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Histogram analysis of b900 signal intensity and of ADC values.

A whole pelvis volume-of-interest defined on examination 1 (using b900 images) and applied to all examinations after robust,
elastic image registration. Left column: pixel scatter plots of muscle normalized b900 signal intensity (x-axis) and ADC values
(y-axis). Middle and right columns: Relative frequency, muscle normalized b900 and ADC histograms showing serial changes over
time (superior to inferior) for both treatments. The control lines on the histograms and scatter plots are placed on 3 and 9 for
normalized b900 signal intensity and 650 and 1500 um®/s for ADC. A unimodal, non-normal ADC histogram with a positive skewness
and kurtosis is observed at baseline and each time the patient relapses. Hormone therapy results in a shift of the ADC histogram
towards higher values (fewer blue pixels) but mean ADC increases are not large. With chemotherapy, the mean ADC values increase
markedly with a negative skewness consistent with decreasing cellularity due to chemotherapy. ADC values decrease over time
with chemotherapy but without high kurtosis developing consistent with bone marrow repair utilizing mechanisms including the
removal of dead tumor cells, loss of tissue water, bone sclerosis, fat deposition and reduced perfusion (see Fig.3 above for T2-weighted
imaging correlate). However, once chemotherapy is stopped, positive skewness and increasing kurtosis of ADC histograms
re-emerges consistent with disease relapse. Note how the scatter plot moves to the left each time the patient responds (decreases
in normalized b900 signal intensity). All analyses were done using OncoCare* software (Siemens Healthcare, Erlangen, Germany).

Lecouvet FE, et al. MRI for response
assessment in metastatic bone disease.
Eur Radiol. 2013; 23(7): 1986-97.
Padhani AR, et al. Therapy monitoring
of skeletal metastases with whole
body diffusion MRI. J Magn Reson
Imaging 2014; 39(5):1049-78.
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Clinical Interventional MRI

Clinical Case: 3 Tesla MR Neurography-Guided
Posterior Femoral Cutaneous Nerve Block

John Morelli; Jan Fritz

Musculoskeletal Radiology, Johns Hopkins University School of Medicine, Baltimore, MD, USA

Background

The posterior femoral cutaneous
nerve (PFCN), formerly known as the
small sciatic nerve, is a sensory nerve
formed by the sacral plexus (Fig. 1).
It provides innervation to the posterior
thigh into the popliteal area via its
descending cutaneous branch and
innervation to the proximal medial
thigh, the perineum, scrotum/labia,
and penis/clitoris via its perineal
branch. Additionally, the inferior clu-
neal branches innervate the inferior
buttocks.

Posterior femoral cutaneous neuro-
pathy is an important differential
consideration in the setting of poste-
rior thigh, perineal, and gluteal pain.
Causes include repetitive trauma
such as from cycling or irritation in
the setting of hamstring tendinopathy
at the ischial tuberosity. Neuropathy

Posterior femoral
cutaneous nerve

Perineal branch

Descending branch

can affect the nerve at different
levels throughout its course: Involve-
ment of the cluneal branches mani-
fests as clunealgia, the descending
cutaneous branches as posterior
thigh pain, and the perineal branches
as pelvic pain. Isolated neuropathy
of the perineal branch of the PFCN is
difficult to distinguish from pudendal
neuropathy due to the overlapping
innervation of the perineum [1].

Selective diagnostic blocks of the
PFCN can be helpful in this setting to
assess the contribution of the nerve
to patient symptoms and to localize
a surgical target. Early injection tech-
niques have been based on targeting
near the ischial tuberosity without
imaging guidance. While techniques
utilizing computed tomography (CT)
have also been described, high-reso-

Illustration demon-
strating the anatomy
of the posterior
femoral cutaneous
nerve, which carries
cutaneous sensory
fibers and innervates
the gluteal region,
the perineum, and
the back of the thigh
and leg.
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lution 3 Tesla (T) magnetic resonance
neurography (MRN) enables highly
accurate visualization of the PFCN [2].
As such, an MR-conditional needle can
be utilized for precise targeting and
monitored perineural drug delivery.
The gains in signal-to-noise at 3T
when compared to 1.5T or lower field
open scanners, enable rapid acquisi-
tion of high-resolution MR images for
definite identification, guidance and
targeting of the PFCN, thus facilitating
technically successful and highly valid
injection.

Case scenario

This 48-year-old African American
woman with 9 out of 10 left buttocks
pain that radiated into the perineum
and posterior left thigh was referred
by a peripheral nerve surgeon for a
diagnostic perineural injection of the
left posterior femoral cutaneous nerve
with a long-acting local anesthetic
agent. Leading differential diagnoses
included PFCN and pudendal neuropa-
thy. The PFCN block was requested

to be performed proximally along the
nerve's course near the ischial tuberos-
ity, prior to the origin of the perineal
branch of the PFCN.

The procedure was performed on a 3T
MR imaging (MRI) system (MAGNETOM
Skyra). For pre-procedural planning,
high-resolution MR neurography was
performed through the pelvis includ-
ing the PFCN. Non-fat saturated proton
density (PD) turbo spin echo (TSE)
images (TR 7110 ms, TE 28 ms, matrix
640 x 400, FOV 35 x 28 cm, GRAPPA
iPAT 2, slice thickness 2 mm) were
acquired to evaluate and localize the
posterior femoral cutaneous nerve
using the body matrix coil and ele-
ments of the in-built spine matrix for
signal reception posterior femoral



Axial proton density-weighted MR image obtained for
pre-procedural planning demonstrates tendinopathy at
the left hamstring origin from the ischial tuberosity
(yellow arrow) in addition to focal hyperintensity within

the left posterior femoral cutaneous nerve (orange arrow).
The latter finding is consistent with the patient’s history
of posterior femoral cutaneous neuropathy.

Axial proton density-weighted MR image performed

for skin entry site localization demonstrating the position
of the skin marker (yellow arrow) relative to the posterior
femoral cutaneous nerve (orange arrow).

Sequential proton density-weighted MR images demonstrate advancement of the needle to the posterior femoral cutaneous nerve
(orange arrows). In the final image (4B), the needle tip (yellow arrow) is located adjacent to the posterior femoral cutaneous nerve.

cutaneous (Fig. 2). On these initial
images, an intermediate grade partial
thickness tear of the left hamstring
origin was noted as well as minimal
hyperintensity involving the left poste-
rior femoral cutaneous nerve. A modi-
fied PD TSE pulse sequence images
(TR 2500 ms, TE 20 ms, matrix 512 x
384, FOV 35 x 22 cm, GRAPPA iPAT 2,
slice thickness 2 mm) aforementioned
sequence was repeated for identifica-
tion of the skin entry point and for
subsequent monitoring of the needle
position (Fig. 3)*. Optimization of scan

parameters and reduction of the
number of slices to 5 resulted in a
scan acquisition time of 20 seconds.

Once the skin entry site was selected,
the skin over the left posterior proxi-
mal thigh was prepared and draped
using sterile technique. Local anes-
thesia was achieved with a subcuta-
neous injection of 1% lidocaine.
Under intermittent MRI guidance
utilizing the aforementioned PD TSE
sequence, a 10 cm 20 gauge needle
was advanced adjacent to the left
posterior femoral cutaneous nerve

(Fig. 4). A test injection of 0.5 ml of
sterile normal saline was performed
followed by axial STIR images (TR
3500 ms, TE 68 ms, matrix 384 x
275, FOV 35 x 22 cm, GRAPPA iPAT 2,
slice thickness 4 mm) demonstrating
appropriate fluid distribution around
the PFCN (Fig. 5). Subsequently, cir-
cumferential perineural drug delivery
was accomplished utilizing 3 ml of
ropivacaine and 1 ml of Kenalog 40
as confirmed on post-procedural fat
saturated T2-weighted images con-
firmed accumulation of fluid around

*Metal: The MRI restrictions (if any) of the metal implant must be considered prior to patient undergoing MRl exam. MR imaging of patients with metallic implants
brings specific risks. However, certain implants are approved by the governing regulatory bodies to be MR conditionally safe. For such implants, the previously
considered prior to patient undergoing MRl exam. MR imaging of patients with metallic implants brings specific risks. However, certain implants are approved by
the governing regulatory bodies to be MR conditionally safe. For such implants, the previously mentioned warning may not be applicable. Please contact the
implant manufacturer for the specific conditional information. The conditions for MR safety are the responsibility of the implant manufacturer, not of Siemens.
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Axial STIR MR image acquired
following the injection of 0.5 ml
of sterile normal saline demon-
strate appropriate fluid distri-
bution (yellow arrow) around the
posterior femoral cutaneous
nerve (orange arrow).

Post-procedural T2-weighted
images obtained with spectral fat
saturation demonstrate the PFCN
(orange arrow) bathing in ropiva-
caine and steroid following the
injection of a total of 4 ml of the
solution (yellow arrow).

Three-dimensional fat saturated T2-weighted (TR 1600, TE 120) SPACE images
with isotropic voxel sizes enables multi-planar reconstructions in any arbitrary
plane. For post-injection imaging, this is useful as the nerve (orange arrows) can be
evaluated both in standard planes (7A) and oblique planes along its longitudinal
course (7B). The yellow arrows indicate the injectant.

