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Abstract

Osteosarcoma is the commonest primary malignant bone tumour in children and adolescents, the majority of cases being
conventional intra-medullary high-grade tumours affecting the appendicular skeleton. Treatment is typically with a combination
of neo-adjuvant chemotherapy, tumour resection with limb reconstruction and post-operative chemotherapy. The current article
reviews the role of magnetic resonance imaging (MRI) in the pre-operative assessment of high-grade central conventional

osteosarcoma.
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Introduction

Osteosarcoma (OS) is the commonest primary malignant bone
tumour in children, with an overall prevalence of 2—3/million/
year, which increases to 8—11/million/year in the 15-19 age
range [1-6], and accounts for over 10% of all solid cancers in
adolescence (age 15-19 years) [7]. Although myeloma is the
commonest primary bone tumour in adults, OS also shows a
second peak in adults in the 7th—8th decades [7]. OS is classi-
fied according to the World Health Organisation (WHO) clas-
sification [8], with conventional high-grade central OS (HG-
OS) being the commonest sub-type accounting for 75-80% of
all cases [4, 6]. These tumours may show a mixed histological
pattern or be predominantly osteoblastic, chondroblastic or fi-
broblastic [9]. Other histological variants include telangiectatic
[10], small cell [11] and giant cell (osteoclast)-rich [12].
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Due to the rarity of these tumours, management within spe-
cialist centres is mandatory [3, 7]. The aims of treatment are to
achieve long-term disease-free survival with acceptable physi-
cal function, and this is currently achieved for the majority of
patients by a combination of pre-and post-operative chemother-
apy together with resection of the tumour and reconstruction
with an endoprosthetic replacement (EPR) [13, 14]. Primary
amputation is required in approximately 5—10% of cases, while
limb reconstruction in the very young is achieved by a variety
of techniques [15]. Imaging plays a vital role in the manage-
ment of HG-OS, including lesion characterisation, local and
distant staging, biopsy guidance and evaluation of response to
neo-adjuvant chemotherapy [16—-18]. The aim of this article is
to review the current status of magnetic resonance imaging
(MRI) in the pre-operative assessment of HG-OS involving
the appendicular skeleton.

Lesion characterisation

HG-OS typically involves the metaphyses of major long
bones, the distal femur, proximal tibia and proximal humerus
being the commonest sites. Primary diaphyseal HG-OS is also
recognised, tending to present in an older age group, having a
greater tumour extent than metaphyseal HG-OS, and a greater
risk of pathological fracture [19, 20].

Radiographic assessment is still mandatory in the initial
assessment of HG-OS. The classical radiographic features of
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aggressive lytic bone destruction, osteoblastic matrix, extra-
osseous extension, Codman’s triangle and periosteal reaction
allow a confident radiological diagnosis in the majority of
cases (Fig. 1a) [21]. Alternatively, the lesion may be purely
osteoblastic (Fig. 1b) or lytic (Fig. 1c), in which case the age at
presentation and classical metaphyseal location are still sug-
gestive. However, in purely lytic lesions, MRI may be of
additional value in lesion characterisation.

In a recent study of telangiectatic OS [10], only four of 26
cases (15.4%) showed radiographic matrix mineralisation.
However, the aggressive growth pattern with cortical destruc-
tion and soft tissue mass helped in the radiographic differen-
tiation from aneurysmal bone cyst (ABC). MRI demonstrated
multiple large (72.7%) or small (26.3%) cystic spaces, fluid-
fluid levels (63.6%), soft tissue mass (100%) (Fig. 2), and
thick peripheral and septal enhancement (100%). A misdiag-
nosis of ABC was made on biopsy in 34.6% of cases.

Giant cell (osteoclast) rich OS (GCR-OS) is also a predom-
inantly osteolytic lesion, occurring most commonly in the
proximal tibia [12]. The mean age of 26 years and predomi-
nantly eccentric meta-epiphyseal location may mimic giant
cell tumour (GCT) of bone. MRI shows no distinctive fea-
tures, but the presence of a large extra-osseous mass may be
more suggestive of GCR-OS than GCT.

The MRI features of chondroblastic OS have also been
described and compared with other types of OS and
chondrosarcoma. Chondroblastic OS may uncommonly show
lobular hyperintensity (Fig. 3a) and a septal/nodular/peripher-
al rim enhancement pattern similar to chondrosarcoma (Fig.
3b) [22]. Also, the use of diffusion-weighted imaging (DWI)
may allow differentiation of chondroblastic OS from other
types of OS and from chondrosarcoma [23, 24].

