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Background and objectives: Sarcoma preoperative planning critically depends on MRI, sometimes
uninformative when compartments barriers or critical structures are involved.

objective: to prospectively assess the feasibility and the potential of 7T MRI in sarcoma.

Methods: Two patients with femoral chondrosarcoma were CT and MRI (1.5 and 7T) scanned with T1IW,
T2W, GRE and DTI sequences. Image quality and characteristics of the tumors were compared between
these modalities.

Results: In-plane resolution was higher at 7T as compared to 1.5T MRI, tumor delineation was more reliable
and soft tissue involvement was clearer. DT imaging and corresponding ADC mapping allowed a clear
distinction between edema and tumor and identified tumor involvement of collateral ligament allowing
healthy structures sparing with histopathology confirmation. 7T MRI was also able to define cortical
reaction as precisely as CT imaging.

Conclusion: Musculoskeletal tumours UHF-MRI is promising. Higher resolution and enhanced signal to
noise ratio improved tumoral assessment, infiltration and cortex changes. One could expect this non-
radiating technique to replace CT investigation for bone tumours assessment and open new perspectives in
the fields of vascular or nerve salvage and response to chemo/radiotherapy. Healthy tissue sparing might be
facilitated with impacts on function, complication or reconstruction type.

removal of healthy tissues. This type of surgery is based on a
preoperative MRI investigation within a tight cooperation between
expert radiologists and surgeons. The main issue for this type of surgery
is related to the potential sparing of limb and can be compromised if
vessels or nerves are involved by the tumor. On that basis, a proper
resection protocol is intended to perform a safe oncological surgery and
to spare these structures [2]. Although imaging details provided by MRI

Introduction

Sarcomas are generally handled by a complete surgical resection and for
some histological subtypes, it represents the only therapeutic solution [1,
2]. Curative surgery is commonly targeting a complete removal of the
tumor through en-bloc resection which necessarily ends up with the

*Correspondence to: Jean-Camille Mattei, Secretariat Orthopedie 3A Pavillon Mistral Hopital Nord, Chemin des Bourrely, 13015 Marseille, France; Tel:
+33631502927; Fax: +33491966081; E-mail: mattei.orthopedie@gmail.com


https://www.sciencerepository.org/clinical-oncology-and-research
https://www.sciencerepository.org/
mailto:mattei.orthopedie@gmail.com
Alexandre
Rectangle 

Alexandre
Rectangle 

Alexandre
Rectangle 


7T musculoskeletal tumors assessment

and/or CT-Scan might be helpful, per operative conditions may
compromise safe removal and/or create unscheduled technical
difficulties [2]. In addition, tumor margins delineation might be a
complex task, especially when radiologists and surgeons have to face a
tumoral surrounding edema and decide to grade it as inflammatory or
tumoral [3].

Although MRI and PET-MRI protocols have been optimized for tumor
characterization, residual disease detection or response to chemotherapy
evaluation, the issue of margin delineation has been scarcely addressed.
Few studies have investigated the potential of diffusion-weighted
sequences or contrast injection for margins delineation, however the
presence of a surrounding edema is still a concerning issue, often
impacting the length and thickness of the resected soft tissues with
deleterious consequences on functional results and oncological
outcomes [4-13]. In addition, tumor cells have been reported sometimes
beyond the MRI limits of the tumor within the edematous area [14].
Resection quality is currently assessed by expert pathologists on the
basis of microscopic, immuno-histochemical and molecular analyses
[15]. The gold standard of a RO resection remains one of the strongest
prognostic factors and R1 or R2 resections have been linked to poorer
outcomes [16, 17]. Recent studies indicated that a 1-mm resection
margin would be safe thereby emphasizing the potential interest of high-
resolution imaging for the preoperative assessment of sarcoma [18, 19].
This observation has been supported by a study which confirmed that
routine MRI was not able to detect fascia infiltration in 1/3 of the cases
thereby misleading the surgical resection plan [10]. Ultra-high field MRI
(i.e. MRI achieved with magnetic field larger than 3T) has been
developed over the last few years. The corresponding higher spatial
resolution has been mainly used in the neurological and MSK fields with
recognized applications for cartilage and bone micro-architecture [20-
23]. To our knowledge, the potential of UHF MRI has been preliminary
published in some neoplasms but never been assessed in the field of
margins delineation of soft tissue tumors. In the present study, we aimed
at reporting a preliminary evaluation of UFH MRI for the pre-operative
assessment of malignant bone tumors and discussing its potential impact
in this field, based on actual oncology bibliography [24-26].