Contact

Jan Fritz, M.D.

Johns Hopkins University School of Medicine
Russell H. Morgan Department of Radiology
and Radiological Science

601 N. Caroline Street, JHOC 5168
Baltimore, MD 21287, USA

jfritz9@jhmi.edu

the PFCN (TR 4000, TE 70, 488 x 384,
FOV 35 x 22 cm, GRAPPA iPAT 2, 3 mm
slice thickness) (Figs. 6, 7).

Following the procedure, the patient
demonstrated exclusive anesthesia in
PFCN distribution with post-procedural
loss of light touch and pain sensation,
confirming the technical success of the
injection. The patient’s pain improved
to 2 out of 10, representing a positive
pain and identifying the PFCN as a
major contributor to the patient’s pain
syndrome. The patient was discharged
the same day in excellent condition.
No complications occurred.

The high signal-to-noise ratio available
with a state-of-the-art 3T MR imaging
system provides the unprecedented
ability to perform high-resolution MR
neurography-guided perineural injec-
tions for highly accurate visualization
of small nerve as well as needle target-
ing and perineural injection. This case
report demonstrates how this tech-
niques facilitates accurate targeting of
the PFCN. High-resolution MR neurog-
raphy is advantageous because of its
unparalleled pairing of high contrast
and spatial resolution, which is in con-
tradistinction to blindly performed
blocks or blocks performed under fluo-
roscopic or CT guidance. MRl is the
preferred techniques due to exquisite
nerve visualization, visualization of the
injectants without the need of an addi-
tional contrast agent, unrestricted
multiplanar imaging and finally the
lack of ionizing radiation.

We thank the Johns Hopkins Interven-
tional MRI technologists Rose Butts
RT(R)(CT)(MR), Lisa Martin RT(R)(MR),
Krista Kahler RT(R)(MR), Amy Ring RT(R)
(MR), and Kristen Whitson RT(R)(MR)
for their superb expertise and dedicated
patient care.

Fritz, J., et al., Magnetic resonance neurog-
raphy-guided nerve blocks for the diagnosis
and treatment of chronic pelvic pain
syndrome. Neuroimaging Clin N Am, 2014.
24(1): p. 211-34.

Fritz, J., et al., High-resolution magnetic
resonance-guided posterior femoral
cutaneous nerve blocks. Skeletal Radiol,
2013.42(4): p. 579-86.



Case Series:

Minimally Invasive 3 Tesla Interventional MRI

Kemal Tuncali, M.D.

Brigham and Women'’s Hospital, Dept. of Radiology, Boston, MA, USA

Case 1

76-year-old man with cirrhosis was
discovered to have a 2.5 cm lesion in
segment 4/8 of the liver suspicious
for a hepatocellular carcinoma (HCC).
This was visualized on a 1.5 Tesla MRI
study only with the use of i.v. con-
trast. It was not seen by ultrasound
or CT scan. Hence, MRI-guided biopsy
was performed in 3 Tesla MR
(MAGNETOM Verio, Siemens
Healthcare, Erlangen, Germany).

Case 2

65-year-old woman with history of
breast cancer and a newly discovered
1.3 cm left kidney upper pole lesion
suspicious for tumor. To differentiate
between metastasis versus a renal
origin tumor, percutaneous biopsy was
indicated. However, this small renal
mass was embedded in the renal
parenchyma and very difficult to see
with other imaging modalities except
for MRl where it was well visualized
even without the use of i.v. contrast
material. 3T MRI (MAGNETOM Verio,
Siemens Healthcare, Erlangen,
Germany) with spine coil elements
and body matrix coil was used for
imaging.

Using spine coil elements and body
matrix coil, the lesion is seen as a T1
hyperintense mass (Fig. 1). This was
used to guide 22 gauge MRI-compati-
ble needles into the mass and Fine-
needle aspiration (FNA) biopsy was
performed under local anesthesia and
i.v. procedural sedation. The patient
tolerated the procedure well without
complications and the pathology
proved the lesion to be an HCC.

Axial T2w TSE respiratory triggered
sequence (BLADE) provided excellent
visualization of the small lesion and
needle location (18 gauge MRI-com-
patible) with minimal artifact (Fig. 2).
The procedure was performed under
local anesthesia and i.v. procedural
sedation. The patient tolerated the
procedure well without complications.
Pathology showed mucinous tubular
and spindle cell carcinoma, a low
grade primary cancer of the kidney.

*Metal: The MRI restrictions (if any) of the metal implant must be considered prior to patient undergoing
MRI exam. MR imaging of patients with metallic implants brings specific risks. However, certain implants
are approved by the governing regulatory bodies to be MR conditionally safe. For such implants, the
previously considered prior to patient undergoing MRl exam. MR imaging of patients with metallic
implants brings specific risks. However, certain implants are approved by the governing regulatory bodies
to be MR conditionally safe. For such implants, the previously mentioned warning may not be applicable.
Please contact the implant manufacturer for the specific conditional information. The conditions for
MR safety are the responsibility of the implant manufacturer, not of Siemens.

MRI guided liver biopsy.
Intraprocedural axial T1-weighted
SPGR (VIBE) shows liver lesion
and biopsy needle*.

MRI guided kidney biopsy.
Intraprocedural axial T2w respiratory
triggered TSE (BLADE) shows the

18 gauge biopsy needle in the small
renal mass.
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Case 3

57-year-old woman with a 2 cm left
kidney upper pole biopsy proven renal
cell carcinoma. Its small size and intra-
parenchymal location in the upper
pole renders it challenging for partial
nephrectomy. Since it is well seen on
MRI, cryoablation using MRI guidance
was preferred as a minimally-invasive
nephron-sparing treatment option.

3T MRI (MAGNETOM Verio, Siemens
Healthcare, Erlangen, Germany) with
spine coil elements and an 11 cm loop
coil was used for imaging.

Axial and sagittal HASTE sequence
was used to place three 17 gauge
MRI-compatible cryoablation probes
(Galil Medical, Plymouth, PA USA) and
to monitor the ablation (Fig. 3). This
helped cover the tumor completely
while preventing injury to adjacent
pancreas and adrenal gland. The pro-
cedure was performed in the prone
position under general anesthesia
without complications.

Case 4

68-year-old man with a 2.9 cm

left lower pole biopsy proven renal cell
carcinoma, discovered during hematu-
ria workup. Due to comorbid coronary
artery disease, patient was referred for
minimally invasive, nephron sparing
image-guided cryoablation. MRI guid-
ance was preferred due to tumor
proximity to ureter to minimize risk

34

Cryoablation of native renal mass.

(3A) Intraprocedural axial T2w HASTE shows two of the probes in the renal
tumor. (3B) Sagittal T2w HASTE obtained 10 min into the 2™ freezing cycle
shows the iceball close to adjacent pancreas but without overlap.

(3C) Axial T2w HASTE obtained at the end of the 2™ 15 min freezing cycle shows
that the iceball has eclipsed the tumor and is close to the adjacent adrenal gland

but without overlap.

of injury. 3T MRI (MAGNETOM Verio,
Siemens Healthcare, Erlangen,
Germany) with spine coil elements
and body matrix coil was used for
imaging. Axial T2W HASTE sequence
was used to place three 17 gauge
MRI-compatible cryoablation probes
(Galil Medical, Plymouth, PA USA)
and to monitor the ablation (Fig. 4).

This ensured covering the tumor
completely while preventing injury to
adjacent ureter. The procedure was
performed in the prone position under
local anesthesia and i.v. procedural
sedation. The patient tolerated the
procedure well without
complications.

Cryoablation

of native renal mass.

(4A) Intraprocedural axial T2w
HASTE shows first of the three probes
being placed in the renal tumor.
(4B) Intraprocedural axial T2w
HASTE obtained at the end of the
2" 15 min freezing cycle shows that
the iceball has eclipsed the tumor
without overlapping adjacent
proximal ureter.



Case 5

68-year-old man with 2.4 cm left
lower pole renal cell carcinoma. Due
to history of lung cancer, cutaneous
T-cell lymphoma and chronic lympho-
cytic leukemia, he was referred for
percutaneous cryoablation as a mini-
mally invasive, nephron sparing
treatment option.

Case 6

66-year-old woman with a 2.1 cm
biopsy proven renal cell carcinoma
inside of a renal transplant located in
her right lower abdomen. She was
referred for percutaneous cryoabla-
tion as a minimally-invasive nephron-
sparing treatment option. The tumor
margins were not well seen on ultra-
sound or CT scan due to its small

size and intraparenchymal location.

Contact

75 Francis St

3T MRI (MAGNETOM Verio, Siemens
Healthcare, Erlangen, Germany) with
spine coil elements and body matrix
coil was used for imaging. Axial T2w
HASTE sequence was used to place
three 17 gauge MRI-compatible
cryoablation probes (Galil Medical,
Plymouth, PA USA) (Fig.5A). Then,
for more detailed monitoring of

the ablation, we utilized an axial T2w

However, MRI showed the tumor
very well. 3T MRI (MAGNETOM Verio,
Siemens Healthcare, Erlangen,
Germany) with spine coil elements
and an 11 cm loop coil was used

for imaging.