The clinical and imaging features of primary diaphyseal OS
have been compared to metaphyseal OS. Diaphyseal OS ac-
counts for just under 4% of all long bone OS [20]. It has a more
lytic appearance on radiographs and a much larger soft tissue
mass [19]. In patients with lytic diaphyseal OS, MRI may help
characterisation by demonstrating the large soft tissue mass.
However, the finding of a lytic diaphyseal lesion with a large

Fig. 1 Radiographic appearances
of high-grade osteosarcoma (HG-
0OS). a AP radiograph of the distal
femur showing aggressive mixed
lytic and sclerotic bone destruc-
tion with a Codman’s triangle
(arrows). b AP radiograph of the
distal femur showing an extensive
osteoblastic distal femoral lesion
(arrows). ¢ AP radiograph of the
distal femur showing purely lytic
bone destruction (arrow) and a
Codman’s triangle (thin arrow)
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soft tissue mass would also be consistent with Ewing sarcoma
(ES), although ES tends to occur in a younger age group.

Local staging

Accurate local staging of OS is required to plan surgical resec-
tion. Local staging may be subdivided into intra-osseous and
extra-osseous tumour extent [16]. Intra-osseous tumour extent
determines the level of bone resection, and must include any
identified skip metastases. Skip metastases represent focal areas
of intra-osseous tumour which are separated from the main
tumour by normal marrow. In addition, it may demonstrate
the possibility of joint sparing surgery in the immature skeleton
when metaphyseal tumour has not extended to involve the
growth plate [25]. Extra-osseous staging determines the poten-
tial for limb salvage surgery based on the relationship of tumour
to the neurovascular structures and the degree of muscle in-
volvement, while demonstration of extension into the joint will
require extra-articular resection [14, 26].

Intra-osseous staging

A non-contrast T1-weighted spin echo (T1W SE) sequence re-
mains the gold standard for determination of intra-osseous tu-
mour extent, due to the high contrast between intermediate-to-
low SI tumour and hyperintense medullary fatty marrow (Fig.
2b) [27]. Several recent studies have demonstrated that longitu-
dinal tumour extent on TIW SE images compares most
favourably with tumour length measured on resection speci-
mens. Jin et al. [28] demonstrated that median tumour length
on resection specimens was approximately 4 mm greater than
on TIW MRI. In 255 patients with primary malignant tumours
of the long bone (223 with appendicular OS), MRI demonstrat-
ed tumour length accurately in 10.6%, overestimated tumour
length in 31% and underestimated tumour length in 58.4% of
cases. The maximal difference between resection specimen tu-
mour length and MRI assessment was 18 mm. Similarly,
Thompson et al. [29] investigated the relationship between T1
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Fig. 2 Telangiectatic OS. a AP
radiograph of the right shoulder
showing a purely lytic proximal
humeral tumour (arrow). b
Coronal T1-weighted turbo spin
echo (TIW TSE) MR image
showing an intermediate signal
intensity (SI) lesion (arrows). ¢
Axial fat-suppressed proton den-
sity weighted fast spin-echo
(PDW FSE) MR image showing
multiple cystic spaces (arrow)
and fluid-fluid levels
(arrowheads)

and T2W images obtained before and after neo-adjuvant che-
motherapy with tumour extent from resection specimens, and
found that TIW SE images obtained following neo-adjuvant
chemotherapy had the strongest correlation with resection spec-
imens (Fig. 4). The mean difference between MRI and histo-
pathological margins was 5.9 mm (SD =4.5 mm). Conversely,
the use of T2W SE, short-tau inversion recovery (STIR) and
post-contrast fat-suppressed T1W SE sequences has been shown
to overestimate intra-osseous tumour extent [30]. The reported
difference in the measurements between MRI and resection
specimens could in part be due to technical factors, MRI dem-
onstrating the intra-osseous tumour length on multiple sagittal
and/or coronal images through the whole extent of the bone,
whereas the resected specimen may be sectioned only once or
twice in the coronal or sagittal plane at pathological assessment.

The accurate assessment of intra-osseous tumour extent may
become difficult in the presence of abundant red marrow, as can
be found in very young patients or following neoadjuvant che-
motherapy. In the latter situation, Deng et al. [31] demonstrated
the development of marrow signal abnormality on post-
chemotherapy TIW SE MRI in approximately 60% of patients
with appendicular OS. This was classified as either ‘continuous
diffuse’, ‘discontinuous diffuse’ (Fig. 4a) or ‘discontinuous is-
land-like’ (Fig. 5a) in its relationship to the tumour and its
morphology. The marrow lesion had SI that was hypointense

