
Evaluation of Osteogenic Sarcoma

Introduction:
  Osteosarcoma is a malignant tumor of 
mesodermal origin where the tumor cells 
produce bone or osteoid [1]. It is the most 
common primary malignant bone tumor, 
excluding hematopoietic bone tumors [1, 2]. 
Despite the simple and clear definition of this 
disease, the term osteosarcoma represents a 
family of tumors with significant diversity in 
its histological features, grade and clinical 
behavior [1]. However, it is a very rare disease 
and represents less than 1% of all cancers 
diagnosed in the United States [4]. It is seen 
most frequently in children and adolescents 
peaking in the second decade, which 
coincides with the growth spurt [3]. In these 
young patients, it chiefly affects the 
metaphysis of long bones. The most 
commonly involved region is the knee with 
the distal femur being the most affected, 

followed by the proximal tibia [3]. Besides the 
appendicular skeleton, osteosarcoma can 
affect other bones too; including the skull, 
axial, and very rarely, the acral bones.
    Although the majority of osteosarcomas 
occur in children and adolescents, there is a 
second spike in its incidence which is seen in 
the elderly – above the age of 60 years [5]. 
Unlike in the younger patients where most of 
the osteosarcomas arise de novo, a large 
number of osteosarcomas in the elderly arise 
in preexisting bone pathologies like Paget's 
disease, fibrous dysplasia and in areas 
previously treated with radiation for some 
other cause [6, 7]. Males are more frequently 
affected than females. The overall world male 
to female ratio of osteosarcoma, in the age 
group of 0-24 years is 1.43:1 [8]. This 
difference steadily decreases with increasing 
age [8]. 

   Osteosarcoma is a high grade malignant 
tumor which is fatal unless detected and 
diagnosed in time, and treated appropriately. 
Due to the rarity of this disease and lack of 
very obvious early clinical diagnostic features, 
there is often a delay in its detection and 
diagnosis; adversely affecting the outcome of 
treatment. Early detection and correct 
diagnosis gives the patient the best start to a 
long and difficult fight. In this article we 
describe a simple, logical and practical 
approach to evaluating a patient for a 
suspected bone tumor.

Evaluation of Osteosarcoma:
   A systematic approach is involved in the 
evaluation of any suspected bone neoplasm so 
as to reach a correct diagnosis, following 
which optimal treatment can be planned. As 
for most bone tumors, in cases of suspected 
osteosarcoma, this involves detailed clinical, 
radiological and histological evaluation.

Clinical evaluation:
 The three chief presenting symptoms of any 
bone tumor are pain, swelling and disability 
(Fig 1). Of these, pain is the most common 
presenting complaint in osteosarcoma, which, 
to begin with, may be experienced during 
activity that loads the affected bone. The pain 
may be in the form of a dull ache or such non-
specific nature which could be attributed to 
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more 
common 
causes like 
bone/muscle
/ligament 
injury, 
articular 
pathologies 
etc. The 
duration of 
this pain may 
range from 
days to 
months. 
Special 
attention 
must be paid 
to patients in 
the 
vulnerable 
age group, 
especially 
when the 

complaint is unilateral, localized, persistent or 
progressive. Some individuals may associate 
the onset of the disease with some past injury. 
However, there is no evidence to substantiate 
that injury can lead to genesis of 
osteosarcoma. 
 Unexplained musculoskeletal pain should be 
taken very seriously, especially in children and 
adolescents, and should not be dismissed 
without proper investigation. In general, one 
must rule out a neoplastic cause for the 
musculoskeletal pain if one or more of the 
points mentioned below are noted.
1) Unilateral and localized extremity pain 
without a known cause
2) Pain intensity/duration/evolution in 
conflict with assumed routine cause
3) Pain with swelling
4) Pain since weeks/months
5) Persistent or progressively increasing pain
6) Pain, only temporarily / not relieved – with 
conservative care (rest and analgesics)
7) Pain causing disability, or affecting activity 
which is considered normal for the patient
8) Pain aggravated/triggered with activity
9) Rest/night pain