Axial T2w TSE sequence was used to
place three 17 gauge MRI-compatible
cryoablation probes (Galil Medical,

Kemal Tuncali, M.D.
Brigham and Women’s Hospital
Department of Radiology

Boston, MA 02115, USA
ktuncali@partners.org

Cryoablation of native renal mass.
(5A) Intraprocedural axial T2w HASTE
shows first of the three probes being
placed in the renal tumor.

(5B) Intraprocedural axial T2w respi-
ratory triggered TSE (BLADE) obtained
at the end of the 2" 15 min freezing
cycle shows that the iceball has eclipsed
the tumor without overlaping adjacent
colonic wall.

respiratory triggered TSE (BLADE)
sequence (Fig.5B). This ensured cover-
ing the tumor completely while pre-
venting injury to adjacent colon. The
procedure was performed in the prone
position under local anesthesia and
i.v. procedural sedation. The patient
tolerated the procedure well without
complications.

Cryoablation of renal transplant mass.
(6A) Intraprocedural axial T2w TSE shows
first of the three probes being placed in
the renal tumor.

(6B) Intraprocedural axial T2w TSE
obtained at the end of the 2™ 15 min
freezing cycle shows that the iceball has
eclipsed the tumor without overlaping
adjacent renal pelvis.

Plymouth, PA USA) and to monitor the
ablation (Fig. 6). This ensured covering
the tumor completely while preventing
injury to adjacent renal pelvis and
ureter. The procedure was performed
in the supine position under local
anesthesia and i.v. procedural sedation.
The patient tolerated the procedure
well without complications.
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3T Multiparametric MRI and MR-Guided
In-Bore Biopsy to Detect Prostate Cancer

Frederic Dietzel, M.D.; Lars Schimmoller, M.D.; Michael Quentin, M.D.; Dirk Blondin, M.D.

University Dusseldorf, Medical Faculty, Department of Diagnostic and Interventional Radiology, Dusseldorf, Germany

Multiparametric magnetic resonance
imaging (mp-MRI) of the prostate
gains increasing influence in prostate
cancer detection, especially in
patients with prior negative transrec-
tal ultrasound (TRUS) biopsy and
continuous suspicion of prostate can-
cer [1]. Prostate MRI can also be use-
ful in active surveillance of low-grade
tumors [2]. The European Society of
Urogenital Radiology (ESUR) released
in 2012 guidelines for prostate MRI
in order to standardize evaluation
and reporting [3]. As a consequence
of defining suspect areas in the
mp-MRI subsequent targeted biopsies
(MR-GB) to verify these lesions should
be performed. Currently three tech-
niques are available that incorporate
MRI information to define target
structures for biopsy: Cognitive ultra-
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sound biopsy (c-GB), MRI/ultrasound
fusion biopsy (FUS-GB), and MR-guided
in-bore biopsy (IB-GB) [1, 4].

A 62-year-old man was referred

to our Institute of Diagnostic and
Interventional Radiology with two
negative TRUS-guided biopsies and
remaining suspicion of prostate can-
cer due to continuously increasing
prostate-specific antigen (PSA) values.
The ultimate PSA value was 9.9 ng/ml.
The prostate volume was only slightly
enlarged (42 ml).

In the apical anterior prostate gland
mp-MRI detected a highly suspicious
area, located in region 13as/14as on
a 27-region localization scheme [5]

(Fig. 1). This lesion was rated accord-
ing to the PI-RADS scoring system for
each MR-sequence. The overall PI-RADS
classification for this lesion was 5
(clinically significant disease is highly
likely to be present) [6]. In addition,
the MRI showed post-inflammatory
transformations in the peripheral zone
and considerable changes due to
benign prostate enlargement (BPE)

in the transition zone. The seminal
vesicles were inconspicuous and no
enlarged lymph nodes were found

in the area under investigation.

Prostate mp-MRI was performed at

a 3T MRI system (MAGNETOM Trio;
Siemens Healthcare, Erlangen, Ger-
many) with a 6-channel phased-array
body coil. The imaging protocol

Prostate mp-MRI
including
T2-weighted
imaging (1A, B),
apparent diffusion
coefficient map
derived from
diffusion-weighted
imaging (ADC)
(1C), high b-value
image of diffusion-
weighted imaging
(DWI) (1D), and
dynamic contrast-
enhanced imaging
(DCE) (1E, F).
Anteriorly located
cancer suspect
lesion (orange
arrow; PI-RADS 5).
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Setting of MR-guided in-bore biopsy (IB-GB) with a DynaTRIM biopsy device (Invivo, Gainesville, FL, USA) and DynaCAD workstation (Invivo).

was adapted according to the ESUR
guidelines [3]. To suppress peristalsis
the patient received 20 mg butylsco-
polamine (Buscopan; Boehringer,
Ingelheim, Germany). Mp-MRI included
T2-weighted (T2w) imaging,
T1-weighted (T1w) imaging, diffusion-
weighted imaging (DWI), and dynamic
contrast-enhanced imaging (DCE-MRI).

T2-weighted turbo spin echo
sequences were acquired in three
standard orthogonal planes

axial: TR 10630 ms, TE 117 ms, FOV
12.8 cm, voxel size 0.5x0.5x3.0 mm,
image matrix 256 x256, turbo factor 23;
sagittal/coronal: TR 11330 ms,

TE 103 ms, FOV 17cm,

voxel size 0.7x0.7 x3.0 mm,

image matrix 256 x 256, turbo factor 25.

For T1w axial turbo-spin echo images
(TR 650 ms, TE 13 ms, FOV 30 cm,
voxel size 1.3x0.9x5.0 mm, gap 10%,
image matrix 240 x 320, turbo factor 3),
and for DWI single-shot spin-echo
echo-planar sequence (TR 4600 ms,

TE 90 ms, FOV 20.4 cm, voxel size
1.5%1.5x3.0 mm, image matrix
136 x 136, GRAPPA parallel imaging
scheme with acceleration factor 2)
using 3 b-values (0, 500, 1000 s/mm?)
with eight averages, were performed.
Apparent diffusion coefficient (ADC)
parameter maps were calculated

by the scanner software using the
standard monoexponential model.
For the DCE-MRI volume-interpolated
gradient echo sequence (TR 5.26 ms,
TE 1.76 ms, FOV 19.2 cm, voxel size
1.5x%1.5x3.0 mm, image matrix

128 x128, GRAPPA parallel imaging
scheme with acceleration factor 2,

31 scans, scan time 5:05 min, tempo-
ral resolution 10 sec) were applied.
Contrast media injection started after
the second measurement using gado-
teric acid (Dotarem®, Guerbet, Aulnay-
sous-Bois, France) in a weight-adapted
standard dose (0.2 mmol/kg body
weight) with an injection rate of 3 ml/s.
Total scan time was approximately

33 minutes.

Subsequently to the suspect mp-MRl

a targeted FUS-GB was performed
using the Urostation® 3-dimensional
ultrasound system (Koelis, La Tranche,
France) to ensure biopsy cores were
taken of the described suspicious
area. The histological result revealed
minor chronic prostatitis and no
cancer verification.

Owing to the highly suspicious mp-MRI
we decided in consent with the patient
to perform another targeted biopsy.
An IB-GB was performed on the same
3T MRI system (MAGNETOM Trio).
The patient was placed in a prone
position and a needle guide fixed to
a portable biopsy device (DynaTRIM,
Invivo, Gainesville, FL, USA) was
introduced rectally. Image data were
transferred to a DynaCAD workstation
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H Biopsy needle* verification of the direct lesion hit in our patient (orange arrow).

(Invivo) for biopsy planning (Fig. 2).
Two cores were taken of the anterior
lesion in region 14as with an MR-
compatible, 18-gauge, fully automatic
biopsy gun (Invivo). Due to the nega-
tive results of the prior MRI/US fusion
prostate biopsy we decided to per-
form a needle control scan. The needle
control scan confirmed the correct
positioning of the biopsy needle

(Fig. 3). The histopathology resulted
in a malignant gland forming pros-
tate tumor (Gleason score 4 +3=7),
described as an acinar adenocarcinoma
with high percentage of cancer
involvement (80% per core).

Discussion

The current gold standard for pros-
tate diagnostics is the digital rectal
examination, the PSA value, and TRUS
followed by a systematic TRUS-guided
biopsy. Mp-MRI is a promising com-
plementary technique that allows in
uncertain or problematic cases a good
differentiation between tumor and
benign lesions [1, 7]. It furthermore
enables targeted MR-guided biopsy
(MR-GB) procedures, as a logical con-
sequence of describing suspicious
lesions. MRI/US fusion-guided biopsy
(FUS-GB) shows good results, however,
2D/3D models are only overlaid, and
an exact peer-to-peer verification

is still missing, especially if the suspi-
cious lesion described in the MRI is
not visible in ultrasound [8]. MR-guided

same modality, a direct control of
taken biopsy cores is feasible, and
an individual management of BPE

or

our patient we could detect and histo-
logically verify a significant prostate
cancer by IB-GB alone.

