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Abstract: PET/MRI is an evolving hybrid imaging modality which combines the inherent strengths of MRIs soft-tissue
and contrast resolution and PETs functional metabolic capabilities. Bone and soft-tissue sarcoma are a relatively
rare tumor entity, relying on MRI for local staging and often on PET/CT for lymph node involvement and metastatic
spread evaluation. The purpose of this article is to demonstrate the successful use of PET/MRI in two sarcoma pa-
tients. We also use these patients as a starting point to discuss how PET/MRI might be of value in sarcoma. Among
its potential benefits are: superior TNM staging than either modality alone, decreased radiation dose, more sensi-
tive and specific follow-up and better assessment of treatment response. These potentials need to be investigated

in future PET/MRI soft-tissue sarcoma trials.
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Introduction

Sarcomas are a rare group of tumors, compro-
mising less than 1% of all newly diagnosed can-
cers and accounting for 2% of all cancer related
deaths with a 5 year survival rate of 60% [1-3].
While MRI is the mainstay for sarcoma imaging
[4, B], other imaging technologies, such as CT
and PET/CT, also play important roles in the
management of this disease. For staging pur-
poses, MR has high sensitivity for tumor detec-
tion and local staging. In posttreatment
patients MR with Gadolinium is often helpful to
differentiate between residual or recurrent
tumor from postoperative or treatment induced
changes [6]. Prior to surgery a CT of the thorax
delivers valuable information with regard to
lung metastases. PET/CT is of importance in
high-grade cases for lymph node assessment
and diagnosis of metastatic spread, including
lung metastasis [7-9].

PET/MRI was recently introduced in the clinical
arena as an evolving hybrid imaging modality
mainly applied in oncologic patients. This tech-
nique leverages the inherent strengths of MR,

with its high soft-tissue and contrast resolution
and multiparametric sequences, with those of
PET which can track tumor metabolism with
high sensitivity. Clinical experience with PET/
MR is still limited and mainly includes neurora-
diology applications [10-12]. Recently PET/MRI
was also evaluated for tumors in the chest and
abdomen with promising results [13, 14].

A current major challenge of this hybrid imaging
modality is attenuation correction. The need of
a reliable MR based attenuation correction
map for accurate standardized uptake values
(SUVs) measurements is critical. The commer-
cially available techniques are based on seg-
mentation and classification of different types
of tissue [15, 16]. The three segment model
(air, soft tissue and lung) uses a T1 weighted
multi-station spoiled gradient echo sequence
[17] and has been proven to be accurate when
compared to a transmission based approach
and to CT attenuation correction [18-20]. The
four segment model (air, soft tissue, fat and
lung) uses a T1 weighted 2-point Dixon
sequence that generates in-phase, out-of-
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Figure 1. Initial PET/CT done during radiation therapy shows spread of the disease beyond the primary tumor. In-
creased uptakes are noticeable in the head, upper right lung, upper left abdominal quadrant and right psoas (D).
Uptake in the descending colon was interpreted as physiologic. Axial CT (A), PET (B) and fusion (C) images show in
more detail the lesion described in the psoas, which is slightly noticeable in the CT image (A) as a less hypodense
structure inside the psoas and presents homogeneous FDG uptake in the PET image (B).

phase, water and fat only images applying dif-
ferent echo times [21]. Nonetheless with cur-
rent attenuation correction techniques cortical
bone cannot be reliably detected, leading to
errors of up to 18% in quantitative approaches
using MR based attenuation correction [22].

Despite the aforementioned challenges, PET/
MRI has potential benefits in oncology applica-
tions in which high soft-tissue contrast is
required or in which frequent follow-up studies
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in a young patient population without major
irradiation exposure have to be conducted [5].
Even before the introduction of PET/MRI sys-
tems the valuable approach of combining func-
tional PET information with the anatomical
detail of MRI has been discussed [23]. The pur-
pose of this technical report is to show our
experience using PET/MRI in two patients with
sarcoma and discuss the potential clinical
value of PET/MRI in this population for future
trials.
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Figure 2. Coronal CT reconstruction (A) and coronal T2w (B) fused with their corresponding PET in the contiguous
image (row A and B), reveals the higher soft-tissue resolution of MRI, allowing the identification of healthy muscle
(arrow) that is displaced by the heterogeneous tumor. Axial T2w (C and D) fused with the corresponding PET (row C)
and the DWI (row D) show the discrepant findings described in the text. Direct comparison of the PET MIPs shows
the successful performance of PET/MRI and the MR based attenuation correction map.