 The next common presenting complaint is 
swelling in the affected region. This swelling 
may be visible or/and palpable – depending 
on the size and location of the tumor. It is 
unusual for a patient of osteosarcoma to 
present with a painless swelling, with the 
possible exception of parosteal osteosarcoma.
Unlike pain, which is far more likely to be due 
to some injury or many such routine causes, a 

swelling is clearly an indication of a pathology, 
the significance of which should be 
investigated without further delay. Again, one 
must be aware that there are many causes of 
bony swelling ranging from infection to 
various types of benign and malignant 
tumors, and tumor like conditions. It is useful 
to get answers to the following questions 
when a patient presents with a bony swelling.
1) Location and size of swelling?
2) Is the swelling painful or painless?
3) Did the pain lead to discovery of the 
swelling or an existing swelling became 
painful?
4) Duration – Days/weeks/months/years?
5) Rate of growth?
6) Solitary or multiple?
   Pain or/and swelling may result in some 
form of disability. Pain in the lower limb may 
affect ambulation or cause limitation of range 
or function across the adjacent joint. Rarely, 
patients with osteosarcoma may present with 
a pathological fracture. Pathological fracture is 
uncommon in osteosarcoma as majority of 
these patients would have sought medical 
attention before such an event occurred [9]. 
The risk of pathological fracture is higher in 
telangiectatic variant of osteosarcoma as it is a 
lytic expansile disease. Pathological fracture in 
children and adolescents is far more likely to 
be due to benign conditions like simple bone 
cyst, fibrous dysplasia, aneurysmal bone cyst, 
etc. Nevertheless, an occasional telangiectatic 
osteosarcoma can present in a similar way. 
Therefore, it becomes essential that a clear 
diagnosis of the cause of the fracture is 
established before deciding on the treatment. 
To identify a pathological fracture, one must 
rely a lot on the circumstances of the fracture 
rather than the X-ray alone. One must seek 
answers to the following questions:
1) How did the fracture occur? Was the cause 
significant or trivial?
2) Did the patient have complaints of 
pain/swelling/disability in the affected region 
prior to the fracture?
3) Has the patient suffered similar fractures in 
the past in the same location or in other 
bones? 

There are generally no systemic or 
constitutional symptoms due to 
osteosarcoma, unless the disease is very 
advanced with extensive metastases. Lungs 
are the most common site for metastasis and 
these patients mainly present with 
breathlessness [10]. Some patients may 
present with bone metastases, which is the 
most common site for extra-pulmonary 

metastasis [10]. Regional nodal metastases 
and systemic metastasis to other 
organs/tissue is rare [10].

Clinical Evaluation:
   A detailed clinical examination is the next 
step in the evaluation of a patient with 
suspected bone tumor. A detailed local 
examination assessing the exact location, size 
and extent of the lesion should be done. The 
findings could range from subtle signs like 
raised local temperature/deep 
tenderness/vague swelling, to a very obvious 
painful, tender and large bony swelling with 
stretched hypervascular overlying skin and 
restriction of associated joint function. One 
must also make a note of the function of the 
adjacent joint and any distal neuro-vascular 
deficit. Although nodal metastasis is very rare 
in osteosarcoma, as a routine practice, 
regional draining nodes should be examined. 

Blood investigations: 
   There are no specific serum markers for 
osteosarcoma. Patients with high pre-
treatment Lactate Dehydrogenase (LDH) 
levels have been reported to have 20% lower 
disease free survival as compared to those 
with normal LDH levels [12]. Similarly, a 
high pretreatment level of serum Alkaline 
Phosphatase has been reported to be an 
independent adverse prognostic marker in the 
outcome of treatment of non-metastatic 
osteosarcoma of extremities [13].

Radiological Evaluation:
   The next logical step in the work-up of a 
suspected bone tumor is imaging. MRI and 
CT scan have revolutionized medical imaging 
of human body and have contributed hugely 
to the success in the treatment of 
musculoskeletal tumors. However, when it 
comes to diagnosing bone tumors, the 
imaging modality that matters the most is the 
plain radiograph. With few exceptions, all 
other imaging modalities help mainly in 
understanding the anatomical extent of the 
disease and are of limited/selective diagnostic 
value.

Radiograph:
   A good quality plain radiograph in two 
perpendicular planes screening the entire 
bone should be taken. Conventional 
osteosarcoma can have varying appearance on 
the plain X-ray. It appears like an ill-defined 
cloudy/fluffy radiodensity in the bone which 
may show a mixture of lytic and sclerotic 
areas. The borders of this lesion are ill-defined 

Figure  1 :  Young g i r l  w i th  
osteosarcoma presenting with a 
large swelling at lower thigh
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and it appears to permeate through the 
normal bone around. It does not have a 
precisely identifiable border on the X-ray and 
there is a wide zone where the disease merges 
with the normal bone. This is described as a 
“wide zone of transition” and is a sign of an 
aggressive disease. Once the disease breaches 
the cortex, it lifts up the periosteum which 
elicits a periosteal reaction which may have 
varying appearances described as a sunburst 
/spiculated/lamellated reaction or as a 
Codman triangle. All such patterns of 
periosteal reaction, which is described as an 
interrupted periosteal reaction, are a very 
important sign of a potentially malignant 
disease. Large osteosarcomas can have soft 
tissue extension of the disease which appears 
as a soft tissue shadow on the X-ray and which 
may show cloudy/fluffy radiodensities within 
it. Besides these classic X-ray findings of a 
conventional osteosarcoma, many of the rare 
variants of osteosarcoma have X-ray 
characteristics which are unique to that 
particular sub-type and could help in 
suspecting/identifying them [11] (Fig 2).