-

2 Murphy G, Haider M, Ghai S, et al (2013)
The expanding role of MRI in prostate
cancer. AJR 201:1229-38.

3 Barentsz JO, Richenberg J, Clements R et al
(2012) ESUR prostate MR guidelines 2012.
Eur Radiol 22: 746-757.

4 Quentin M, Schimméller L, Arsov C,
Rabenalt R, Antoch G, Albers P, Blondin D
(2013) 3-T in-bore MR-guided prostate
biopsy based on a scoring system for target
lesions characterization. Acta Radiol
54:1224-9.
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in-bore biopsy (IB-GB) offers some
advantages in comparison. Lesions
are presented and biopsied in the
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High-Resolution
Diffusion-Weighted Imagings
of the Prostate Using RESOLVE at 3T

Liang Li'; Liang Wang'; Hui Liu®

'Department of Radiology, Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan, China
*MR Collaboration NE Asia, Siemens Healthcare, Shanghai, China

Diffusion-weighted imaging (DWI) is
becoming an increasingly robust tool
in the assessment and exclusion of
prostate disease [1]. However, multiple
recent studies have raised concerns
regarding the anatomical distortion
of single-shot DWI. A novel approach
to distortion reduction using RESOLVE,
resulting in a high-resolution DWI
examination, is described [2-5]. In
our hospital, we performed hundreds
of prostate examinations of patients
using RESOLVE. The technique
achieves a low level of susceptibility
artifact by allowing a very short

echo spacing in the EPI echo train
and the artifacts are further reduced
by combining the technique with
parallel imaging using GRAPPA [6].

Case 1

A 57-year-old man presented to

his primary care provider in January
2014 with a 2-month history of
increasing urinary frequency and
poor stream. He denied any gross
hematuria, bone pain, or significant
weight loss. Digital rectal examina-
tion (DRE) revealed an asymmetri-
cally enlarged, firm, and nontender
prostate. Serum prostate-specific

Prostate DWI examinations were
performed on a clinical 3T scanner
(MAGNETOM Skyra, Siemens
Healthcare, Erlangen, Germany)
with an 18-channel body-matrix coil
placed over, and a spine coil under-
neath, the pelvis. The patients were
positioned in a head-first supine
position.

At 3T MRI, RESOLVE images were
acquired with the following para-
meters: parallel imaging using
GRAPPA with an acceleration factor
of 2, FOV 260 mm, matrix 128 x 176,
pixel size 1.2mm x 1.2 mm, 20 slices,
slice thickness 3 mm, number of
readout segments 13, TR 4800 ms,
TE 60 ms, b-values of 0 s/mm?

(1 average) and 800 s/mm? (2 aver-
ages), total scanning time 6 min 11s.

antigen (PSA) was 12.8 ng/ml.
Tamsulosin hydrochloride (Flomax®,
Boehringer, Ingelheim, Germany)
0.4 mg daily was started and the
patient was referred for initial urologic
evaluation. The patient denied any
occupational exposures or family
history of prostate cancer or other
genitourinary malignancy. On the first
day, prostate ss-EPI DWI imaging

In addition, our past clinical standard
single-shot DWI images were also
acquired for comparison using the
following parameters: Parallel imaging
using GRAPPA with an acceleration
factor of 2, FOV 260 mm, matrix 64 x 88,
phase partial Fourier factor 6/8,

pixel size 2.4 mm x 2.4 mm, 20 slices,
slice thickness 3mm, TR 4500 ms,

TE 85 ms, b-values of 0 simm? (1 aver-
age) and 800 s/mm” (2 averages),
total scanning time 1 min 20 s.

revealed a lesion in anterior fibromus-
cular stroma (AFS) region of his pros-
tate. On the second day, we found two
lesions in DWI using RESOLVE technol-
ogy. Transrectal ultrasound (TRUS)-
guided prostate biopsy and pathologi-
cal examinations were performed
subsequently. The two lesions were
confirmed as prostate adenocarcinoma
(left: Gleason 4+4, right: Gleason 3+4).
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Case 2

A 69-year-old man presented with

a chief complaint of refractory urinary
retention. DRE was performed with
prostate gland of 4 finger breadths,
firm consistency and smooth surface.

Case 3

A 70-year-old man suffered from acute
urinary retention requiring urethral
catheterization, with no evidence of
hematuria or fever. He had a history of
chronic urinary retention, which was
treated with oral medicine (Flomax®)
for 2 months, but no history of urinary
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The PSA level was 5.16 ng/ml.

A Doppler ultrasound examination
demonstrated an enlargement of the
prostate volume (48 x 52 x 60 mm?),
asymmetric shape, with multiple

trauma or infection. Laboratory test-
ing such as blood count, serum bio-
chemistry, and urinalysis were in the
normal range. A urine culture was
negative, and the serum level of PSA
was 3.1 ng/ml. The single-shot DWI
revealed a nodular lesion with focal

(1A) Conventional ss-EPI DWI
revealing only a lesion in the
anterior fiboromuscular stroma
(AFS) region (long white arrow).
(1B) RESOLVE EPI DWI showing
excellent high-resolution image
quality and revealing another
lesion (short white arrow)
without anatomical distortion.

hypointense nodules. The biopsy
sample confirmed benign prostatic
hyperplasia (BPH) and chronic
prostatitis.

(2A) Conventional ss-EPI DWI
displaying a low-resolution
prostate image.

(2B) RESOLVE EPI DWI showing
clearly excellent high-resolution
image with multiple hyper-
plastic nodules.

high signal-intensity in the right
peripheral zone of his prostate, while
RESOLVE DWI examination found

no abnormal lesions. TRUS-guided
prostate biopsy confirmed benign
prostatic hyperplasia (BPH).

(3A) Conventional ss-EPI DWI
revealing a suspicious lesion
in the right peripheral zone
(long white arrow).

(3B) RESOLVE EPI DWI showing
no abnormal lesions.

The suspicious lesion being
misdiagnosed as prostate
cancer due to susceptibility
effect.



Conclusion

Results from hundreds of examina-
tions of our prostate patients indicate
that anatomic depiction and overall
image quality were improved with the
RESOLVE sequence when compared
with the single-shot DWI sequence.
Prostate DWI applications with
RESOLVE demonstrated reduced arti-
facts and improved lesion detection.

In our previous unpublished study,
we had obtained a number of diag-
nostic-quality prostate DWIs based on
RESOLVE. For image sharpness, ana-
tomical distortion, imaging contrast,
lesion conspicuity, detailed anatomical
visualization and diagnostic confi-
dence, RESOLVE EPI was considered
the to be overall superior in 90% of
the cases. In the past, to assist work-
flow, we needed to have rectum
preparation in a certain number of
patients where the susceptibility arti-
facts coming from the rectum was
strong. However, we have now elimi-
nated the need for this preparation
when using RESOLVE, because of less
susceptibility impact on the prostate
imaging.

In summary, the new high-resolution
RESOLVE protocol provides significant
benefits compared with the mostly
clinically used single-shot DWI. The
higher spatial resolution results in
better lesion conspicuity, better
defined internal architecture, and
better overall image quality. In the
future, this method may have poten-
tial as a tool to predicate prostate
cancer at an earlier stage or to obtain
an image-guided prostate biopsy.
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“Women should
not suffer or
die from breast
cancer”

Professor W. A. Kaiser

With advancing imaging technology
there has been increasing interest in
the use of breast magnetic resonance
imaging (MRM — MR-Mammography)
worldwide. Traditionally mammo-
graphy complemented by ultrasound
has remained the mainstay for the
diagnosis and evaluation of breast
carcinoma. The aim of breast MRl is
to obtain a reliable evaluation of any
lesion within the breast. It is cur-
rently used as an adjunct to the stan-
dard diagnostic procedures of breast,
i.e., clinical examination, mammog-
raphy and ultrasound [1]. According
to the American College of Radiology
the current indications for Breast

MR are, however, only patients fol-
lowing operation or radiation, preop-
erative staging, cancer of unknown
primary (CUP syndrome), high-risk
patients (e.g. BRCA1 or 2) and MRI
guided biopsies [2]. This is mainly
attributed to the high costs, availabil-
ity and reader-dependent specificity
of MRM. In Malaysia, MRM is still a
relatively new field, with gradually
increasing interest shown by some of
the larger institutions.

We herein wish to report a case
of infiltrating ductal carcinoma in
a woman whose pre-operative
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planning and surgical management
changed after performing dynamic
MRM.

A 69-year-old postmenopausal
woman was presented to our breast
clinic with a palpable mass in her
right breast just above the nipple.
She first noticed this mass one
month prior to presentation. The
mass was firm and non-tender.

She received a mammogram, which
revealed a 2.5 cm irregular, spiculated
mass in the upper mid quadrant of
the right breast (Fig. 1). Subsequent

ultrasound demonstrated an irregular
heterogeneous mass in the area of the
mammographic abnormality (Fig. 2).
The axillary lymph nodes appeared to
be normal.

