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Case Report
PET/MRI Imaging in High-Risk Sarcoma: First Findings and
Solving Clinical Problems
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Simultaneous positron emission tomography (PET) and magnetic resonance imaging (MRI) is a new whole-body hybrid PET/MR
imaging technique that combines metabolic and cross-sectional diagnostic imaging. Since the use of MRI in imaging of soft-tissue
sarcoma is extremely beneficial, investigation of the combined PET/MRI is of great interest. In this paper, we present three cases and
first data. Combined PET/MRI technique can support the process of clinical decision-making and give answers to somemeaningful
questions when treating patients with STS. Therefore, the combined modality of simultaneous PET/MRI offers new pieces to the
puzzle of sarcoma treatment.

1. Introduction

Simultaneous positron emission tomography (PET) and
magnetic resonance imaging (MRI) is a new whole-body
hybrid PET/MR imaging technique that combines metabolic
and cross-sectional diagnostic imaging. Recently, Buchben-
der and colleagues [1] presented a review of the literature
in the use of PET/MRI in oncology. They also stated that in
certain domains like soft-tissue sarcoma (STS) no published
reports are yet available.

To further address the potential benefit of combined PET/
MRI in a disease, where the soft-tissue contrast in MRI could
be extremely beneficial, we want to present our first data and
discuss further fields of research.

FDG-PET and PET/CT have been widely investigated in
staging and restaging of sarcoma [2, 3]. PET/CT has been
investigated in STS for biopsy guidance [4, 5], response
assessment [6, 7], and grading [8]. Moreover, whole-body
imaging can contribute to the multimodality in treatment

of sarcoma [9] and prognosis of patients with STS [10].
PET/CT can also be used to accurately identify local disease
recurrence in sarcoma patients [11]. FDG-PET has been
demonstrated to be highly superior in detecting bone and
lymph node metastases in paediatric sarcoma patients com-
pared to conventional imaging [12], leading to an upstaging
in a high percentage of patients [13].

Previously it has been demonstrated that FDG-PET and
FDG-PET/CT can be used to predict metastases-free survival
in patients with sarcoma of the extremities treated with
neoadjuvant chemotherapy (CTX) [7, 14]. PET/CT was also
superior to changes in size alone in predicting response to
CTX [15]. Yet, there were also findings that do not support the
use of PET in metastatic disease [16] and question the benefit
of combined PET/CT [17]. However, very promising results
were presented by Herrmann et al., showing that PET/CT
can also be used as a prognostic marker in STS [18]. For that
reason it is obvious to investigate the addition of functional
PET to MRI.
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Figure 1: A 51-year-old male patient with rhabdomyosarcoma of the left thigh. Fused FDG PET/MR images before ((a)–(c)) and after
chemotherapy ((d)–(f)). While the tumour size did not change significantly during chemotherapy ((d) and (e)), the FDG uptake is markedly
reduced in comparison to the initial images ((a) and (b)). A light increase of FDG uptake is seen in some left inguinal lymph nodes; it did not
change under chemotherapy ((c) and (f)), and the lymph nodes were proven to be benign by histology.

MRI is thewidely recommended andmost valuable imag-
ing technique for soft tissue sarcoma. It preferably gives
additional information compared to a CT scan. MR imaging
allows superior contrast imaging which can especially con-
tribute to the preoperative situation. It also appears superior
in delineating vascular and neural structures from tumour
tissue. MRI has also been superior to CT in certain sarcoma
subtypes with unique metastatic patterns. Schwab et al.
strongly supported the use of MRI to more accurately detect
spinal metastases in myxoid liposarcoma [19]. Moreover,
MRI does not have any radiation exposure.

2. Results

We present first findings using combined PET/MRI tech-
nique to support the process of clinical decision-making. In
this brief report, by presenting three case reports we want to
focus on some meaningful questions when treating patients
with STS.