Fig. 3 Chondroblastic OS. a
Coronal T2-weighted fast spin-
echo (T2W FSE) MR image of
the femur showing a lobular
hyperintense morphology to the
tumour (arrows). b Coronal short
tau inversion recovery (STIR) and
¢ post-contrast TIW SE MR
images demonstrating rim
enhancement of a portion of the
lobular hyperintense intra-
medullary component of the
lesion (arrows)

to medullary fatty marrow but hyperintense to skeletal muscle,
and histological assessment of these areas on resection speci-
mens showed hyperplastic red marrow. In cases where both
limbs were imaged, the findings were bilateral and symmetrical
(Fig. 5b) and were considered to be due to the use of granulo-
cyte colony stimulating factor (GCSF), which is routinely used
to treat neutropenia during chemotherapy. When hyperplastic
red marrow is continuous with the tumour, the tumour margin
may be difficult to determine accurately based on TIW SE
images. In this situation, the use of chemical shift imaging
(CSI) may aid differentiation between tumour and red marrow.
CSI is based on the principle that protons attached to fat and
water precess with slightly different frequencies. This property
allows differentiation between voxels containing both fat and
water, such as in the setting of marrow hyperplasia or marrow
oedema, and voxels that contain no fat due to complete replace-
ment of the marrow by tumour tissue. In the former situation,
there will be a greater than 20% reduction of signal between in-
phase (IP) and opposed-phase (OP) gradient echo images,
while in the latter the drop in signal between IP and OP images
will be less than 20% [32]. Del Grande et al. [33] compared CSI
with TIW SE images in 17 patients with appendicular bone
tumours and showed a very good correlation between the two
(Figs. 6a and b), with a mean difference in measurements of
only 1.7 mm (range, 0—13.2 mm). Due to the relative lack of red
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Fig. 4 Post-chemotherapy intra-
medullary staging. a Coronal
T1W TSE MR image of the distal
femur showing intermediate SI
tumour (arrows) contrasting
against hyperintense medullary
fat. Hyperplastic red marrow is
present in the distal metaphysis
(arrowhead) due to granulocyte
colony stimulating factor (GCSF)
effect. b Sagittal T2W FSE MR
image and c sagittal resection
specimen show the tumour
(arrows), which was measured at
10.5 cm in the mid-sagittal plane
on MRI and on the resection
specimen

marrow in the appendicular skeleton, they found no benefit of
CSI compared to TIW SE images. However, for axial lesions
where red marrow was more abundant, CSI was able to dem-
onstrate tumour infiltration when the appearances were equiv-
ocal on TIW. Similarly, the presence of marrow hyperplasia
could make skip metastases less conspicuous, in which case
CSI may be of value (Figs. 6¢ and d).

Skip metastases

Skip metastases occur most commonly within the same bone
(Fig. 7a) or rarely in the adjacent bone, when they are referred
to as trans-articular skip metastases (Fig. 7b) [34]. They can be
identified by MRI, appearing as single or multifocal (Fig. 7c)

Fig. 5 Post-chemotherapy
marrow changes. a Coronal TIW
TSE MR image showing a distal
femoral HG-OS and multiple
‘island-like’ areas of marrow
hyperplasia (arrows). b Coronal
T1W SE MR image of both
femora showing a left distal
femoral HG-OS with bilateral,
symmetrical marrow changes due
to GCSF
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areas of marrow abnormality with similar signal characteristics
to the original tumour. The reported prevalence of skip metas-
tases in long bone osteosarcoma varies from 1.4% [35] to 6.5%
[36], and MR imaging of the whole bone with at least a coronal
T1W SE sequence is required to identify these, particularly
since they may be occult on radiography and bone scintigraphy
[35, 37]. However, the sensitivity and specificity of whole bone
MRI has not been established with regards the diagnosis of skip
lesions. A study by Sajadi et al. [36] described 10 skip metas-
tases of which only eight were identified on pre-operative
whole-bone MRI. Similarly, Kager et al. [35] reported on 24
patients with unequivocally proven skip metastases. Of these,
15 skip metastases were identified in 18 patients who had pre-
operative MRI. Therefore, it is clear that skip metastases may
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Fig. 6 Chemical shift imaging. a Coronal TIW TSE MR image of the
tibia showing the intra-medullary tumour extent (arrow). b
Corresponding in-phase coronal CSI showing good correlation of intra-
medullary tumour extent (arrow). ¢ Coronal TIW TSE MR image of the

be occult on MRI. Also, the possibility that an intra-osseous
lesion which has MRI features of a skip metastasis representing
an alternative pathology such as focal marrow hyperplasia (Fig.
7d) or a small enchondroma has to be considered, since it is
known that incidental enchondromas can be identified in 2.9%
of knee MRI studies [38] and 2.1% of shoulder MRI studies
[39]. In such cases, a more detailed MRI study of the lesion,
possibly with the addition of CT to look for classical matrix
mineralisation could be undertaken to allow a confident diag-
nosis without the need for biopsy. However, in a situation where
a potential skip metastasis is located well away from the main
tumour and its resection would require a change in surgical
technique, biopsy of the lesion may be necessary to obtain
histological confirmation of its nature.