MRM was performed, using a 1.5T MRI
system (MAGNETOM Aera, Siemens
Healthcare, Erlangen, Germany) and

a dedicated breast coil. The images were
obtained using a 2D dynamic protocol
as described in Table 1. The images
were evaluated and interpreted using
the morphological and kinetic signs,
described by Prof. Werner Kaiser [3].
MRI confirmed the presence of the mass
that was demonstrated on mammo-

Mammogram of both breasts in mediolateral oblique (MLO) view.
A spiculated mass is seen in the right breast (arrow).
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E Sonographic image showing the mass in the right breast (arrows). It has heterogeneous echo-texture.

gram and ultrasound. It showed a cen-
tripetally enhancing, spiculated mass
(‘hook sign’) measuring 3.2 x 2.4 cm
with heterogeneous internal enhance-
ment and perifocal oedema (Fig. 3),
dark in the T2-weighted images, spe-
cifically indicating a malignant lesion.
However, the MRI additionally dis-
played a linear path of enhancement
extending posteriorly from the mass

towards the pectoralis muscle, invisible

in mammography or ultrasound.

In the kinetic analysis (Fig. 4), this
path of enhancement also displayed
a suspicious washout in the delayed
phase consistent with a type 3 curve.
The underlying pectoralis muscles
and the pectoral fatty layer were
preserved.

The patient was then planned for
conservative breast surgery (wide
local excision — WLE) followed by
radiotherapy. A periareolar incision

Table 1: MRI examination protocol

Sequence no.

Puls sequence FLASH
Orientation coronal
TR (ms) 113

TE (ms) 4,6
Flip angle (°) 80

Slice thickness (mm) 3
Gap (mm) 0
Field-of-view (mm) 350

44

Matrix (pixels) 230 x 256

was made and a wide local excision
of the tumor was performed includ-
ing 1cm rim of the tissue around
the tumor. However in view of the
suspicious linear extension of the
tumor at its posterior aspect as seen
on MRI, the excision posteriorly was
extended up to the pectoralis major
muscle. The sentinel node biopsy
that was performed through an inci-
sion in the lower axillary hairline

T1 T1 T1 T2

T2 (T1, 150 ms)

FLASH FLASH TSE TSE
transversal coronal transversal transversal
113 113 8900 8420
4,6 4,6 207 70
80 80 191 180
3 3 3
0 0 0
350 350 350 350
44 44 44 44
307 x 384 230 x 256 435 x 512 326 x 384

*Connotation: dynamic study before and after the i.v. application of 0,7 mmol Gd-DTPA per kg body weight within 10 sec,
followed by the injection of 30 ml saline via an automatic injector (Medrad, Spectris, Pittsburgh, USA) with 3 ml/s .
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showed evidence of malignancy.
A Level 2 axillary dissection was then
carried out.

The histopathological examination
of the mass revealed a poorly encap-
sulated malignant tumor. The cells
were large and highly pleomorphic
with minimal glandular formation.
Further histopathological analysis

of the resected tissue revealed deep
extension of the tumor at its poste-
rior part, corresponding to the afore-
mentioned linear enhancement as
demonstrated on MRI. Some of the
sentinel nodes and the axillary nodes
that were sent for sampling revealed
involvement by the malignant tumor.

Breast cancer is the most common
cancer in females in Malaysia. Malay-
sian women present at later stages
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of breast cancer compared to counter-
parts in the developing countries
where 30-40% present at stage 3 to
stage 4 [4]. Mastectomy was the
routine treatment for breast cancer
until the 1980s [5]. The arrival of
breast conservation surgery com-
bined with radiation therapy offered
major advantages with similarly low
mortality rates [6]. Current surgical
options for treating breast cancer

are breast-conserving surgery (wide
local excision and quadrantectomy)
or mastectomy, taking into account
the tumor size, multifocality or multi-
centricity, local extent versus distant
spread, nodal status, and patient
preference.

In patients with known malignancies
further imaging with MRI can help in
the preoperative choice of surgery and
prevent increased reoperation rates.

MR images of the
breasts on (3A-D)
pre-contrast and
dynamic post
contrast TTw with
the corresponding
(3E-G) subtractions,
(3H) T2w and (3I)
STIR sequences. The
mass (thick arrows)
in the right breast
shows early
enhancement with
evidence of relative
washout in the
delayed phase of the
post contrast T1w
sequence. There is
linear enhancing
component (thin
arrows) extending
from its posterior
part. In addition, the
mass is hypointense
in the T2w image
and it demonstrates
surrounding oedema
in the STIR sequence.

The use of preoperative breast MRI for
patients with newly diagnosed breast
cancer is greatly controversial world-
wide. Some articles published in major
journals claim that routine preopera-
tive breast MRI appears to confer no
advantage over the standard diagnostic
evaluations for newly diagnosed breast
cancer [7]. Evaluation of the literature,
however, reveals many differences in
terms of technical aspects as well

as reader experience. Nevertheless,
studies have shown MRM to be more
accurate than mammography and
ultrasonography in defining the extent
of tumor burden as characterized by
tumor size and multifocality or multi-
centricity [3]. Some major multicenter
studies claim that once MRM has been
performed, conventional mammo-
graphy and ultrasound are of no addi-
tional diagnostic use [8, 9]. Knowledge
of the extent of disease prior to the



Time intensity curve showing suspicious
washout in the delayed phase consistent
with a type 3 curve.

surgery will help the surgeon and
patient to make a more informed deci-
sion when presented with treatment
options [3].

In the case of WLE the surgeon removes
only the cancer and some of the normal-
looking tissue around it (the margin).
In our specific case, however, in view
of the suspicious linear extension of the
tumor at its posterior aspect as seen
on MRI, the excision posteriorly was
extended up to the pectoralis major.
The posterior linear enhancement was
confirmed to be the extension of the
tumor on pathological diagnosis. MRM
helped the surgeons in the preopera-
tive planning and surgical approach

of this case as the posterior extension
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of the breast tumor could only and
clearly be seen in MRI — not in mammo-
gram or ultrasound. Following the
surgery, the patient completed the
chemoradiotherapy as part of the
treatment. She was clinically well
with no signs of recurrence during
the last review at the clinic.

In our case, the preoperative diagno-
sis of the posterior extension of the
breast cancer was established by
MRI. Our patient clearly benefited
from MRM. For those battling cancer,
preventing recurrence is of top prior-
ity. MRM can be an important imag-
ing tool in helping women maintain
that vigilance, even though some
studies have not recommended pre-
operative MRI. Although the rate of
recurrence after breast conservation
is low, high-quality MRM (optimal
technical standards and reader expe-
rience) is useful to minimize reopera-
tion rates. Above all, women diag-
nosed with breast carcinoma should
be offered the best possible chance
for a successful treatment.

We would like to acknowledge the
Surgery Unit, Faculty of Medicine,
Universiti Teknologi MARA.

This article is dedicated to the late
Professor Werner A. Kaiser who came
to Malaysia and started Breast MRI
services in our centre.
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""F-FDG MR/PET as Compared with
*F-FDG PET/CT. Initial Experiences in
Patients with Metastatic Breast Cancer

Amy Melsaether, M.D.; Akshat C. Pujara, M.D.; Linda Moy, M.D.

New York University School of Medicine, Department of Radiology, New York, NY, USA

Current staging and surveillance for
patients with metastatic breast cancer
often involves "®F-Fludeoxyglucose
(FDG) PETI/CT imaging. Limitations may
include sensitivity for small bone metas-
tases and decreased visualisation of
brain and liver lesions due to high
local physiological uptake [1, 2]. More-
over, breast cancer surveillance com-
monly entails serial '"*F-FDG PET/CT
examinations. Given the relatively
young age at diagnosis, cumulative
radiation exposure is of particular
concern in breast cancer patients [3];
the lifetime attributable risk of radia-
tion induced cancer following a
single "*F-FDG PET/CT scan has been
estimated to be 2/1000, and higher
in young American women [3].

MR imaging involves no ionizing
radiation and provides improved soft
tissue contrast. Given these advan-
tages, the effectiveness of MR for
the initial staging of breast cancer and
monitoring of distant metastases is
being investigated [4-6].

The recent advent of combination

3T MRI and PET imaging in a state-of-
the-art scanner potentiates fusion of
the improved tissue contrast of MRI
with functional PET data as well as
increased patient safety by elimina-
tion of the radiation dose due to CT.
With this new MR/PET hybrid technol-
ogy, we acquired initial data compar-
ing "*F-FDG MRI/PET to "®F-FDG PETICT
in the evaluation of multi-organ met-
astatic disease in patients with a his-
tory of breast cancer on the basis of
lesion detection and radiation dose.
Imaging follow-up and comparison
with prior studies served as our refer-
ence standard in cases where biopsy
was not performed. Early findings
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suggest lesion detection is high on
PET/MRI for brain, liver and breast
lesions, important sites of metastases
and recurrences in breast cancer.
Lung metastases appear to be seen
equally well on PET/MRI and PET/CT,
although infectious and non-specific
lesions were better seen on PET/CT
(not shown in these examples). In this
article, we describe our imaging tech-
nique and demonstrate cases illustra-
tive of our experience.

