be used
post operatively if resection margins have been inadequate and can be
useful in treatment of lung metastases.””'>?” Radiotherapy can also be
used as the definitive treatment in the axial skeleton where adequate
margins may be difficult to achieve because of anatomical constraints.

4.7. Outcomes

The outcome of Ewing Sarcoma has a number of influencing factors,
including stage, size of tumour and locality (pelvic tumours have a
worse outcome).”””'? As Ewing Sarcoma is chemosensitive, since its
introduction, five year survival rates have increased from less than
10%, to approximately 65%.”-"'? This is reduced in those who present
with metastatic disease, where five year survival is up to 40%.”

5. Summary Table'-*”>°

Type of tumour Incidence  Age Sites Treatment Average
affected survival
rate
Osteosarcoma 30% 10-25 Metaphysis ~ Chemotherapy 40-60%
of long and surgery.
bones, 50%
at knee,
Chondrosarcoma  20% 45-60 Ilium, prox-  Surgery 53-89%
imal ling
bones, ribs.
Ewing Sarcoma 7% 10-18 Diaphysis/ ~ Chemotherapy, = 40-70%
metaphysis  surgery and
of long radiotherapy.
bones

6. Treatment and management changes in Scotland

From the treatment methods discussed above, since the introduction
of chemotherapy there has been a huge increase in the five year sur-
vival rates for both Osteosarcoma and Ewing Sarcoma. This has not
been the case for Chondrosarcoma, where the outcomes have not
changed significantly in the last 20 years. Research suggests various
reasons for chemo-resistance such as the volume of extracellular matrix
surrounding the tumour, blocking target access of the chemotherapy
drugs, or that due to chemotherapy targeting rapidly dividing cells, it is

257
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essentially useless against the slow growing Chondrosarcoma.'® Further
research is being carried out in an attempt to find a molecular target for
treatment of Chondrosarcoma.

From 1992 Glasgow has had meetings regarding management of
Sarcoma. In around 2004 the Aberdeen centre joined, forming the
Scottish Managed Clinical Network for Sarcoma (MCN). Dundee fol-
lowed in 2005, Inverness in 2006 and Edinburgh moved in and out of
the MCN, before joining in 2007. Prior to the formation of the MCN, all
centres were connected via the Scottish Bone Tumour Registry (SBTR),
where they would meet on a quarterly basis and all the bone/soft tissue
tumour cases were discussed retrospectively. These quarterly meetings
were replaced by weekly MCN meetings. For the purposes of this paper
we shall regard 2006 to be the beginning of the MCN, and we shall look
at patient outcome for each of the centres and as Scotland as a whole
from 1994 to 2014 for Primary malignant bone tumour.

The aim of this paper is to explore patient outcome following di-
agnosis of PMBT in Scotland from 1994 until 2014, using 2006 as the
introduction of the MCN, to see if its formation influenced patient
outcome. A breakdown of the outcomes for the 3 management centres
in Scotland will be also be included. Finally Scottish outcomes will be
compared with other UK centres.

7. Method

The patient information was gathered solely from the Scottish Bone
Tumour Registry, held at Glasgow's Queen Elizabeth University
Hospital. Only patients with diagnoses of Osteosarcoma,
Chondrosarcoma and Ewing Sarcoma were included, and the tumour
must have been diagnosed in the 20 years between 1994 and 2014.

A review of notes checklist was compiled to standardise questions
for all patients. The Questions were as follows:

. Age and sex of patient
. Date of presentation

. Region for treatment.
. Diagnosis

. Outcome

U b wN =

No patient identifiers were to be collected as this project is purely a
note based observational study.

8. Results

A total of 485 patients were identified. 17 of which were excluded
as they died of causes unrelated to their PMBT. A further 145 were
excluded for other reasons, such as being lost to SBTR follow up, or that
the cause/date of their death was un-documented at the SBTR, leaving a
total of 323 patients for inclusion. To allow 5 year outcome for com-
parison to UK figures, a further 15 patients were excluded as they had
not yet had their diagnoses for this duration, leaving 308 patients for 5
year survival comparison. These results can be seen in the flowchart
below (Flowchart 1).

Between 01/01/1994 and 31/12/2005 214 patients were found on
the SBTR to have been diagnosed with PMBT, and from 01/01/2006
until 31/12/2014 109 patients were identified, the latest date of diag-
nosis in 2014 being the end of February.

Of the 214 identified patients diagnosed prior to 2006, 185 were
alive at 1 year (86%), 155 were alive at 2 years (72%) and 135 were
alive at 3 years (63%) 123 alive at 4 years (58%) and finally 112 alive
at 5 years (52%). Of the 109 patients identified from 2006 onwards,
100 were alive at 1 year (91%), 75 were alive at 2 years (69%), at 3
years 58 of the 109 patients had survived (53%). Of the 94 patients
identified from 2006 onwards, having been diagnosed for at least 5
years, 46 were alive at 4 years (49%) and 36 were alive at 5 years
(38%). The results are tabulated below.
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Limited information documented
at bone tumour registry = 120

Had some treatment in

another country = 14
i 145 excluded for

other reasons

Out of date range for
study=8

Moved out of country during
treatment/in follow up =3
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Total patients
identified, 485

Died of cause
unrelated to
PMET, 17

v

323 for dyear
survival

Not yet had diagnosis
for 5years, 15

>

308 for Syear
survival

Flowchart 1. Patient inclusion flow.