2.1. What Advantage Do We Have When Using PET/MRI in
the Neoadjuvant Setting? There is some evidence for the use
of perioperative CTX, especially in younger patients. Several
studies have shown conflicting results about adjuvant CTX in
STS. Whereas some were in favor of CTX [20], other results
were rather disappointing, because there was no benefit in
overall survival [21, 22]. Meta-analysis found a significant
advantage in relapse-free and overall survival [23, 24]. So
it is still a matter of debate, which patients might have an
advantage using adjuvant CTX [25, 26].

Therefore, the treatment guidelines of sarcoma research
and treatment organizations have recommended a shared
decision-making process considering among others age,

tumour-subtype, grading, and size [27]. According to a retro-
spective French analysis only patients with grade 3 tumours
benefit from adjuvant CTX [28].

Nonetheless, there are still some problems and uncer-
tainties about the neoadjuvant therapy. There is a substantial
risk of progression with a potential risk of losing the chance
of complete resection. Also, there are difficulties in the
interpretation of response. RECIST criteria often do not
match with clinical and histological responses to therapy.
Cell death cannot be detected by conventionalMRI diameter.
Response in sarcoma can also occur with cystic changes that
can mimic progressive disease.

Case 1. A 51-year-old man presented with a rhabdomyosar-
coma of the proximal thigh. The tumour measured 13 ×
18 × 21 cm by CT scan with suspected metastases in the
lung, lymph nodes, and bone. In order to improve knowledge
about the actual tumour stage and plan possible multimodal
treatment, functional imaging was additionally performed.
PET/MRI showed a markedly elevated SUV uptake in the
primary tumour (SUVmax = 7,6) and less activity in the
inguinal lymph nodes (SUVmax = 2,5) (Figure 1). After two
cycles of neoadjuvant therapy with epirubicin and ifosfamide
the tumour showed a persisting FDG activity in SUVmax
= 8.3, but a markedly decrease of cumulative SUVmean.
At the same time, the tumour was progressive as measured
by conventional criteria. The regional lymph nodes showed
nonsignificant persistence of SUVmax.

It was decided to cancel further neoadjuvant treatment
due to progression in size and move forward to resection.
In the pathological report the tumour had 40% necro-
sis. Regional lymph nodes, which had been attributed to
metastatic disease, were not involved. So far, there are no
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Figure 2: A 68-year-old patient with liposarcoma of the oropharynx. A maximum intensity projection (MIP) of the PET shows increased
FDG uptake in the tumour ((f), arrow) as compared to the PET six months before (c). The short tau inversion recovery (STIR) images ((a)
and (d)) and the corresponding fused PET/MR images ((d) and (e)) show no change in tumour size over six months.

data of functional activity of the primary tumour compared
to metastases in the same patient. Due to the discrepancy
in activity of 4,0 in our patient, FDG-PET could help to
distinguish between reactive and metastatic lymph nodes.
Also, addition of a functional component could help to
early detect responders in patients receiving neoadjuvant
therapy. In this case, considering PET criteria could have
given evidence to continue neoadjuvant systemic therapy. As
outlined earlier, FDG-PET can give additional meaningful
information for the decision-making process, but by today it
cannot be considered the standard of care.

2.2. Is There a Need for PET/MR Imaging in Metastatic
Advanced Disease? The main goal in palliative treatment of
patients with STS is to reduce symptom burden and prolong
progression-free or even overall survival. In light of emerging

therapeutic options, it is important not to stick to futile
therapeutic regimens.

Case 2. A 68-year-old patient presented with a recurrent,
rapidly growing and inoperable G3 liposarcoma of the
oropharynx. Primary resection and adjuvant radiotherapy
had been completed one year before. After the initial CTX
with epirubicine and ifosfamide the tumour remained stable
(9 × 5 × 3 cm). The clinical problem was that a progressive
tumour would rapidly cause a blocking of the airways. We
therefore decided to use combined PET/MRI in addition to
conventional imaging for early detection of tumour activ-
ity. After 6 months, the second followup showed a 67%
increase in metabolic activity with no change in size at that
time (Figure 2). We started 2nd-line systemic therapy with
trabectedin and could detect tumour shrinkage after the
first three cycles. So in this case, by adding the functional



4 Case Reports in Oncological Medicine

(a) (b) (c)

(d) (e) (f)

Figure 3: A 68-year-old patient with abdominal liposarcoma.The large tumour (white arrows) is well recognizable on both the T2-weighted
images ((a) and (d)) and the contrast-enhanced, fat-saturated T1-weighted images ((b) and (e)).The fused PET/MR images ((c) and (f)) show
an inhomogeneous FDG uptake (black arrows).

component the patient could be withheld from a dramatic
complication to progressive disease without exerting addi-
tional toxicity.