This investigation is a Health Insurance
Portability and Accountability Act-
compliant and Institutional Review
Board-approved protocol allows
patients undergoing clinical '*F-FDG
PETICT for evaluation for metastatic
breast cancer to undergo "*F-FDG
PET/MRI immediately following their
clinical PETICT protocol. Informed
written consent is obtained from all
patients.

PET/CT

Patients fasted for a minimum of four
hours before imaging. Insulin was
withheld six hours prior to imaging,
and blood glucose concentration was
verified to be less than 200 mg/dL.
Approximately 60 minutes following
intravenous administration of '°F-FDG,
patients underwent PET/CT imaging
from skull to mid thighs (Siemens
Biograph mCT). CT acquisition para-
meters were as follows: 120 kVp,

95 mA, 5.0 mm slice width, 50 cm
transaxial field-of-view (FOV),

512 x512 transaxial image matrix,
B40f convolution kernel. PET acquisi-
tion parameters were as follows:
Mean "°F-FDG dose 14.8 = 0.5 mCi,

2 minutes per bed position, 814 mm
transaxial FOV, 221 mm axial FOV,
200 x 200 transaxial matrix, and 3 mm
Gaussian post-reconstruction image
filter. IV contrast was not routinely
administered as per normal clinical
usage. PET images were reconstructed
with CT for attenuation correction
with the attenuation-weighting
ordered subsets expectation-maximi-
zation 3D (OSEM3D) algorithm at 2
iterations and 24 subsets. With these
parameters, the transaxial voxel size
was 4.07 x 4.07 mm and the axial
voxel size was 2.03 mm. Total scan
time is 15 minutes.

PET/MRI

Immediately following PET/CT, patients
were transferred to a nearby site for
PET/MR imaging. No additional "F-FDG
was injected. MRI and PET data were
simultaneously acquired using the
Siemens Biograph mMR system. The
PET detector is composed of lutetium
oxyorthosilicate scintillation (LSO)
crystals attached to avalanche photo-
diodes (APD), replacing typical photo-
multiplier tubes for compatibility with
MRI. Each block detector consists of
64 crystal elements, and each crystal
measures 4 x4 x20 mm. In each ring
there are 56 block detectors, and a
total of 64 detector element rings
arranged on the z-axis. The MRI unit

is equipped with a 3 Tesla magnet.

After whole-body gradient echo scout,
a whole-body PET/MRI exam was con-
ducted including 6-7 bed positions
from thighs to vertex, with the follow-
ing protocols per station:

1) 3D coronal volumetric interpolated
breath-hold examination (VIBE)
Dixon for MR attenuation correction,



2) Prototype T1-weighted radial 3D
gradient echo (Radial VIBE)*, and

3) 2D double-refocused echo-planar,
diffusion-weighted imaging
(TR 6000 ms, TE 65 ms, FOV 450 mm,
2.3 x 2.3 x 6.0 mm voxel, spectral
attenuated inversion recovery (SPAIR)
fat-suppression, three diffusion
directions (3-scan trace), and
b-values 0, 350, and 700 s/mm?).
Corresponding apparent diffusion
coefficient (ADC) maps were gener-
ated. MR images were acquired prone
with a set of flexible body matrix
coils. PET events were simultane-
ously accumulated for six minutes
per bed position and images were
reconstructed on the vendor plat-
form incorporating p-maps from
the attenuation correction scan.
Total scan time is 47 minutes.

Image interpretation

PET/CT scans and PET/MRI scans

were interpreted by board-certified
radiologists on dedicated Miranda-64
workstations (Mirada). MRI images
were separated from the PET/MRI
study, sent to our PACS workstation
(Philips) and also interpreted by

a board-certified radiologist. All read-
ers were blinded to patient history,
pathology results and prior radiologic
studies. The reference standard for
metastatic lesion detection was a
combination of comparison with prior
and follow-up imaging and consen-
sus amongst experienced nuclear
medicine and MRI readers. Radiation
dose was calculated using DLP con-
version for CT [7] and mCi conversion
for PET [8].

Case 1

48-year-old woman with a history of
left breast cancer diagnosed in 2003,
which was treated with lumpectomy

and radiation. The patient then pre-
sented with cough in December 2012,
which was not responsive to over-
the-counter medications. A chest
radiograph in January 2013 demon-
strated multiple masses consistent
with metastatic disease. A core biopsy
of a lung mass in February of 2013
yielded metastatic breast cancer.

Imaging findings:

PET/MRI demonstrates widespread
metastatic disease including osseous,
nodal, pulmonary and hepatic metas-
tases. These findings and comparison
PET/CT images are detailed in figures
1and 2.

Clinical follow-up:

In the setting of multi-organ metas-
tatic disease, detection of liver
metastases did not change treat-
ment. The patient is maintained on
Tamoxifen, Lupron and Xgeva.

A hepatic metastasis seen on
PET/MRI but undetected on the
PET/CT. The metastasis shown
here is best seen as (1A)
increased signal on the b350
sequence in the diffusion-
weighted series and (1B) corre-
sponding decreased signal on
the apparent diffusion coeffi-
cient (ADC) map. The mass is
less conspicuous on the (1C)
VIBE image and (1D) faintly
increased FDG uptake is seen
on the fused PET/VIBE image.
(1E) CT image, (1F) fused PET/
CT. The faintly increased FDG
uptake relative to background
hepatic activity on the PET/MRI
as compared with the PET/CT is
likely related to the increased
time to imaging.
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Case 2

53-year-old woman with history of
locally advanced left breast cancer
with positive axillary nodes diag-
nosed in August 2011, treated with
neoadjuvant chemotherapy, mastec-
tomy and free flap reconstruction.
Prophylactic right mastectomy was
also performed. Patient was also
treated with Adriamycin, Herceptin

Pulmonary metastases
are clearly seen on the
(2A) VIBE and (2B) b60 CT
- _ w images. Increased FDG
uptake increased conspi-
cuity of mediastinal nodal
and osseous metastases in
addition to the pulmonary
- |

and Cytoxan, last cycle November
2012, and 5 weeks of radiation ther-
apy, last cycle May 2012. New palpa-
ble left chest wall nodules under-
went biopsy in August 2013 and
were positive for recurrent disease.

Imaging findings are detailed in
figures 3 and 4.

metastases in fused (2C)
PET/VIBE and (2D) PET/CT
images.

Clinical follow-up:

Patient underwent gamma knife
radiation to the brain as a result of the
PET/MRI findings. Due to the omission
of CT, the estimated exposure was
reduced by about 50%.

.-

(3A) PET/CT image near the level of the 4th ventricle. The tilt of the head is different on CT vs. MRI scans. MRl demonstrates
cerebellar metastasis. The mass is clearly seen (3B) on a contrast-enhanced VIBE image. Corresponding PET data (3C).
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Chest wall, mediastinal nodal and pulmonary metastases are well seen on both PET/MRI and PET/CT. Notably, (4A) the VIBE image
provides increased contrast resolution, clearly demonstrating muscle enhancement (thin arrow), chest wall invasion (open arrow)
and nodal necrosis (thick arrow) while the (4B) b40 CT image demonstrates chest wall invasion (open arrow). Pulmonary metas-

tases, as in the former case, are nearly as well seen on the VIBE image (4A) as on the b40 CT image (4C). Fused (4D) PET/VIBE and

(4E) PET/CT images highlight the markedly increased FDG uptake of these metastases.

Case 3

50-year-old woman with a history

of right breast cancer, diagnosed in
August 2011. Her disease was meta-
static to bone and liver at the time
of diagnosis. Subsequently identified
ovarian metastases were treated
with oophorectomy. The patient is

.

currently being treated with Arimidex
and Xgeva.

Imaging findings are detailed in
figures 5 and 6.

Clinical follow-up:
The patient is well maintained on

Xgeva. While the presence of residual
liver metastases did not change drug
choice, the patient is now followed
with MR- rather than CT-based imag-
ing in order to assess disease stability.
Due to omission of CT, the estimated
exposure was reduced by about 40%.