The relevance of skip metastases has also been discussed.
Failure of resection of a skip lesion is a cause of local recurrence
[40]. Also, several studies have indicated that patients with skip
metastases at presentation have a significantly higher risk of

distal femur showing hyperplastic red marrow (arrow) which is partially
obscuring a skip metastasis (arrowhead). d Opposed-phase coronal CSI
more clearly demonstrates the skip lesion (arrowhead) within the
hypointense red marrow

local recurrence, distant metastases and a worse survival, and
should therefore be considered as having stage 3 disease [36,
41]. Conversely, Kager et al. [35] reported 50% disease-free
survival at a mean of 4.4 years in patients with skip metastases,
the location of the skip metastasis in the same bone and a good
response to chemotherapy being favourable factors.

Extra-osseous staging

The vast majority of long bone intra-medullary HG-OS have
extended through the bone cortex at the time of presentation,
equating to at least stage 2B of the Enneking staging system
[42]. HG-OS commonly initially extends out of the cortex before
elevating and stretching the periosteum. The tumour may not be
confined by the elevated periosteum, suggesting biologic aggres-
siveness, and the location of such extra-periosteal extension
should be specifically described. The relationship of extra-
osseous tumour to the major neurovascular structures and extent

Fig. 7 Skip metastases. a Coronal TIW TSE MR image showing a distal
femoral HG-OS (arrow) and a proximal skip metastasis (arrowhead). b
Coronal TIW SE MR image showing a distal femoral HG-OS (arrows)
and a trans-articular skip metastasis in the proximal tibia (arrowhead). ¢
Coronal TIW TSE MR image showing a distal femoral HG-OS (arrow)

and multiple proximal skip metastases (arrowheads). d False positive
‘skip’ lesion. Coronal TIW SE MR image showing a distal femoral OS
(arrows) with a small proximal femoral lesion (arrowhead) diagnosed on
MRI as a skip metastasis, but confirmed at histology to represent focal
marrow hyperplasia
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of involvement of muscle compartments are significant determi-
nants for the ability to perform limb salvage procedures. The
identification of a fat plane between tumour and neurovascular
structures is an important feature to identify, and therefore non-
fat-suppressed sequences should be used to assess this. A small
number of studies have assessed the ability of MRI to identify the
relationship of extra-osseous tumour to the neurovascular bundle
(NVB). Van Trommel et al. [43] reviewed MRI and surgical
findings in 32 distal femoral HG-OS, and found that if no tumour
was seen involving the neurovascular structures, this was always
the case at surgery (Fig. 8a). When MRI showed a close relation-
ship between tumour and nerve (Fig. 8b), a safe surgical plane
could be achieved in 73% cases, and similarly in 46% of cases
when there was possible vascular involvement. Whenever there
was definite tumour involvement of neurovascular structures, this
was almost invariably correct at pathological exanimation (Fig.
8c). Putta et al. [30] defined involvement to be present if the
NVB was either completely surrounded by tumour or when at
least 50% was surrounded with loss of the fat plane on at least
one axial section, using a combination of T2W and fat-
suppressed post-contrast TIW sequences. They diagnosed
NVB involvement in 3 of 21 (14%) patients with aggressive
bone tumours (16 HG-OS). At surgery, only one patient had
NVB involvement, resulting in sensitivity, specificity, PPV and
NPV of 100, 90, 33.3, and 100%, respectively. Similarly, Wu
et al. [44] reported sensitivity, specificity, PPV and NPV of 50,
100, 100, and 94%, respectively in 34 patients with HG-OS, but
did not define their criteria for NVB involvement. Jeon et al. [45]
correlated relationship of tumour to NVB on pre-operative MRI
with local recurrence (LR) in patients who had a poor response to
chemotherapy. An adequate margin with regards the NVB was
defined as a clear fat plane between tumour and the NVB, while
an inadequate margin was defined as tumour abutting the NVB
or encasement of the NVB. The finding of tumour abutting the
NVB on pre-operative MRI in poor responders who underwent
limb salvage was associated with a high incidence of LR in the
peri-neurovascular soft tissues. Masrouha et al. correlated non-
mass-like abnormal signal intensity adjacent to the extra-osseous
component of the tumour with pathological findings in 27

patients with HG-OS [46]. These abnormal signal areas were
classified as being either bulky (> 1 cm thick) (Fig. 9a), feathery
(Fig. 9b) or having linear (< 1 cm thick) fluid SI (Fig. 9¢). The
bulky appearance was seen in seven cases, four of which dem-
onstrated viable tumour in the resection specimens, whereas the
feathery appearance was never associated with viable tumour. In
1 of 11 cases, the linear appearance was associated with viable
tumour. Oedematous changes in the surrounding soft tissues are
referred to as the reactive zone.

The relationship of extra-osseous tumour to the NVB will
be altered by neo-adjuvant chemotherapy. In a study looking
at the effects of neo-adjuvant chemotherapy on operative plan-
ning in distal femoral HG-OS, Jones et al. showed that in-
volvement of the NVB by both oedema and tumour could
either decrease (Fig. 10a and b) or increase (Figs. 10c and d)
when comparing MRI studies at initial diagnosis with post-
chemotherapy MRI [47].