Patients and Methods
| Patients

Two patients (65 and 68-year-old) prospectively volunteered between
June 2018 and August 2018 to take part in the project. Informed consent
was obtained from all individual participants included in the study. Both
patients had a biopsy-proven localized chondrosarcoma of the distal
femur.

11 MRI Protocol

As part of the standardized evaluation, both patients had a 1.5T MRI and
a CT-scan evaluation while a UHF MRI was performed as part of the
present research protocol. The conventional 1.5T MRI protocol (Amira
Siemens, Erlangen, Germany) was performed with an 18-element
phased array knee coil and included T1-weighted, T2-weighted, and
contrast-enhanced T1-weighted images in the coronal, axial, and/or
sagittal plane. T1-weighted images (spin echo, TR/TE/number of

excitations (NEX)/in plane resolution = 600 msec/8 msec/1/1.1*0.8 mm)
and T2-weighted 1images (fast spin echo, TR/TE/ flip
angle/bandwidth/NEX/in  plane resolution = 4600 msec/113
msec/160°/200 kHz/3/0.9*1 mm) were obtained with a 3.5 mm slice
thickness and a 3.5 mm interslice gap. CT scan (Aquilion Prime, Canon
Medical Systems, Otawara, Japan) was performed using a cranio-caudal
helical acquisition. Fixed parameters were used according to the
manufacturer  recommendations:  80x0.5mm  detectors, 40mm
collimation, 0.5s rotation time, pitch factor of 0.625, 120Kv tube
voltage, auto-exposure of mAs intensity, FC30 soft filter, AIDR-3D
enhanced reconstruction.

Regarding the 7T MRI protocol, a GRE sequence was performed in the
coronal plane (TR/TE/number of excitations (NEX)/in plane resolution
= 80 msec/10 msec/1/0.4*0.4 mm). The DTI was also performed in the
coronal plane using an EPI DTI fat-suppressed scheme (TR/TE/number
of excitations (NEX)/in plane resolution/b values = 7500 msec/74.8
msec/1/1*1 mm/0-500 s/mm2) as previously described [27]. Uniform
regions of interest (ROIs) were manually drawn in different parts of the
tumor on the coronal GRE MRI. A rigid registration process was used in
order to propagate the corresponding masks to the DT images and the
diffusion coefficient was measured in the edematous region, the bone
cortex, the endosteum and intra-medullary tumors. A comparative
assessment of image quality (1.5T and 7T MRI and CT-scan) was
performed by an MSK expert radiologist (CC).

Results

There was no secondary effect to be reported during the UHF MRI scan.
In both cases, image resolution was larger at UHF as compared to what
is commonly reported in conventional MRI and close to the resolution
usually obtained in CT scan. In plane resolutions (mm*mm) were
respectively 0.4*0.4, 0.7*0.5, 0.8*0.8 and 1*1 for GRE, T1SE, TIRM
and EPI DIFF sequences compared with 1*1, 1.1*0.8 and 0.8*0.6 for
T2SE FS, T1SE and T1FS with contrast, respectively. The
musculoskeletal expert radiologist did confirm that the tumor delineation
was easier in UFH MR images.

Patient A: This patient had a grade-2 chondrosarcoma of the distal
femur. As illustrated in figure 1, the distal limits of the tumor were
clearly visible at 7T whereas they appeared as a blurry signal at 1.5 T. In
addition, the bone marrow change down to the epiphysis was visible at
7T but not at 1.5T. Both tumor and edematous areas could be easily
distinguished at 7T but not at 1.5 T (Figure 2), where infiltration of
muscle fibers was clearly visible using UHF MRI whereas this was
impossible using 1.5 T MRI. The very high resolution offered by UHF
MRI allowed us to determine that the cortical was not disrupted and that
the tumor was purely intra-osseous. As a further quantitative support,
diffusion coefficients measured at 7T on the ADC segmented map were
significantly higher in the tumor region as compared to the surrounding
edema (Table 1 and Figure 3). This difference allowed a clear distinction
to be made between tumoral tissue and inflammatory reaction. Based on
the UHF MRI observations and measurements, tumor resection was
performed taking into account that the hyper contrasted area was an
edematous/inflammatory signal and the surrounding muscles were
preserved. According to the pathological evaluation and in agreement
with the 7T MRI findings, there was no cortical disruption and no
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tumoral tissue was found at the margins, which were considered as wide
(RO) by the pathologists (Figure 4).