In the right breast, the (5A) PET/VIBE sequence demonstrates a 5 mm spiculated breast mass, morphologically
consistent with breast cancer and (5B) is not seen on PET/CT.
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PET/MRI demonstrates liver
metastases interpreted as
resolved on PET/CT. Liver metas-
tases are best seen (6A) as
increased signal on the b350
sequence of the diffusion-
weighted series and (6B) corre-
sponding decreased signal on
the ADC map. This mass can

be delineated on the (6C) VIBE
sequence and demonstrates
mildly increased FDG uptake on
(6D) the fused PET/VIBE image.
Although the mass can be seen
in retrospect on (6E) CT, it was
not appreciated on the initial
read. As in the first case, the
increased PET activity relative to
background hepatic activity on
the (6D) PET/VIBE as compared
with the (6F) PET/CT is likely
related to the increased time
to imaging.
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HIGHLIGHTS OF PRESCRIBING
INFORMATION

These highlights do not include all the
information needed to use Fludeoxyglu-
cose F 18 Injection safely and effectively.
See full prescribing information for Flude-
oxyglucose F 18 Injection.
Fludeoxyglucose F 18 Injection, USP

For intravenous use

Initial U.S. Approval: 2005

RECENT MAJOR CHANGES
Warnings and Precautions
(5.1,5.2) 712010

Adverse Reactions (6) 712010
INDICATIONS AND USAGE
Fludeoxyglucose F18 Injection is indicated for
positron emission tomography (PET) imaging

in the following settings:
* Oncology: For assessment of abnormal glu-
cose metabolism to assist in the evaluation
of malignancy in patients with known or
suspected abnormalities found by other
testing modalities, or in patients with an
existing diagnosis of cancer.
Cardiology: For the identification of left
ventricular myocardium with residual glu-
cose metabolism and reversible loss of sys-
tolic function in patients with coronary ar-
tery disease and left ventricular
dysfunction, when used together with
myocardial perfusion imaging.
Neurology: For the identification of re-
gions of abnormal glucose metabolism as-
sociated with foci of epileptic seizures (1).
DOSAGE AND ADMINISTRATION
Fludeoxyglucose F 18 Injection emits radiation.
Use procedures to minimize radiation expo-
sure. Screen for blood glucose abnormalities.
« In the oncology and neurology settings, in-
struct patients to fast for 4 to 6 hours prior
to the drug’s injection. Consider medical
therapy and laboratory testing to assure at
least two days of normoglycemia prior to
the drug’s administration (5.2).
In the cardiology setting, administration of
glucose-containing food or liquids (e.g., 50
to 75 grams) prior to the drug’s injection fa-
cilitates localization of cardiac ischemia (2.3).
Aseptically withdraw Fludeoxyglucose F 18
Injection from its container and administer
by intravenous injection (2).

The recommended dose:

« for adults is 5 to 10 mCi (185 to 370 MBq),
in all indicated clinical settings (2.1).

« for pediatric* patients is 2.6 mCi in the
neurology setting (2.2).

Initiate imaging within 40 minutes following

drug injection; acquire static emission images

30 to 100 minutes from time of injection (2).

DOSAGE FORMS AND STRENGTHS

Multi-dose 30mL and 50mL glass vial conta-

ining 0.74 to 7.40 GBg/mL (20 to 200 mCi/

mL) Fludeoxyglucose

F 18 Injection and 4.5mg of sodium chlo-

ride with 0.1 to 0.5% wiw ethanol as a stabi-

lizer (approximately 15 to 50 mL volume) for

intravenous administration (3).

CONTRAINDICATIONS

None
WARNINGS AND PRECAUTIONS
* Radiation risks: use smallest dose neces-
sary forimaging (5.1).
¢ Blood glucose adnormalities: may cause
suboptimal imaging (5.2).

ADVERSE REACTIONS
Hypersensitivity reactions have occurred;
have emergency resuscitation equipment
and personnel immediately available (6).

To report SUSPECTED ADVERSE
REACTIONS, contact PETNET Solutions, Inc.
at 877-473-8638 or FDA at 1-800-FDA-1088
or www.fda.gov/imedwatch.
USE_IN_SPECIFIC POPULATIONS
Pregnancy Category C: No human or animal
data. Consider alternative diagnostics; use
only if clearly needed (8.1).
Nursing mothers: Use alternatives to breast
feeding (e.g., stored breast milk or infant
formula) for at least 10 half-lives of radio-
active decay, if Fludeoxyglucose F 18 Injec-
tion is administered to a woman who is
breast-feeding (8.3).
Pediatric Use: Safety and effectiveness in
pediatric patients have not been estab-
lished in the oncology and cardiology set-
tings (8.4).
See 17 for PATIENT COUNSELING
INFORMATION

Revised: 1/2011
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FULL PRESCRIBING INFORMATION
1 INDICATIONS AND USAGE

Fludeoxyglucose F 18 Injection is indicated for positron emission tomography (PET) ima-

ging in the following settings:
1.1 Oncology

and reversible loss of systolic function in patients with coronary artery disease and left
ventricular dysfunction, when used together with myocardial perfusion imaging.

1.3 Neurology

For the identification of regions of abnormal glucose metabolism associated with foci of
epileptic seizures.

DOSAGE AND ADMINISTRATION

Fludeoxyglucose F 18 Injection emits radiation. Use procedures to minimize radiation
exposure. Calculate the final dose from the end of synthesis (EOS) time using proper
radioactive decay factors. Assay the final dose in a properly calibrated dose calibrator
before administration to the patient [see Description (11.2)].

2.1 Recommended Dose for Adults

Within the oncology, cardiology and neurology settings, the recommended dose for
adults is 5 to 10 mCi (185 to 370 MBq) as an intravenous injection.

2.2 Recommended Dose for Pediatric Patients

Within the neurology setting, the recommended dose for pediatric patients is 2.6 mCi,
as an intravenous injection. The optimal dose adjustment on the basis of body size or
weight has not been determined [see Use in Special Populations (8.4)].

2.3 Patient Preparation

« To minimize the radiation absorbed dose to the bladder, encourage adequate hydration.
Encourage the patient to drink water or other fluids (as tolerated) in the 4 hours before
their PET study.

Encourage the patient to void as soon as the imaging study is completed and as often as
possible thereafter for at least one hour.

« Screen patients for clinically significant blood glucose abnormalities by obtaining a his-
tory andlor laboratory tests [see Warnings and Precautions (5.2)]. Prior to Fludeoxyglu-
cose F 18 PET imaging in the oncology and neurology settings, instruct patient to fast
for 4 to 6 hours prior to the drug’s injection.

In the cardiology setting, administration of glucose-containing food or liquids (e.g., 50 to 75
grams) prior to Fludeoxyglucose F18 Injection facilitates localization of cardiac ischemia

.

2.4 Radiation Dosimetry

The estimated human absorbed radiation doses (rem/mCi) to a newborn (3.4 kg),
1-year old (9.8 kg), 5-year old (19 kg), 10-year old (32 kg), 15-year old (57 kg), and
adult (70 kg) from intravenous administration of Fludeoxyglucose F 18 Injection are
shown in Table 1. These estimates were calculated based on human? data and using
the data published by the International Commission on Radiological Protection* for
Fludeoxyglucose '® F. The dosimetry data show that there are slight variations in ab-
sorbed radiation dose for various organs in each of the age groups. These dissimilari-
ties in absorbed radiation dose are due to developmental age variations (e.g., organ
size, location, and overall metabolic rate for each age group). The identified critical
organs (in descending order) across all age groups evaluated are the urinary bladder,

1.2

For assessment of abnormal glucose metabolism to assist in the evaluation of malignancy
in patients with known or suspected abnormalities found by other testing modalities, or in
patients with an existing diagnosis of cancer.

Cardiology

For the identification of left ventricular myocardium with residual glucose metabolism

heart, pancreas, spleen, and lungs.

Table 1. Estimated Absorbed Radiation Doses (rem/mCi) After Intravenous
Administration of Fludeoxyglucose F-18 Injection®

Newborn | 1-year 5-year 10-year 15-year Adult
Organ old old old old

(3.4 kg) (9.8kg) | (19 kg) (32kg) | (57 kg) (70 kg)
Bladder wallb 4.3 1.7 0.93 0.60 0.40 0.32
Heart wall 2.4 1.2 0.70 0.44 0.29 0.22
Pancreas 2.2 0.68 0.33 0.25 0.13 0.096
Spleen 2.2 0.84 0.46 0.29 0.19 0.14
Lungs 0.96 0.38 0.20 0.13 0.092 0.064
Kidneys 0.81 0.34 0.19 0.13 0.089 0.074
Ovaries 0.80 0.8 0.19 0.11 0.058 0.053
Uterus 0.79 0.35 0.19 0.12 0.076 0.062
LLI wall * 0.69 0.28 0.15 0.097 0.060 0.051
Liver 0.69 0.31 0.17 0.11 0.076 0.058
Gallbladder wall | 0.69 0.26 0.14 0.093 0.059 0.049
Small intestine | 0.68 0.29 0.15 0.096 0.060 0.047
ULl wall ** 0.67 0.27 0.15 0.090 0.057 0.046
Stomach wall 0.65 0.27 0.14 0.089 0.057 0.047
Adrenals 0.65 0.28 0.15 0.095 0.061 0.048
Testes 0.64 0.27 0.14 0.085 0.052 0.041
Red marrow 0.62 0.26 0.14 0.089 0.057 0.047
Thymus 0.61 0.26 0.14 0.086 0.056 0.044
Thyroid 0.61 0.26 0.13 0.080 0.049 0.039
Muscle 0.58 0.25 0.13 0.078 0.049 0.039
Bone surface 0.57 0.24 0.12 0.079 0.052 0.041
Breast 0.54 0.22 0.11 0.068 0.043 0.034
Skin 0.49 0.20 0.10 0.060 0.037 0.030
Brain 0.29 0.13 0.09 0.078 0.072 0.070
Other tissues 0.59 0.25 0.13 0.083 0.052 0.042

® MIRDOSE 2 software was used to calculate the radiation absorbed dose. Assumptions on the biodistribution
based on data from Gallagher et al.1 and Jones et al.2
® The dynamic bladder model with a uniform voiding frequency of 1.5 hours was used. *LLI = lower large inte-

stine; **ULI = upper large intestine

*MR scanning has not been established as safe for imaging fetuses and infants under two years of age.
The responsible physician must evaluate the benefit of the MRI examination in comparison to other imaging procedures.
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Radiation Safety — Drug Handling

Use waterproof gloves, effective radiation shielding, and appropriate safety measures
when handling Fludeoxyglucose F 18 Injection to avoid unnecessary radiation exposure to
the patient, occupational workers, clinical personnel and other persons.
Radiopharmaceuticals should be used by or under the control of physicians who are quali-
fied by specific training and experience in the safe use and handling of radionuclides, and
whose experience and training have been approved by the appropriate governmental
agency authorized to license the use of radionuclides.