Joint involvement

The presence of joint involvement requires extra-articular re-
section and reconstruction [14, 26]. However, there does not
seem to be a consensus on what constitutes joint involvement.
The demonstration of tumour tissue within the synovial space
and pathological fracture into the joint are considered un-
equivocal evidence of joint involvement. However, it is un-
clear if involvement of peri-articular structures such as the
tendons and ligaments necessitates extra-articular resection
(Fig. 11a). A pathological study of joint invasion by primary
metaphyseal sarcomas demonstrated invasion of articular car-
tilage in one-third of cases, while in over 50% of cases tumour
extended under the capsular insertion to involve the margin of
the articular cartilage, leaving only a pseudo-capsule between
the tumour and joint. Involvement of the osseous-tendinous
junction of the cruciate ligaments with extension into the knee
was also commonly identified [48]. Similarly, a pathological
study of 27 cases of HG-OS near joints showed that there was
never complete penetration of tumour through the articular
cartilage, although peripheral extension of tumour around

Fig. 8 Extra-osseous staging. a Axial PDW FSE MR image through
the distal femur showing a clear fat plane between the extra-osseous
tumour and the popliteal vessels (arrow) and tibial nerve (arrowhead).
b Axial PDW FSE MR image through the femur showing the extra-
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osseous tumour contacting the femoral vessels (arrow). ¢ Axial PDW
FSE MR image through the distal femur showing a circumferential
extra-osseous tumour mass (arrows) encasing the popliteal artery
(arrowhead)
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Fig. 9 Non-mass like soft tissue
changes adjacent to tumour. a
Axial fat-suppressed PDW FSE
MR image showing bulky signal
abnormality (arrows) adjacent to
a proximal tibial HG-OS
(arrowheads). b and ¢ Coronal
STIR MR images showing
feathery (arrow-b) and linear fluid
(arrow-c) signal changes adjacent
to the extra-osseous component of
HG-OS of the distal femur
(arrowheads)

the joint margin was seen in more than one-third of cases. The
authors also found that if pre-operative MRI showed no def-
inite evidence of joint involvement, then this was never iden-
tified pathologically allowing safe intra-articular resection to
be undertaken. In two cases, intra-articular extension was as-
sumed based on MRI showing extension of tumour into the
cruciate ligaments with subsequent extra-articular resection.
However, in both cases no tumour was seen in the joint on
review of the resection specimen [49]. Trans-articular spread

Fig. 10 Extra-osseous staging-effect of neo-adjuvant chemotherapy. a Pre-
chemotherapy and b post-chemotherapy axial PDW FSE MR images in a
patient with distal femoral HG-OS showing tumour originally abutting the
NVB (arrows-a), with a clear plane between tumour and the NVB (arrows-
b) following neo-adjuvant chemotherapy. The patient had a good response
to chemotherapy. Extra-osseous staging-effect of neo-adjuvant
chemotherapy. ¢ Pre-chemotherapy and d post-chemotherapy axial fat-
suppressed PDW FSE MR images in a patient with distal femoral HG-
OS showing tumour originally separate from the NVB (arrow-a), with
tumour abutting the NVB (arrow-b) following neo-adjuvant
chemotherapy. The patient had a poor response to chemotherapy

of tumour into adjacent joints via other normal anatomical
structures such as the ligamentum teres in the hip [50] and
the synovium of the knee joint [51] has also been rarely de-
scribed with high-grade malignant bone tumours, and should
be assessed for in cases of HG-OS. However, this is most
frequently reported in the sacroiliac joints [52].

Few studies have assessed the accuracy of MRI with regards
joint involvement by HG-OS. Schima et al. [53] considered
joint involvement to be present if a contrast-enhancing mass
was seen extending into the joint, either by disruption of the
joint capsule or by extension through destroyed cortical bone
and articular cartilage. Extension into the cruciate ligaments
was also considered to represent involvement of the knee joint,
even though they are extra-synovial structures. Pathological
specimens revealed joint involvement in approximately 22%
of cases. Using these criteria, MRI had a sensitivity of 100%
but a specificity of only 69%, with an erroneous diagnosis of
joint involvement being made in nearly one-quarter of cases.
Similarly, Wu et al. [44] reported sensitivity and specificity of
100 and 60% respectively for joint involvement, but did not
state precisely what criteria were used. Putta et al. [30] defined

Fig. 11 Joint involvement. a Coronal TIW TSE MR image showing a
proximal tibial HG-OS with extensive involvement of the sub-articular
bone and lateral capsule (arrows). However, the patient was successfully
treated with an intra-articular resection and proximal tibial EPR. b
Sagittal T2ZW FSE MR image showing a large distal femoral HG-OS
complicated by pathological fracture (arrow) and intra-articular
extension (arrowhead)
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joint involvement to be present if a mass was seen within the
joint space (Fig. 11b), or if there was definite breach of articular
cartilage by the tumour with or without a mass projecting into
the joint cavity. Involvement of the cruciate ligaments was also
taken as evidence of joint involvement. Based on these criteria,
MRI diagnosed joint involvement in 28% of patients with sen-
sitivity, specificity, PPV, and NPV being 100, 93, 83, and
100%, respectively when compared to pathological examina-
tion. Therefore, it seems clear that there is a tendency for MRI
to overestimate joint involvement, which may result in a higher
rate of extra-articular resection.