2.3. Can PET/MR Resolve Discrepancies between Histological
Grading and the Clinical Course of the Disease?

Case 3. In a 68-year-old female patient, after previous
gross resection and long-term stabilization of an abdom-
inal/retroperitoneal highly differentiated liposarcoma MRI
showed a massive progression within only three months with
features like necrosis often seen in high-grade sarcomas.
This was accompanied by pollakisuria due to compression
of the bladder and severe abdominal pain. Transformation
to a high-grade liposarcoma was suspected. Further biopsies
would be at risk of not being representative for a tumour
harbouring regions with a potentially different grading.

The tumour was 23 × 19 × 10 cm in size, partly necrotic,
and showed only a slight uptake of FDG (Figure 3).Therefore,
it was decided to resect the tumour. In case of a high-
grade relapse we certainly would have favoured a systemic
treatment approach.The histological examination confirmed
the suspected relapse of the well-differentiated liposarcoma.

3. Conclusion

The new combined PET/MRI technique offers some interest-
ing and promising diagnostic and therapeutic information
to all clinicians, which have to deal with a magnitude of

individual scenarios of patients with soft tissue sarcoma.
We report on one case, where PET/MRI was used to guide
neoadjuvant treatment. This is even more important, since it
has been formerly demonstrated that in neoadjuvant treat-
ment of soft tissue sarcoma PET is superior to conventional
imaging in predicting pathological response [15]. Taking
into account the potential prognostic value of preoperative
PET [10], confirmatory studies on the value of perioperative
chemotherapy in patients with high-risk soft tissue sarcomas
are urgently needed.

Furthermore, we report on a case with metastatic dis-
ease, where PET/MRI was able to contribute to the
decision-making about the appropriate time for reinitiating
chemotherapy. In clinical routine sometimes it might be
of great value for the patient to anticipate the onset of
progressive disease. Moreover, morphologic changes as part
of response but mimicking progression defined by RECIST
criteria may be misleading and prevent the patient from
having clinical benefit by withdrawing an active drug.

The third case demonstrates that in large and heteroge-
neous tumours PET/MRI can help to guide tumour biopsy or
judge the grading and thereby assist the clinician when con-
sidering different therapeutic options [8, 29]. So altogether,
the combinedmodality of simultaneous PET/MRI offers new
pieces to the puzzle of sarcoma treatment.

Conflict of Interests

The authors declare that they have no conflict of interests.



Case Reports in Oncological Medicine 5

Authors’ Contribution

Markus K. Schuler, Stephan Richter, and Gerhard Ehninger
treated and observed the patients. Bettina Beuthien-
Baumann, Ivan Platzek, and Jörg Kotzerke provided the
radiographic and functional images. Peter Reichardt and
Jörg van den Hoff contributed to the conceptual and
methodical part, including the literature search and data
interpretation. All authors participated in writing the paper
and everyone read and approved of the final paper.

References

[1] C. Buchbender, T. A. Heusner, T. C. Lauenstein, A. Bockisch,
andG.Antoch, “Oncologic PET/MRI, part 2: bone tumors, soft-
tissue tumors, melanoma, and lymphoma,” Journal of Nuclear
Medicine, vol. 53, pp. 1244–1252, 2012.

[2] M. H.M. Schwarzbach, A. Dimitrakopoulou-Strauss, F.Willeke
et al., “Clinical value of [18-F] fluorodeoxyglucose positron
emission tomography imaging in soft tissue sarcomas,” Annals
of Surgery, vol. 231, no. 3, pp. 380–386, 2000.