Both patients were enrolled in HIPAA compliant
studies which were approved by the local IRB
committee. The patients gave written informed
consent prior to enrollment.

Patient #1

A 49-year old male patient complaining of facial
swelling and dysphagia underwent surgery four
months prior to the PET/MRI for initial treat-
ment and staging purposes of a maxillary sinus
mass. During surgery it was observed that the
tumor extended into the maxillary sinus infil-
trating the roof. As the intraoperative biopsy
could not establish a clear diagnosis, a maxil-
lectomy was initially performed. After pathologi-
cal confirmation of the tumor etiology (spindle
cell maxillary sinus sarcoma) a revision maxil-
lectomy as well as orbital exenteration and eth-
moidectomy followed by free flap reconstruc-
tion was performed to pursue the surgical
treatment.

Because of tumor recurrence shortly after sur-
gery adjuvant radiotherapy was initiated (exter-
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nal beam radiation, total dose of 70.2 Gy). After
5 treatments of 10 Gy, the patient noticed
swelling in the right maxillary sinus flap, thus an
MRI of the area was requested. Findings in the
MR suspicious for recurrence and spread to
adjacent lymph nodes prompted a treatment
plan change increasing the dose to the recur-
rent tumor and extending the field caudally to
cover the involved lymph nodes. Due to the
recurrence and apparent progression of the
disease the patient was referred to our depart-
ment for PET/CT, which showed further disease
progression with multiple lymph node involve-
ment and various FDG avid lesions in the lung
and abdomen concerning for metastatic spread
(Figure 1), including a lesion in the right psoas.
Consequently concurrent chemotherapy (2
cycles of ifosfamide) was indicated. After the
second cycle of chemotherapy, and almost 2
months after initiation of the radiotherapy, a CT
of the abdomen and pelvis showed a large het-
erogeneous mass in the right psoas measuring
6.3 x 4.3 in axial dimension and 15 cm cranio-
caudally. Because of the inability to determine
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Figure 3. Axial T2w (A), STIR (B), DWI (C) and ADC (D) and the fusion of these images with the corresponding PET
shows integration of the PETs functional capabilities with MRIs local assessment of the recurrence (arrow heads).
Notice the peri-articular muscle uptake (arrows) which can be discarded as physiological due to the normal appear-
ance of that area in STIR, DWI and ADC images (arrows). Direct comparison of PET MIPs allows recertification of the

successful performance of the MR based attenuation correction map.

whether the mass was a hematoma or retro-
peritoneal metastasis, PET/CT followed by PET/
MRI was performed (Figures 2, 3). The studies
were conducted after finalization of the head
and neck radiation therapy. The findings in the
PET images of the PET/MRI matched those
found in the PET/CT (Figure 3) with similar SUV
values. Nonetheless better characterization of
the lesion was feasible due to MRIs superior
tissue resolution and use of DWI (Figure 2),
allowing thus the diagnosis of a heterogeneous
mass with central necrosis, as opposed to a
hematoma. These findings were somewhat
concordant to those of the PET/CT although
more conclusive. Also, mismatch of the area of
restriction in DWI and the area of FDG uptake
was evident. Meanwhile, between the first PET/
CT and the second PET/CT + PET/MRI lesions
seen in the head showed reduced FDG uptake,
while the other described lesions, except the
enlarging psoas mass, demonstrated no inter-
val change. The FDG uptake of the head and
neck lesions in the first PET/CT could be closely
related to inflammatory changes due to the
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radiation therapy. Detection of these findings
was crucial as it led to a new chemotherapeutic
treatment with cisplatin and adriamycin. The
patient is currently undergoing chemotherapy
and awaiting new control studies after finishing
treatment.

Patient #2

A 19 year old female patient initially presented
three years prior to the PET/MRI due to a mass
like lesion in the upper right thigh. An MRI of the
area showed a subcutaneous soft tissue mass
with defined borders that did not invade the
adjacent muscular compartment. This enhanc-
ing solid soft-tissue mass underwent an exci-
sional biopsy demonstrating a high grade soft
tissue sarcoma. Due to the histological findings
the patient underwent wide re-excision of the
previous biopsy site.