Distant staging

Metastatic disease in HG-OS is reported in 15-23% of cases at
presentation, being commoner in older patients, those with an
axial location of the primary tumour, those with greater tumour
size, and those with a lower human development index (HDI)
[54-56]. The lungs are the commonest site of metastases (86%)
followed by the skeleton (24%) [57]. Therefore, distant staging
is traditionally limited to assessment of the lungs with chest
radiography and non-contrast chest CT, and the skeleton with
99™-Tc whole body bone scintigraphy [7, 58].

An early study comparing whole body MRI (WB-MRI)
with skeletal scintigraphy and FDG-PET for the detection of
bone metastases in 39 children and young adults with a variety
of malignant tumours showed FDG-PET to be the most sen-
sitive technique, and WB-MRI to be more sensitive than scin-
tigraphy. However, only three of the patients had HG-OS [59].
More recently, the superiority of [18] FDG-PET/CT compared
to skeletal scintigraphy for identifying osseous metastases in
HG-O0S has been confirmed [60, 61]. Similarly, the superiority
of WB-MRI and DWI compared to skeletal scintigraphy in the
identification of skeletal metastases in a wide variety of pae-
diatric and adult cancers has also been established [62—64],
but there are no studies comparing WB-MRI with skeletal
scintigraphy in a large cohort of patients with HG-OS.

Biopsy guidance

Confirmation of the diagnosis of HG-OS is essential prior to
the commencement of neoadjuvant chemotherapy [2, 7].
Image-guided core needle biopsy is the technique of choice
and has a high diagnostic accuracy [65, 66]. However,
Interiano et al. [67] reported a significantly higher diagnostic
accuracy for open biopsy compared to percutaneous biopsy in
104 patients with HS-OS, percutaneous biopsy being success-
ful in only 73.1% of cases. Details of image guidance for
percutaneous biopsies were not given.

The biopsy should be undertaken in a specialist centre by an
experienced radiologist, the biopsy site having been discussed
with the surgical oncologist to allow the needle track to be
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excised at the time of surgery. MRI can play an important role
in planning the biopsy approach [68] demonstrating areas of
haemorrhage/necrosis which can be avoided (Fig. 12a), and
also allowing targeting of the extra-osseous component of the
tumour (Fig. 12b) which can provide a high diagnostic yield
[65]. Biopsy of a suspected skip metastasis located at a signif-
icant distance from the primary tumour may also be required, if
this would lead to a major change in the surgical technique.
Small skip metastases demonstrated by MRI may be occult
on CT, and although CT guidance can be used to target such
lesions based on comparison of anatomical landmarks, MR-
guided needle biopsy is an alternative technique [69, 70].

Surgical staging systems

A variety of surgical staging systems are available for HG-OS, all
of which involve assessment of local tumour extent and distant
disease, as well as histological grade [2, 42]. Therefore, MRI
plays a major role in surgical staging. The Enneking
(Musculoskeletal Tumour Society-MSTS) system describes the
local tumour extent as being either intra-compartmental or extra-
compartmental, the vast majority of appendicular HG-OS being
either Stage 2B (high-grade; extra-compartmental) (Fig. 13a) or
less commonly Stage 3 (associated with regional or distant me-
tastases). The American Joint Committee on Cancer (AJCC)
staging system considers maximal tumour dimension as being
the important local factor. Based on this system, most HG-OS are
either stage 2A (high-grade; < 8 cm) (Fig. 13b) or stage 2B (high-
grade; > 8 cm.) (Fig. 2b), and less commonly stage 3 (with skip
metastases) (Figs. 7a, b and c), stage 4A (with pulmonary me-
tastases) or stage 4B (with non-pulmonary metastases).
However, these staging systems predict sarcoma-specific surviv-
al rather than local recurrence, which is strongly related to che-
motherapy response and surgical margins. Jeys et al. [71] pro-
posed a new surgical staging system for HG-OS which took into
account these two factors and was more accurately able to predict

large extra-osseous mass demonstrating extensive blood-filled cystic
spaces (arrows), which should be avoided for biopsy. b Axial PDW
FSE MR image showing a large solid appearing extra-osseous mass
which can be targeted for biopsy (long black arrow)
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Fig. 13 Surgical staging. a Axial PDW FSE MR image showing a distal
femoral HG-OS (arrows), with an anteromedial extra-osseous extension
(arrowheads) consistent with stage 2B according to the MSTS staging
system. b Coronal TIW TSE MR image showing a < 8 cm distal femoral

HG-OS (arrow) consistent with stage 2A according to the AJCC staging
system

5-year local recurrence-free survival than the MSTS margin clas-
sification, but pre-operative MRI features were not considered.
More recently, a simplified staging system for sarcoma specific
survival (the Vanderbilt system) has been proposed, which takes
into account only histological grade and the presence of distant
metastases to any site [72]. This system performs as well as the
MSTS and AJCC staging systems for appendicular HG-OS.