Survival Pre MCN Post MCN

86%
72%
63%
58%
52%

91%
69%
53%
49%
38%

1 year
2 years
3 years
4 years
5 years

Using all 308 patients identified this gives an overall 5 year survival
rate for primary malignant bone tumour in Scotland of 48% (55% in
England’*), with males accounting for 57% and females 43%. The 5
year survival rate in Scotland for both males and females is 48%, in
comparison to English counterparts 58% and 59% respectively.*>**

Sex Scottish 5 year survival English 5 year survival®***

Male
Female

48%
48%

58%
59%

To look more closely at the data, firstly comparing 5 year survival
for tumour type, Osteosarcoma, Chondrosarcoma and Ewing Sarcoma.

Tumour type Scottish 5 year survival English 5 year survival***®

45%
46%
51%

45%
65%
50%

Osteosarcoma
Chondrosarcoma
Ewing Sarcoma

A comparison amongst the 3 main centres in Scotland, Glasgow
(West) Aberdeen (North) and Edinburgh (East) was then carried out.
Glasgow having treated a total of 167 patients in the time period,

Aberdeen 68 patients and Edinburgh 55 patients. The results are ta-
bulated below.

Overall
5 year
survival

Centre 5 year survival

for Osteosarcoma

5 year survival for
Chondrosarcoma

5 year survival
for Ewing
Sarcoma

Glasgow 49% 46% 46% 52%
(West)

Aberdeen
(North)

Edinburgh

(East)

43% 38% 60% 24%

53% 50% 44% 71%

9. Discussion

The results show that there has been little influence to patient
outcome following the formation of the MCN in 2006. Interestingly,
also in 2006 the paper “Size matters for sacomas!” by Grimer*® was
published, where common objects were used as descriptors of tumour
size, a golf ball was used as the benchmark of when one must assume
malignant until proven otherwise. This was then used in a pilot cam-
paign by Sarcoma UK in 2012, where 600 GP's in Birmingham were sent
golf ball keyrings with “is it sarcoma?” inscribed in addition to a poster
of how to refer to the sarcoma centre. The campaign was then rolled out
as the “On the Ball” campaign in 2014 where it received national media
coverage. This message could have influenced patient outcome, as both
GP’S and patients may have been more inclined to seek expert advice on
discovering a mass.

Looking at the 3 management centre outcomes, we can see that there
is little difference amongst them. In Aberdeen the 5 year survival for
Ewing Sarcoma is less than that of Glasgow or Edinburgh. This can
perhaps be explained by the vast area of the highlands and islands the
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Aberdeen centre covers, and its patient population. On review of in-
dividual cases the majority of these patients delayed seeking GP advice,
for reasons such as not wanting to bother the Doctor, or having been too
busy with work. Of the Aberdeen group, there were 17 cases of Ewing
Sarcoma, and the patients were older than the worldwide data would
suggest is typical. It is noted to be a disease of children and adolescents,
with an age range of 10-18 years and a median age at diagnosis of 15
years old.””>'° It is also said to be rare in those over 30 years,””'°
however in the Aberdeen group the average age at diagnosis of the pa-
tient was 30 years old, the oldest being 58. This may mean that the GP
would suspect more common conditions such as Osteoarthritis, or mus-
cular injury before thinking of malignancy. This can perhaps explain why
for the Aberdeen group, once at the GP, the diagnosis was further de-
layed for 3 of the patients of whom PMBT was never part of the differ-
ential diagnosis. These patients only received plain film x-ray between 56
days and 1 year in secondary care after presenting to their GP. Delay in
diagnosis of Ewing Sarcoma significantly increases the mortality rate,
and has been shown in several research papers.”>*>*"-** It should be
noted that once referred to secondary care, all of the patients were seen
on average of 23 days which is well in keeping with NICE guidance.®

To compare Scottish outcomes with that of our English counter-
parts, we can see that there is minimal difference between the two. Both
Scotland and England have a 45% survival rate for Osteosarcoma, and
51%-50% respectively for Ewing Sarcoma. There is, however, a sig-
nificant difference in the Chondrosarcoma outcomes, with Scotland
having 46% survival and England 65%. Reasons for this could again
relate to population diversity, or our comparatively small numbers to
treat, however having not been able to compare patients on a case by
case basis to further investigate the differences in Chondrosarcoma
outcome, it is impossible to account for these differences. A further
study could be initiated from these results to find reasons. There is no
difference in overall survival rates between males and females. Given
our comparably small number of patients to treat this shows Scotland is
in keeping with both English and worldwide outcomes."*7-%*3-4>

10. Conclusion

Approximately 6 patients per year are diagnosed with a primary
malignant bone tumour in Scotland. This paper explored the outcomes
of the patients diagnosed with PMBT over the course of 20 years in
Scotland. It showed that there was no change in outcome following the
formation of the Scottish Managed Clinical Network for Sarcoma, and
that there were little differences in outcome amongst the three major
management centres for Sarcoma in Scotland. Findings also show
Scotland to have similar outcomes to that of England, and that we are in
keeping with the worldwide trend in outcome following diagnosis of a
primary malignant bone tumour. It would be informative to further
explore the differences in Chondrosarcoma outcomes between Scotland
and England in a follow up paper, and to introduce the regular review
of Scottish PMBT outcomes as is done by the National Cancer
Intelligence Network in England.
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