[3] J. D. Lucas, M. J. O’Doherty, J. C. H. Wong et al., “Evaluation
of fluorodeoxyglucose positron emission tomography in the
management of soft-tissue sarcomas,” Journal of Bone and Joint
Surgery. British, vol. 80, no. 3, pp. 441–447, 1998.

[4] R. J. Hicks, G. C. Toner, and P. F. M. Choong, “Clinical appli-
cations of molecular imaging in sarcoma evaluation,” Cancer
Imaging, vol. 5, no. 1, pp. 66–72, 2005.

[5] M. R. Benz, N. Tchekmedyian, F. C. Eilber, N. Federman,
J. Czernin, and W. D. Tap, “Utilization of positron emission
tomography in the management of patients with sarcoma,”
Current Opinion in Oncology, vol. 21, no. 4, pp. 345–351, 2009.

[6] M. R. Benz, J. Czernin, M. S. Allen-Auerbach et al., “FDG-
PET/CT imaging predicts histopathologic treatment responses
after the initial cycle of neoadjuvant chemotherapy in high-
grade soft-tissue sarcomas,”Clinical Cancer Research, vol. 15, no.
8, pp. 2856–2863, 2009.

[7] U. Tateishi, A. Kawai, H. Chuman et al., “PET/CT allows
stratification of responders to neoadjuvant chemotherapy for
high-grade sarcoma: a prospective study,” Clinical Nuclear
Medicine, vol. 36, no. 7, pp. 526–532, 2011.

[8] A. L. Folpe, R. H. Lyles, J. T. Sprouse, E. U. Conrad III, and J.
F. Eary, “(F-18) fluorodeoxyglucose positron emission tomog-
raphy as a predictor of pathologic grade and other prognostic
variables in bone and soft tissue sarcoma,” Clinical Cancer
Research, vol. 6, no. 4, pp. 1279–1287, 2000.

[9] H. Jalal, Z. Belhadj, H. Enneddam et al., “Contribution of mag-
netic resonance imaging in the diagnosis of talus skip metas-
tases of Ewing’s sarcoma of the calcaneus in a child: a case
report,” Journal of Medical Case Reports, vol. 5, article 451, 2011.

[10] M. H. M. Schwarzbach, U. Hinz, A. Dimitrakopoulou-Strauss
et al., “Prognostic significance of preoperative [18-F] fluo-
rodeoxyglucose (FDG) positron emission tomography (PET)
imaging in patients with resectable soft tissue sarcomas,”Annals
of Surgery, vol. 241, no. 2, pp. 286–294, 2005.

[11] M. W. B. Arush, O. Israel, S. Postovsky et al., “Positron emis-
sion tomography/computed tomography with 18fluoro-deoxy-
glucose in the detection of local recurrence and distant metas-
tases of pediatric sarcoma,” Pediatric Blood and Cancer, vol. 49,
no. 7, pp. 901–905, 2007.

[12] T. Völker, T. Denecke, I. Steffen et al., “Positron emission
tomography for staging of pediatric sarcoma patients: results of

a prospectivemulticenter trial,” Journal of ClinicalOncology, vol.
25, no. 34, pp. 5435–5441, 2007.

[13] J. S. Kneisl, J. C. Patt, J. C. Johnson, and J. H. Zuger, “Is PET use-
ful in detecting occult nonpulmonary metastases in pediatric
bone sarcomas?” Clinical Orthopaedics and Related Research,
no. 450, pp. 101–104, 2006.

[14] S. M. Schuetze, B. P. Rubin, C. Vernon et al., “Use of positron
emission tomography in localized extremity soft tissue sarcoma
treated with neoadjuvant chemotherapy,”Cancer, vol. 103, no. 2,
pp. 339–348, 2005.

[15] V. Evilevitch, W. A. Weber, W. D. Tap et al., “Reduction of
glucose metabolic activity is more accurate than change in size
at predicting histopathologic response to neoadjuvant therapy
in high-grade soft-tissue sarcomas,” Clinical Cancer Research,
vol. 14, no. 3, pp. 715–720, 2008.