Two years after the initial diagnosis a pulmo-
nary lesion suspicious for recurrence was
detected on follow up studies prompting a diag-
nostic thoracoscopy with left upper lobectomy.
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When pathology confirmed it as recurrence the
patient underwent 6 cycles of chemotherapy
(ifosfamide and doxorubicin).

Six months after finishing the chemotherapy
the patient was referred to our department for
follow up with MRI and PET/CT suggesting
enrollment in the double scan protocol (PET/CT
and PET/MRI). After giving consent, the patient
was injected F18-FDG on the PET/MRI exami-
nation table and MRI of the thigh was per-
formed during the radiotracer uptake phase. At
62 minutes after FDG injection the PET from
the PET/MRI was acquired. Once the PET acqui-
sition was finalized the patient was taken to the
PET/CT and the examination was performed 99
minutes after injection. The MRI of the thigh
and the PET/CT were read as separate studies
and the PET/MRI was analyzed in light of those
findings. While the MRI showed a bone marrow
replacing lesion in the right ischium/posterior
acetabulum that seemed to break through the
cortical bone extending into the surrounding
soft tissue; the PET/CT showed an FDG avid
soft tissue lesion in the same region and two
more FDG avid foci in relation to lytic lesions in
L1 and L2. Analysis of the PET/MRI (Figure 3)
allowed successful identification of all the
described findings while providing a direct and
reliable comparison of MRIs multiparametric
sequence (DWI) and the FDG uptake as evi-
denced in the PET.

Discussion

The MR component of the PET/MRI was useful
in patient #1 to accurately diagnose the enlarg-
ing right psoas mass. MR demonstrated a right
sided psoas mass with central necrosis which
may have represented a hematoma, possible
abscess or neoplasm. The PET exam showed
high peripheral SUVs, these findings combined
with the MR images were most consistent with
metastatic malignancy. Based on these find-
ings the multidisciplinary board decided to re-
start a chemotherapy regimen. Patient #1 dem-
onstrates how PET/MRI can provide in a single
exam, anatomic and functional information
that impacts treatment decisions. Furthe-
rmore both patients show that PET/MRI is a
valuable technique as a potential one stop-
shop approach.

Prognosis and treatment decisions of sarcoma
need accurate staging. The T staging using
PET/MRI equals that of an MR only approach
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while adding simultaneous N and M staging
from the PET component. Furthermore, new
PET tracers like 11C-choline demonstrated
promising results for N staging of sarcoma [24]
which used concurrently with sequences, such
as STIR and DWI should allow for more accu-
rate and precise assessment of lymph node
involvement. In terms of M staging PET/MRI
might gain a substantial role for liver, bone and
brain lesions [25], thanks to the MR compo-
nent, while still maintaining the other areas
were PET is beneficial. Research to understand
whether MRI multiparametric imaging capabili-
ties combined with the metabolic PET informa-
tion can better detect and characterize necro-
sis and viable solid tumor component is needed
as evidenced in our patients: In patient #1 DWI
findings weren’t completely concordant with
FDG findings. This differentiation between
tumor and necrosis is of interest, in particular
for re-staging purposes after radiation therapy
or chemotherapy and for prognosis [26, 27].
With regard to prognosis SUVs derived from the
PET component are of interest as higher values
are associated with lower survival [28].

Another area where PET/MRI shows promise is
in therapy response assessment. Therapy of
sarcoma implicates a complex multidisciplinary
approach including surgery, chemotherapy
and/or radiation therapy and most recently
molecular therapeutics [29]. It is important to
find the optimal therapy regimen and to assess
therapy response reliably towards an individu-
alized oncologic approach. In current sarcoma
imaging therapy response evaluation is reflect-
ed in the RECIST criteria [30]. The RECIST crite-
ria are mainly based on tumor size changes but
some molecular therapy strategies have anti-
cancer effects without reducing the actual
tumor size but inducing alterations in the tumor
microenvironment [31]. In a recently published
manuscript treatment changes were induced in
21 out of 23 patients based on PET/CT results.
Those changes included pivotal decisions like
referring patients to chemotherapy instead of
the originally planned surgery [32]. Diffusion
weighted sequences and SUV values over time
in PET positive lesions have been shown to be
useful for treatment response assessment in
this patient population [33-35]. The correlation
between FDG-PET and diffusion weighted MRI
for therapy response as shown in previous
studies [36, 37] has a high sensitivity. The com-
bination of PET/MRI information should help
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assess treatment response more accurately by
combining different surrogate markers and
multiparametric imaging sequences.