MRI:
 MRI is the investigation of choice in 
suspected case of osteosarcoma for local 
staging [14, 15]. One must insist on a contrast 
study screening of whole involved bone to 
rule out any skip lesion [16]. MRI must 
ideally be done before the biopsy as it helps in 
planning the biopsy approach and also in 
targeting representative areas within the 
lesion, avoiding areas of tumor necrosis. Also, 
doing an invasive procedure before the MRI 
may alter the MRI findings by causing 
procedure related artifacts and edema. MRI 

gives useful information on intra medullary 
and extramedullary extent of disease, presence 
of any skip lesion, proximity of the tumor to 
the neurovascular structures and involvement 
of joint / physeal plate etc (Fig. 3,4,5). An 
additional MRI study is usually advised after 
the completion of neoadjuvant chemotherapy, 
just prior to the surgery for local management 
of the osteosarcoma, Post chemotherapy 
response 
prediction can 
be assisted with 
MRI as well. 
Reduction in 
the size of the 
soft tissue 
mass/vascularit
y/reactive zone 
and 
intramedullary 
edema, 
thickening of 
the peritumoral 
capsule and 
presence of 
necrosis are 
some of the 
signs of good 
response to 
chemotherapy. 
Assessment of 

chemotherapy response is best done by 
contrast enhanced, diffusion weighted study 
[17,18].

Histopathological Evaluation:
   Although, the diagnosis of osteosarcoma can 
be assumed with a fair degree of certainty 
based on the clinical and radiological findings, 
under no circumstances the treatment can be 
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Table 2: American Joint Committee on Cancer system of staging bone cancers

Table 1: Ennekings system of classification of Malignant musculoskeletal tumors

Figure 2: X-ray of knee with femur showing a classic 
picture of osteosarcoma –  an aggressive bone 
forming neoplasm arising from the lower end of the 
femur

Figure 3: MRI of the osteosarcoma 
in lower end of femur – coronal cut 
– showing intramedullary extent of 
the disease and the soft tissue 
extension. 
Figure 4:MRI Axial cut showing the 
soft tissue extension of the disease 
and its relationship to the 
surrounding soft tissue including 
the neurovascular structures.
Figure 5:X-ray of Osteosarcoma 
proximal humerus with skip lesions
Figure 6:MRI of humerus with 
osteosarcoma showing the skip 
lesions

3

4
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started without histological confirmation. 
Osteomyelitis, osteoblastoma, bone 
metastasis, lymphoma, GCT, ABC, are the 
radiological differentials to osteosarcoma. On 
the other hand, one cannot rely only on 
biopsy alone for diagnosis of osteosarcoma – 
the classic example is of callus which can be 
indistinguishable from osteosarcoma on 
histology. Hence it is very important to 
correlate clinical, radiological and histological 
information to reach a diagnosis of any bone 
tumor. 
 Biopsy is a procedure where a representative 
sample of the disease tissue is procured for 
histological studies. There are many ways this 
sample can be obtained. The routine 
procedures are open biopsy, needle biopsy 
and fine needle aspiration cytology (FNAC). 
Before doing a biopsy, it is advisable to 
complete all the radiological imaging studies. 
The most important step in planning a biopsy 
of any bone tumor is to decide on the 
approach. This is very important because, 
during the definitive surgery of a malignant 
bone tumor, the entire biopsy tract including 
the skin scar is excised en masse with the 
tumor. Therefore, it is very essential that the 
biopsy incision is placed in the line of the 
incision of the future surgery [19].  Open 
biopsy is a surgical procedure where tissue 
samples are obtained through a minor surgical 
procedure. The incision should be just 
adequate to obtain the deeper tissue and 
should be parallel to the long axis of the limb, 
in a location that would allow its easy excision 
along with the tumor at the time of definitive 
surgery. 
   Needle biopsy is a procedure where tissue 
samples are obtained using a bone biopsy 
needle through a small stab incision. There 
are several advantages of needle biopsy over 
open biopsy. It causes limited contamination 
of the biopsy tract as it has a small footprint, 
which makes excision of the biopsy tract 
much easier during definitive surgery and also 
results in much less loss of skin as a result of 
the same. Besides this, it has several 
advantages like faster recovery, less hospital 
stay, lower cost etc. Also, the longer reach of 
the needle makes it easier to sample different 
regions of the tumor. As with open biopsy, the 
placement of the biopsy incision is important. 
Also, sampling of different regions of the 
lesion should be done through the same 
incision by just changing the angle of the 
needle and not through another skin incision. 
The only relative disadvantage of this 
procedure as compared to open biopsy is 