[16] D. Roberge, M. Hickeson, M. Charest, and R. E. Turcotte,
“Initial McGill experience with fluorodeoxyglucose PET/CT
staging of soft-tissue sarcoma,” Current Oncology, vol. 17, no. 6,
pp. 18–22, 2010.

[17] M. R. Benz, J. Czernin, M. S. Allen-Auerbach et al., “3󸀠-
deoxy-3󸀠-[18F]fluorothymidine positron emission tomography
for response assessment in soft tissue sarcoma: a pilot study to
correlate imaging findings with tissue thymidine kinase 1 and
Ki-67 activity and histopathologic response,” Cancer, pp. 3135–
3144, 2012.

[18] K. Herrmann, M. R. Benz, J. Czernin et al., “18F-FDG-PET/CT
imaging as an early survival predictor in patients with primary
high-grade soft tissue sarcomas undergoing neoadjuvant ther-
apy,”Clinical Cancer Research, vol. 18, no. 7, pp. 2024–2031, 2012.

[19] J. H. Schwab, P. J. Boland, C. Antonescu, M. H. Bilsky, and J. H.
Healey, “Spinal metastases from myxoid liposarcoma warrant
screening with magnetic resonance imaging,” Cancer, vol. 110,
no. 8, pp. 1815–1822, 2007.

[20] S. Frustaci, F. Gherlinzoni, A. De Paoli et al., “Adjuvant
chemotherapy for adult soft tissue sarcomas of the extremities
and girdles: results of the italian randomized cooperative trial,”
Journal of Clinical Oncology, vol. 19, no. 5, pp. 1238–1247, 2001.

[21] E. Gortzak, A. Azzarelli, J. Buesa et al., “A randomised phase II
study on neo-adjuvant chemotherapy for “high-risk” adult soft-
tissue sarcoma,” European Journal of Cancer, vol. 37, pp. 1096–
1103, 2001.

[22] P. J. Woll, M. van Glabbeke, P. Hohenberger et al., “Adju-
vant chemotherapy (CT) with doxorubicin and ifosfamide
in resected soft tissue sarcoma (STS): interim analysis of a
randomised phase III trial,” Journal of Clinical Oncology, vol.
18S, 2007.

[23] N. Pervaiz, N. Colterjohn, F. Farrokhyar, R. Tozer, A. Figueredo,
and M. Ghert, “A systematic meta-analysis of randomized con-
trolled trials of adjuvant chemotherapy for localized resectable
soft-tissue sarcoma,” Cancer, vol. 113, no. 3, pp. 573–581, 2008.

[24] Sarcoma Meta-analysis Collaboration (SMAC), “Adjuvant
chemotherapy for localised resectable soft tissue sarcoma in
adults,” Cochrane Database of Systematic Reviews, no. 4, Article
ID CD001419, 2000.

[25] J.-Y. Blay andA. Le Cesne, “Adjuvant chemotherapy in localized
soft tissue sarcomas: still not proven,” Oncologist, vol. 14, no. 10,
pp. 1013–1020, 2009.

[26] S. M. Schuetze and S. Patel, “Should patients with high-risk soft
tissue sarcoma receive adjuvant chemotherapy?” Oncologist,
vol. 14, no. 10, pp. 1003–1012, 2009.



6 Case Reports in Oncological Medicine

[27] P. G. Casali and J.-Y. Blay, “Soft tissue sarcomas: ESMO clinical
practice guidelines for diagnosis, treatment and follow-up,”
Annals of Oncology, vol. 21, no. 5, pp. v198–v203, 2010.

[28] A. Italiano, F. Delva, S. Mathoulin-Pelissier et al., “Effect of
adjuvant chemotherapy on survival in FNCLCC grade 3 soft
tissue sarcomas: a multivariate analysis of the French Sarcoma
Group Database,” Annals of Oncology, vol. 21, no. 12, pp. 2436–
2441, 2010.

[29] W. Brenner, J. F. Eary, W. Hwang, C. Vernon, and E. U. Conrad,
“Risk assessment in liposarcoma patients based on FDG PET
imaging,” European Journal of Nuclear Medicine and Molecular
Imaging, vol. 33, no. 11, pp. 1290–1295, 2006.