Chemotherapy response and prognosis

The standard criterion for a good response to neo-adjuvant che-
motherapy is the presence of greater than 90% necrosis in the
resection specimen at detailed histopathological examination.
Response of HG-OS to neoadjuvant chemotherapy has been
extensively studied with a variety of MRI techniques. These
include prediction of response at initial MRI based on tumour
morphology, location and volume, and comparison of initial
and post-chemotherapy studies using dynamic contrast en-
hanced MRI (DCE-MRI) and more recently DWL

Prediction of response based on initial MRI

With regards tumour morphology, the presence of fluid-fluid
level (FFLs) on initial MRI has been shown to correlate with
poor chemotherapy response [73, 74]. In a study of 567
Enneking stage 2B HG-OS patients, 108 (19%) showed FFLs
on initial MRI. These were typically lytic proximal humeral
lesions that showed tumour enlargement following chemother-
apy and poor histological response. In addition, those tumours
showing FFLs involving < 1/3 of the tumour volume had a
particularly poor response. Kim et al. assessed the relationship
between tumour growth pattern on initial MRI with chemother-
apy response, 5-year metastasis-free survival and overall sur-
vival in 347 patients with Enneking Stage 2B and AJCC stage 2

HG-OS. Tumour growth pattern was classified as concentric
(64.8%) (Fig. 14a and b), eccentric (20.5%) (Fig. 13) and lon-
gitudinal (14.7%) (Fig. 14c). Eccentric tumours tended to be
small and responded well to chemotherapy, while concentric
tumours were large and responded poorly. In AJCC Stage 2B
patients, longitudinal tumours were associated with a signifi-
cantly better survival than concentric tumours [75].

Tumour size at presentation is also related to outcome. A
variety of methods have been described to ‘normalise’ tumour
volume to account for overall patient size and size of the bone of
origin. Lee et al. [76] compared absolute and relative tumour size
(the latter obtained by dividing absolute size by body surface
area) with metastasis-free survival (MFS). In addition to poor
histological response, large relative tumour plane (RTP), large
relative tumour area (RTA) and large absolute tumour width
(ATW) were associated with shorter MFS. Conversely, optimal
survival was associated with a combination of good histological
response and small RTP. Tumour axial ratio (TAR) [77] is a new
technique calculated by dividing the maximal tumour dimension
on axial MR images with a reference bone axial size (RBS) for
tumours arising in the distal femur, proximal tibia, proximal hu-
merus and proximal femur. When comparing TAR at initial pre-
sentation with TAR following neoadjuvant chemotherapy, a sig-
nificant reduction in TAR was only identified in patients who
survived for 5 years and those who were free of metastases.
Large initial tumour volume and tumour growth after neoadju-
vant chemotherapy are also poor prognostic factors [74].

Changes in tumour SI characteristics and tumour volume be-
tween initial staging MRI and post-chemotherapy MRI have also
been compared to histological response. In an early study,
Holscher et al. [78] identified that decreased tumour volume
and reduction of T2-weighted SI in the extra-osseous component
of the tumour correlated with good chemotherapy response. In a
follow-up study, the same authors showed that an increase in
tumour volume and increased or unchanged peri-tumoural oede-
ma were associated with a poor response, whereas a reduced or
unchanged tumour volume and decreased oedema were not pre-
dictive of a good response [79]. Increased tumour volume and
increased T2-weighted SI of the extra-osseous component are also
predictors of poor response after a single cycle of chemotherapy
[80]. Shin et al. [81] calculated tumour volume on three dimen-
sional MRI, and showed a significant relationship between chang-
es in absolute and relative tumour volumes, as well as extra-
osseous volume and chemotherapy response. Reduced or stable
tumour volume was associated with good response with a sensi-
tivity of 85%, specificity of 76% and PPV of 88%. However,
other small studies have not shown a correlation between tumour
volume changes and histological response [82, 83].

DCE-MRI

Chemotherapy induced changes in tumour neovascularity can
be assessed with DCE-MRI using a variety of complex
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Fig. 14 Tumour growth patterns.
a Coronal TIW SE and b axial
PDW FSE MR images showing
concentric growth of a distal
femoral HG-OS (arrows). ¢
Coronal TIW TSE MR image
showing longitudinal growth of a
femoral HG-OS (arrows)

parameters [82, 84—87]. Of these techniques, percentage slope
analysis seems to be the simplest. A meta-analysis of six studies
including 66 patients with HG-OS or Ewing sarcoma, defining
good response as a greater than 60% reduction in the slope of
the time intensity curve, demonstrated a pooled sensitivity and
specificity of 73 and 83%, respectively, for DCE-MRI [88].