Table 1: ADC coefficient of zones of interest in Figure 3 according to
the same zones delineations. The coefficients were significatively
different between tumour (Zone 1) and surrounding edema (Zone 4),
p=0,025.

Zone ADC diffusion coeff SD

Tumor (1) 2,5 +/- 0,6
Endosteum (2) 2,22 +/-0,4
Cortex (3) 0,6 +/- 0,2
Edema (4) 1,3 +/- 0,2

Patient B: Patient B had a chondrosarcoma localized in the medial
condyle of the distal femur. According to the tumor extension, the
surgical plan could have been either a partial knee excision or a total
knee replacement. Similarly, to what has been observed for Patient A,
cortical disruption could be assessed at UHF but not using conventional
MRI (Figure 5). The ADC diffusion map quantitatively confirmed
(Figure 6) the tumoral nature of the hypersignal around the cortical
disruption, indicating soft tissue involvement next to the medial
collateral ligament (MCL). On that basis, decision was taken to partially
excise the MCL. Based on the sole 1.5T MRI investigation, MCL would

Fig 2C

not have been excised and the oncologic outcomes might have been
poorer. MCL sheath involvement was later confirmed from histological
analyses. Of interest, 7T MRI was also used in order to design a 3D-
printed personalized cutting guide which we used to minimize bone
resection and to perform a partial knee reconstruction.

Figure 1: MRI results for Patient A.

Coronal views of distal femur. Left side: T1 TSE sequence using
conventional MRI, Right side: T1 TSE sequence using UHF MRI.
Tumour delineation, intra-tumoral calcifications, cortex reaction and
bone marrow changes are clearer, and UHF MRI was able to detect
infiltration going down to the epiphysis and not visible using
conventional MRI (arrow).

Fig 2D

Figure 2A: Coronal views of distal femur. Left side: T2 FS sequence using conventional MRI, Right side: GRE sequence using conventional UHF MRI.
Delineation of the edema through muscle fibres is more visible on UHF MRI (arrow), which would help in cases where distinction between edema and

tumour is dubious.

Figure 2B and C: CT scan images (distal femur axial and coronal views, respectively) compared with Figure 2D (Axial view of distal femur), left: T1 FS
after contrast-agent injection, right: GRE sequence with UHF MRI. Cortical resolution was equivalent to what can be observed on a CT scan, with
visualisation of cortical radiant layers due to tumour growth (arrow 1). Endosteal scalloping was as clear as CT views on UHF MRI and edema analysis was
sharper as for Figure 1. Vessels anatomical layers were clear, which will help with future assessment of vascular involvement and surgery planning (arrow

2).

Clinical Oncology & Research doi:10.31487/j.COR.2019.06.02
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Discussion

Based on this case series, the present results clearly illustrated that UHF
MRI outperformed conventional MRI in terms of malignancy
characterization, diagnosis and local extension. Advantages of UHF
MRI have been already documented in the oncological field, especially
in prostate cancer, brain, oesophageal or cervical tumors [28-34]. Non-
pathological imaging of bowel has shown increased spatial resolution
and interestingly better signal of vessels in abdomen, which seems to be
confirmed on our images with clear delineation of vessels anatomical
layers [35, 36]. These studies supported the imaging superiority of UHF
over conventional MRI. The present study further supports this
superiority for sarcomas investigations and illustrates that surgical plan
might be optimized. This issue of surgical margins and tumor delineation
is of paramount importance in the field of MSK oncology. Margins have
been empirically defined considering that fasciae, septa, periosteum or
cortical bone would be strong barriers against tumoral involvement of
adjacent compartments. However, despite wide excision and safe
pathological margins, a substantial recurrence rate has been reported for
sarcomas and so most likely because tumoral infiltrations in peri-tumoral
edema have been undetected [14, 37]. This would support a low
sensitivity of conventional MRI for the detection of tumoral tissue
infiltration given that up to one third of fascia tumoral infiltrations could
be missed [10]. Diffusion-weighted imaging (DW!I) and/or contrast
agents have been used to rule out compartments and fasciae
involvement. However, contrast to noise ratio of DWI are poor using
conventional MRI so that sensitivity or specificity are not improved [10,
11]. The optimization of noise to signal ratio already mentioned in other
oncological 7T studies ad our preliminary results may suggest that tumor
vs. edema distinction could be facilitated in ultra-high field
examinations, improving surgical plan, margins and healthy tissue
sparing.