perhaps the smaller quantity of tissue sample 
that may be obtained, which could prove 
challenging to the pathologist to work on. 
However, in experienced hands this is 
generally not a problem. Frozen section may 
be used to confirm that the tissue sample 
obtained is representative. However, it should 
not be relied on to make a definitive diagnosis 
of bone tumors. 
   FNAC as a procedure has many advantages, 
being minimally invasive and practically 
without morbidity, and with the least risk of 
tumor seeding along the biopsy tract. There 
are many reports of bone tumor diagnosis 
using FNAC. However, it has some limitations 
especially related to adequate representative 
tissue sampling and hence is not ideal for a 
definitive diagnosis of bone tumors like 
osteosarcoma [20].

Staging in Osteosarcoma:
 Cancer staging is a process to know the 
magnitude of the primary tumor and possible 
spread of the disease in a particular patient. It 
helps to understand the severity of the disease 
and hence the prognosis and thus aids in 
optimal treatment planning. Staging any 
cancer is therefore mandatory before starting 
its treatment. The most common site for 
metastasis in osteosarcoma is lung, followed 
by the skeletal system. At presentation, the 
reported incidence of lung metastasis is 15-
20% whereas for skeletal metastasis it is 4%. 
Staging investigations includes High 
Resolution CT scan of thorax (plain) + Tc-
99m methylene diphosphonate (Tc-99m 
MDP) Bone scan. Nowadays, 18 Fluoro 
Deoxy Glucose PET-CT scan is showing great 
promise as an alternative staging 
investigation.  
   Plain chest radiograph can only detect large 
lung metastasis. For detection of early smaller 
lung lesions, a high resolution CT scan of 
thorax without contrast is recommended 
[21]. Typically metastases appear of soft 
tissue attenuation, dull, well circumscribed 
rounded lesions, more often in the periphery 
of the lung. Patients who present with 
metastatic pulmonary disease have a poorer 
prognosis. However, cure can be achieved in a 
small number of patients who respond well to 
chemotherapy and undergo pulmonary 
metastatectomy [22, 23]. 
   (Tc-99m MDP) Triple-phase, whole-body 
bone scintigraphy still remains standard of 
care for determining the sites of metastatic 
disease in the skeletal system [24]. It may also 
detect skip lesions, although MRI is more 

accurate for this purpose. 
   Whole-body turbo STIR MRI is also a 
reliable method for screening patients with 
suspected skeletal metastases. It is more 
specific than bone scan. This technique is also 
advantageous in that it reveals extraskeletal 
organ and soft tissue metastases [25]. Longer 
study time and cost are the limiting factors. 
   Functional or metabolic imaging in form of 
18 Fluoro Deoxy Glucose PET-CT scan is 
much more sensitive and specific than Tc-
99m MDP bone scan in picking up the 
skeletal metastasis in osteosarcoma [26]. 
Moreover it gives valuable information on 
viable disease representation in proposed site 
for biopsy and some idea of the grade of the 
sarcoma. As it remains unaffected by presence 
of metallic prosthesis and radiation beam 
hardening artifacts, it is extremely valuable in 
detecting and defining a suspected recurrence 
[27]. However its scarce availability and 
prohibitive cost at present, makes it a difficult 
investigation to recommend in every case. 
   Most popular staging system for bone and 
soft tissue sarcomas has been the Enneking's 
staging system (Table 1). It is based on 
histological grade of sarcoma, local extent of 
disease i.e. intra or extra- compartmental 
involvement and presence or absence of 
metastasis [28]. American Joint committee on 
Cancer (AJCC) has also developed a staging 
system for sarcomas. (Table 2) It takes into 
the consideration the size of sarcoma, tumor 
grade, presence, and location of metastases 
[29].
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Osteosarcoma is a high grade malignant disease 
which is fatal unless treated appropriately, in 
time. Effective treatment is available for this 
disease with a high cure rate. However, despite 
the availability of such treatment in developing 
countries, the cure rates for osteosarcoma are 
much lower as compared to the western 
population. One of the most significant points of 
failure is timely detection and diagnosis of this 
condition. Awareness of this disease and the 
knowledge of the vulnerable age group can go a 
long way in improving the prospects for 
osteosarcoma patients in developing countries. 
Time tested clinical skills along with readily 
available radiological imaging modalities and 
histopathology will help us reach accurate 
diagnosis and staging in most cases of 
osteosarcoma.

Conclusions
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