Among the different multiparametric sequenc-
es currently available and under research the
ones that show promise in tumor response
assessment are: DWI with ADC maps, DCE,
BOLD and MR spectroscopy. For example, DWI
can help assess cell density based on how free-
ly water molecules can move within the tissue,
and helps to distinguish viable tumor from fibro-
sis or necrosis. At the same time, the quantita-
tively derived ADC values from this sequence
have implications for predicting response to
chemotherapy [38, 39]. Dynamic contrast
enhanced imaging may help assess vascular
density by analyzing the contrast enhancement
pattern, while research is being done to evalu-
ate if it can show early treatment response to
anti-angiogenic treatment. Also, the contrast
wash-out pattern gives information about leak-
age of the microvessels. On the other hand,
BOLD sequences can help determine areas of
tumor hypoxia which in turn may facilitate radi-
ation therapy planning [40, 41]. Finally MR
spectroscopy may be useful for assessing the
local spread and tumor microenvironment as it
is already done in brain tumor imaging [42, 43].

To summarize the hypotheses derived from two
sarcoma patients PET/MRI is of interest for pri-
mary diagnosis and staging as the PET compo-
nent can complement the MR derived informa-
tion and vice versa. For distant metastases and
adenopathy detection the MR may complement
the essential molecular information derived
from PET. Finally functional imaging with
advanced MR sequences (e.g. DWI) and depic-
tion of metabolism with PET may prove highly
valuable for treatment assessment.

Low dose oncologic imaging has gained tre-
mendous interest in recent years, in particular
in the pediatric population. The highly interest-
ing study of Pearce and colleagues revealed a
positive correlation of radiation dose from CT
scans with leukemia and with brain tumors.
The authors concluded that cumulative CT
doses of 50 mGy could almost triple the risk for
leukemia and cumulative CT doses of 60 mGy
could triple brain tumor risks [44]. Meanwhile,
pediatric cancer patients need an average of
3.2 PET/CT exams [45]. The frequent follow-up
with PET/CT implies a significant radiation bur-
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den. Hence PET/MRI is of interest in follow-up
of children and young adults who would have
had received otherwise a PET/CT. In an initial
case description PET/CT has been replaced by
PET/MRI in a young woman with aggressive
fibromatosis. This patient needed frequent fol-
low-up studies after administration of imatinib
therapy. PET/MRI was performed to avoid expo-
sure to a high radiation dose over time [46].
The benefit of PET/MRI to reduce radiation
doses has been discussed in a recently pub-
lished article applying PET/MRI in pediatric
oncology patients [47]. The authors estimated
that the PET/MRI radiation dose, which was
around 4.6 mSy, equals 20% of the dose of
PET/CT [47, 48]. It can be thus concluded that
PET/MRI is beneficial for the pediatric and
young adult sarcoma population with the goal
to decrease the cumulative radiation dose.

One of the major limitations is that we were not
able to correlate the discordant findings from
PET/MRI with histopathological features, as
surgical treatment was discarded for patient #1
due to the extent and spread of the disease. A
further limitation is that we present only two
patients. To investigate the findings and hypoth-
eses larger clinical studies are warranted in the
near future.

Conclusion

PET/MRI has recently entered the clinical arena
and potential applications of this hybrid imag-
ing technology are currently being investigated.
As shown in these two patients, PET/MRI might
be of value for tumor characterization in sarco-
ma patients. Besides better TNM staging, in
vivo imaging of cancer metabolism and micro-
environment with PET/MRI might also be of
value in soft-tissue sarcoma with regard to a
more reliable treatment response evaluation.
MR and PET as standalone imaging modalities
have already been proven to be beneficial in
these patients. The hybrid imaging modality
PET/MRI needs to be further explored in sarco-
ma patients with the goals of improving stag-
ing, response to therapy evaluation and
decreasing cumulative radiation dose.
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