Figure 3: Left side: manual segmentation of zones of interest; right side:
ADC map. All merged with GRE anatomical sequence.
1: tumour, 2: endosteum, 3: cortex, 4: peri-osseous edema;

From a theoretical point of view, a higher magnetic field is expected to
provide a better contrast to noise ratio together with a higher resolution.
Such a boosting effect has been acknowledged in neurological and MSK

fields but, to our knowledge not in sarcoma surgery [38]. The higher
spatial resolution in UHF MR images have been used for the detection
of damaged tissues in meniscal or cartilage pathologies and for the
investigation of bone microarchitecture [39- 41]. The higher resolution
provided by UHF MRI might also change the surgical planning for
tumors with a very high infiltrative capacity such as myxofibrosarcoma
(MFS), Undifferentiated Pleomorphic Sarcomas (UPS) or epithelioid
sarcoma [37, 42]. This remains an ongoing issue in “tail-like pattern”
sarcomas, with high risk of recurrence, poorer prognosis, even with
extensive tissue resections [43, 44]. Promising results have been found
in abdominal 7T imaging especially regarding vessels analysis, also
advocating that contrast injection might become optional in vessels
analysis. Sarcoma involving neuro vascular structures will certainly
benefit from this technical improvement, especially when vessel
resection and/or reconstruction is at stake [36]. Crombé et al. have
identified MRI features at 1.5 T such as peritumoral enhancement, the
presence of an area compatible with necrosis and heterogeneous signal
intensities in T2W images which could be linked to high grade-tumours.
One could expect, as previously suggested, that UHF MRI might play a
role in sarcoma prognosis analysis and patient outcome assessment [45,
46].

3
—_—

Figure 4: Histopathology slide: endomedullary Grade 2
chondrosarcoma with minimal cortical erosion. The lesion thickened the
cortex and no tumoral cells breached into the soft tissues. 1: endosteal
tumour, 2: thickened cortex, 3: surrounding muscle, free form tumour
involvement;

Figure 5: MRI results for Patient B.
Left: CT scan, coronal view of femoral metaphysis and epiphysis
Middle: UHF MRI coronal view of femoral metaphysis and epiphysis
(GRE 3D sequence)

Right: Conventional MRI coronal view of femoral metaphysis and
epiphysis (T2 FS sequence).

Cortical disruption can be assessed at UHF MRI and CT but not on the
conventional 1.5T MRI. Its detection seems even more precise on UHF
MRI than CT (arrows).
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Figure 6: Left: GRE axial view of distal femur using UHF MRI.

Right: ADC map computed from UHF MRI acquisitions and merged on
GRE sequence. Postero-lateral cortical disruption and soft tissue close to
medial collateral ligament (MCL, arrows) was most probably involved
by tumor. ADC map (Right) coefficients comparison confirmed the
coefficient to be the same in the tumour than in the soft tissue
hypersignal, suggesting the MCL to be involved by the tumour. This was
confirmed by histo-pathological analysis

Using conventional MRI, a recent study failed to highlight imaging
features of small tumors (<2cm) for which biopsy is difficult [47]. Based
on the present results, one can hypothesize that UHF MRI might be
helpful. UHF MRI should also play a role for the evaluation of
therapeutic strategy (surgical or medical) in sarcoma and also when an
additional surgery is planned, and that extensive healthy tissues resection
must be prevented. Tumour delineation is also a critical issue in other
cancers and previous UHF MRI studies have addressed this issue in
glioma and glioblastoma. This approach has been shown safe and
feasible for guiding radiation therapy, while offering an enhanced
depiction of tumour delineation and possibly modifying tumour target
volumes [48-49]. Cell-infiltration is often ill-defined in glioblastoma
using contrast-enhanced T1W MRI. Perfusion imaging conducted at
UHF illustrated that regions of low tumour infiltration could be probed
even in and beyond the oedematous T2 hyperintensity region
surrounding macroscopic tumour [50]. UHF anatomical and DW MRI
have also been reported as efficient for partial nephrectomy in small
renal masses indicating a potential use in perioperative assessment with
a maximal sparing or renal parenchyma without compromising
oncological outcomes, similarly to sarcoma.