DwiI

DWI is the latest MRI technique that has been used to assess
chemotherapy response in HG-OS. DWI provides a measure
of the mobility of water molecules within tissues. In theory,
tumour tissue is expected to be highly cellular thus impeding
the free movement of water, whereas necrotic tissue is acellu-
lar and allows free movement of water. This physical property
can be quantified using the apparent diffusion coefficient
(ADC), which may therefore be expected increase in the set-
ting of adequate treatment response [89].

Multiple studies have demonstrated the ability of DWI to
differentiate between good and poor treatment response in
HG-OS. In an early study of eight paediatric limb HG-OS,
Uhl et al. demonstrated significant changes in ADC values
before and after chemotherapy, and also significantly in-
creased ADC values in areas of necrotic tissue (mean
2.3 mm?/s) compared to areas of viable tissue (mean
0.8 mm?/s) following chemotherapy [90, 91]. Oka et al. inves-
tigated 22 patients with HG-OS, comparing average ADC and
minimum ADC values pre- and post-chemotherapy, and
found a significant increase in minimum ADC values in good
responders (> 90% necrosis) compared to poor responders.
However, the difference in average ADC values was not sta-
tistically significant [92]. Wang et al. performed DWI in 35
patients with appendicular HG-OS before and after neoadju-
vant chemotherapy, showing a significant increase in ADC
values overall following chemotherapy irrespective of the de-
gree of response. Those patients with a good response showed
significantly increased ADC values, and areas of necrotic tis-
sue also showed significantly higher ADC values than areas of
viable tissue [93]. Byun et al. compared PET-CT (difference in
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SUV), conventional MRI (difference in volume) and DWI
(difference in ADC) in 28 patients with HG-OS before and
after neoadjuvant chemotherapy. An increase in ADC value of
13% allowed prediction of good response with sensitivity,
specificity and accuracy of 83, 73, and 78%, respectively.
The specificity and accuracy increased to 87 and 85% respec-
tively when DWI results were combined with PET-CT, but
change in tumour volume was not predictive of response
[94]. Wang et al. assessed chemotherapy response with DWI
between different histological sub-types of HG-OS, identify-
ing that tumour necrosis could be differentiated from viable
tumour in fibroblastic and osteoblastic OS, but not in
chondroblastic OS due to the inherently high ADC values of
viable chondroblastic tissue [95]. Baunin et al. were able to
use DWI to predict eventual chemotherapy response based on
changes in ADC values between pre-chemotherapy and at
mid-treatment [96]. A recent meta-analysis of five papers in-
cluding a total of 106 patients has confirmed the ability of
DWI to predict response to chemotherapy in HG-OS [97].
However, an important current limitation of DWI is the non-
standardisation between MRI scanners and manufacturers.
Also, variation of acquisition and analysis methods make
ADC values non-comparable between different centres, and
therefore invalidates the use of DWI in multicentre trials [98].

It is therefore clear that changes on MRI may reflect the
response of HG-OS to chemotherapy, but the accuracy of this
assessment may not be high enough to rely on when planning
local surgical treatment. The accurate assessment of a tumour
as having responded poorly to neoadjuvant chemotherapy
may support primary amputation in some cases, rather than
limb sparing surgery, particularly if the predicted anatomical
margins will be close. In terms of systemic treatment, the
benefit of changing chemotherapy agents on the basis of re-
sponse has not been proven. Currently, the combination of
methotrexate, doxorubicin and cisplatin (MAP) is typically
used [99]. The addition of ifosfamide and etoposide
(MAPIE) was the subject of the EURAMOS-1 study, and
showed no survival advantage in patients showing a poor
response to neoadjuvant chemotherapy [100].
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Conclusions

MRI plays a vital role in the local staging of appendicular HG-
OS, allowing accurate assessment of intra-osseous tumour ex-
tent based on which the level of bone resection can be safely
planned. However, the sensitivity and specificity of MRI for the
detection of skip metastases in a large group of patients has yet
to be determined. The relationship of extra-osseous tumour to
the major neurovascular structures allows determination of
whether limb salvage surgery can be performed, but further
studies are required to identify if MRI can predict the develop-
ment of local recurrence based on the relationship of extra-
osseous tumour to the NVB. The current literature would sug-
gest that MRI overestimates joint involvement, which may re-
sult in an unnecessarily high rate of extra-articular resection.
MRI has a limited role in tumour characterisation, but is of
value in biopsy planning. A variety of techniques have demon-
strated the ability of MRI to predict chemotherapy response, but
the practical value of such information is presently limited due
to a lack of chemotherapeutic options, although it may provide
helpful information for surgical planning.
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