In terms of diagnosis and tumor detection, 7-Tesla MRI has been
described as a safe procedure in breast cancer [51]. 3D chemical-
exchange saturation transfer imaging (CEST) showed that magnetization
transfer asymmetry values were positively correlated with tumor
proliferation and that this index might become a biomarker of high
interest in breast tumor characterization [52]. In prostate cancer, early
detection of adenocarcinoma with discrimination among cancer stages
has been reported as possible in mice model using apparent diffusion
coefficient (ADC) [53]. In addition, the combination of T2 and
Diffusion-weighted imaging might spare contrast injection. A good
reproducibility and detection rate using such a combination have been
reported [29]. It has also been confirmed that signal to noise ratio (SNR)
in 7T images was largely improved (3-fold) as compared to what could
be obtained at 3T thereby supporting the superiority of 7T MRI in terms
of tumor characterization, tumor aggressiveness staging, tumor
metabolism and extra-capsular extension detection. UHF MRI has also

shown interesting results in tumor characterization in brain and prostate.
In prostate cancer, R2* mapping has been used at 7T to assess
hypoxemia, a prognosis factor of resistance to therapy. In brain, 7T
imaging with short echo-time was found to be useful in the evaluation of
the metabolic profile in glioma which could be used as a prognosis factor
of treatment efficacy or disease progression [31]. Patch-based super-
resolution reconstruction might also be used in high-resolution multi-
metabolite mapping of gliomas and in targeted therapies, especially
those involving glutamine metabolites. Apart from the superior SNR and
CNR, UHF MRI can be used to assess nuclei other than 1H such as 23Na
and 31P. Sodium imaging at UHF has been used for assessing IDH
mutation status and tumour progression in glioma. On that basis, the new
classification approach which has been proposed at early stage, might
lead to avoid invasive stereotaxic biopsy and promote individualized
patient management [54].

Ultra-high field MRI could also play a major role for the assessment of
tumours treatments. It has been shown that 7T MRI could be safely and
efficiently used during radiofrequency treatments [55]. More
specifically, CEST imaging was able to differentiate viable tumour cells
from necrotic areas before and after chemotherapy and so in accordance
with histological assessment [56]. Subtle metabolites changes have been
detected during chemotherapy using 31-phosphorus (31P) MRI at UHF
so that non responders could be distinguished from partial and complete
responders. In brain, CEST imaging performed at 7T was able to
distinguish stable and progressive disease under chemo-radiotherapy[57,
58]. Particular attention should however be paid to specific tumour
characteristics. For instance, Dreher et al. did find that NOE and Amine
Proton Transfer differed between various anatomical brain locations
[59]. These studies advocate for a refinement of cell death detection
methods and the need of predictive models for response to treatment and
for clinical outcomes. In uterine pathology where benign masses might
be mistaken with sarcoma, DTI could likely benefit from the superior
SNR offered by UHF MRI. Interesting results regarding malignancy
characteristics of a given lesion have been reported at 3T [60]. Machine
learning might also benefit from technical advances in this field [61, 62].

Conclusion

Considering the spatial resolution of MR images obtained at 7T, UHF-
MRI of musculo-skeletal tumours seems very promising. Thanks to the
enhanced signal to noise ratio, tumours could be more accurately
delimited and distinguished from edema. One can reasonably expect an
important impact of UHF-MRI on the surgical planning of sarcoma
resection, especially for the sparing of healthy tissues. The present
preliminary study confirmed a high potential of UHF-MRI in the field of
musculoskeletal tumours and showed that UHF-MRI could play a role
for the surgical management of sarcoma. Anatomical GRE sequences
could provide an image resolution similar to what could be obtained
using CT scan. On that basis, one could expect that for this particular
aspect, UHF MR, a non-radiating technique, could replace the radiating
CT-scan investigation. The higher resolution provided by UHF MRI
allowed us to uniquely assess the local tumour extension and to clearly
assess tumoral infiltration of soft tissues. Such an approach could open
new perspectives in the fields of epiphysis preservation in children,
vascular or nerve salvage, response to chemotherapy or radiotherapy
assessment, detection of tumoral clusters away from the lesion and
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muscle resection with an expected large impact on function,
complication or reconstruction type. These promising results would have
to be confirmed in a larger cohort of patients. All procedures performed
in studies involving human participants were in accordance with the
ethical standards of the institutional and/or national research committee
and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.
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