Calculate the final dose from the end of synthesis (EOS) time using proper radioactive de-
cay factors. Assay the final dose in a properly calibrated dose calibrator before administra-
tion to the patient [see Description (11.2)].

The dose of Fludeoxyglucose F 18 used in a given patient should be minimized consistent
with the objectives of the procedure, and the nature of the radiation detection devices
employed.

Drug Preparation and Administration

Calculate the necessary volume to administer based on calibration time and dose.
Aseptically withdraw Fludeoxyglucose F 18 Injection from its container.

Inspect Fludeoxyglucose F 18 Injection visually for particulate matter and discoloration
before administration, whenever solution and container permit.

Do not administer the drug if it contains particulate matter or discoloration; dispose of
these unacceptable or unused preparations in a safe manner, in compliance with applica-
ble regulations.

Use Fludeoxyglucose F 18 Injection within 12 hours from the EOS.

Imaging Guidelines

Initiate imaging within 40 minutes following Fludeoxyglucose F 18 Injection administration.
Acquire static emission images 30 to 100 minutes from the time of injection.

DOSAGE FORMS AND STRENGTHS

Multiple-dose 30 mL and 50 mL glass vial containing 0.74 to 7.40 GBg/mL (20 to 200 mCi/
mL) of Fludeoxyglucose F 18 Injection and 4.5 mg of sodium chloride with 0.1 to 0.5%
wlw ethanol as a stabilizer (approximately 15 to 50 mL volume) for intravenous admini-
stration.

CONTRAINDICATIONS

None

WARNINGS AND PRECAUTIONS

Radiation Risks

Radiation-emitting products, including Fludeoxyglucose F 18 Injection, may increase the
risk for cancer, especially in pediatric patients. Use the smallest dose necessary for ima-
ging and ensure safe handling to protect the patient and health care worker [see Dosage
and Administration (2.5)].

Blood Glucose Abnormalities

In the oncology and neurology setting, suboptimal imaging may occur in patients with in-
adequately regulated blood glucose levels. In these patients, consider medical therapy
and laboratory testing to assure at least two days of normoglycemia prior to Fludeoxyglu-
cose F 18 Injection administration.

ADVERSE REACTIONS

Hypersensitivity reactions with pruritus, edema and rash have been reported in the
post-marketing setting. Have emergency resuscitation equipment and personnel imme-
diately available.

DRUG INTERACTIONS

The possibility of interactions of Fludeoxyglucose F 18 Injection with other drugs taken by
patients undergoing PET imaging has not been studied.

USE IN SPECIFIC POPULATIONS

Pregnancy

Pregnancy Category C

Animal reproduction studies have not been conducted with Fludeoxyglucose F 18 Injecti-
on. It is also not known whether Fludeoxyglucose F 18 Injection can cause fetal harm
when administered to a pregnant woman or can affect reproduction capacity. Consider
alternative diagnostic tests in a pregnant woman; administer Fludeoxyglucose F 18 Injec-
tion only if clearly needed.

Nursing Mothers

It is not known whether Fludeoxyglucose F 18 Injection is excreted in human milk. Consi-
der alternative diagnostic tests in women who are breast-feeding. Use alternatives to
breast feeding (e.g., stored breast milk or infant formula) for at least 10 half-lives of radi-
oactive decay, if Fludeoxyglucose F 18 Injection is administered to a woman who is
breast-feeding.

Pediatric Use

The safety and effectiveness of Fludeoxyglucose F 18 Injection in pediatric patients with
epilepsy is established on the basis of studies in adult and pediatric patients. In pediatric
patients with epilepsy, the recommended dose is 2.6 mCi. The optimal dose adjustment
on the basis of body size or weight has not been determined. In the oncology or cardiolo-
gy settings, the safety and effectiveness of Fludeoxyglucose F 18 Injection have not been
established in pediatric patients.

DESCRIPTION

Chemical Characteristics

Fludeoxyglucose F 18 Injection is a positron emitting radiopharmaceutical that is used for
diagnostic purposes in conjunction with positron emission tomography (PET) imaging.
The active ingredient 2-deoxy-2-["®F]fluoro-D-glucose has the molecular formula of CeH-
11'8FOs with a molecular weight of 181.26, and has the following chemical structure:

CHOH

Fludeoxyglucose F 18 Injection is provided as a ready to use sterile, pyrogen free, clear,
colorless solution. Each mL contains between 0.740 to 7.40GBq (20.0 to 200 mCi) of

2-deoxy-2-["¥F]fluoro-D-glucose at the EOS, 4.5 mg of sodium chloride and 0.1 to 0.5%
wiw ethanol as a stabilizer. The pH of the solution is between 4.5 and 7.5. The solution
is packaged in a multiple-dose glass vial and does not contain any preservative.
11.2 Physical Characteristics

Fluorine F 18 decays by emitting positron to Oxygen O 16 (stable) and has a physical
half-life of 109.7 minutes. The principal photons useful for imaging are the dual 511 keV
gamma photons, that are produced and emitted simultaneously in opposite direction
when the positron interacts with an electron (Table 2).

Table 2. Pricipal Radiation Emission Data for Fluorine F18

Radiation/Emission % Per Disintegration Mean Energy

Positron (b+) 96.73 249.8 keV

193.46 511.0 keV

Gamma (x)*

*Produced by positron annihilation
From: Kocher, D.C. Radioactive Decay Tables DOE/TIC-1 1026, 89 (1981)

The specific gamma ray constant (point source air kerma coefficient) for fluorine F 18 is 5.7

RIhrimCi (1.35 x 10-6 Gy/hr/kBq) at 1 cm. The half-value layer (HVL) for the 511 keV photons
is 4 mm lead (Pb). The range of attenuation coefficients for this radionuclide as a function of
lead shield thickness is shown in Table 3. For example, the interposition of an 8 mm thickness
of Pb, with a coefficient of attenuation of 0.25, will decrease the external radiation by 75%.

Table 3. Radiation Attenuation of 511 keV Photons by lead (Pb) shielding
Shield thickness (Pb) mm Coefficient of attenuation

0 0.00

4 0.50

8 0.25

13 0.10

26 0.01

39 0.001

52 0.0001

For use in correcting for physical decay of this radionuclide, the fractions remaining at se-
lected intervals after calibration are shown in Table 4.

Table 4. Physical Decay Chart for Fluorine F18
Minutes Fraction Remaining
o* 1.000

15 0.909

30 0.826

60 0.683

110 0.500

220 0.250

*calibration time

12 CLINICAL PHARMACOLOGY

12.1 Mechanism of Action
Fludeoxyglucose F 18 is a glucose analog that concentrates in cells that rely upon glu-
cose as an energy source, or in cells whose dependence on glucose increases under pa-
thophysiological conditions. Fludeoxyglucose F 18 is transported through the cell mem-
brane by facilitative glucose transporter proteins and is phosphorylated within the cell
to ['®F] FDG-6-phosphate by the enzyme hexokinase. Once phosphorylated it cannot
exit until it is dephosphorylated by glucose-6-phosphatase. Therefore, within a given
tissue or pathophysiological process, the retention and clearance of Fludeoxyglucose F
18 reflect a balance involving glucose transporter, hexokinase and glucose-6-phospha-
tase activities. When allowance is made for the kinetic differences between glucose and
Fludeoxyglucose F 18 transport and phosphorylation (expressed as the ,lumped con-
stant” ratio), Fludeoxyglucose F 18 is used to assess glucose metabolism.
In comparison to background activity of the specific organ or tissue type, regions of
decreased or absent uptake of Fludeoxyglucose F 18 reflect the decrease or absence of
glucose metabolism. Regions of increased uptake of Fludeoxyglucose F 18 reflect grea-
ter than normal rates of glucose metabolism.

12.2 Pharmacodynamics
Fludeoxyglucose F 18 Injection is rapidly distributed to all organs of the body after intra-
venous administration. After background clearance of Fludeoxyglucose F 18 Injection, opti-
mal PET imaging is generally achieved between 30 to 40 minutes after administration.
In cancer, the cells are generally characterized by enhanced glucose metabolism partial-
ly due to (1) an increase in activity of glucose transporters, (2) an increased rate of
phosphorylation activity, (3) a reduction of phosphatase activity or, (4) a dynamic alte-
ration in the balance among all these processes. However, glucose metabolism of can-
cer as reflected by Fludeoxyglucose F 18 accumulation shows considerable variability.
Depending on tumor type, stage, and location, Fludeoxyglucose F 18 accumulation
may be increased, normal, or decreased. Also, inflammatory cells can have the same
variability of uptake of Fludeoxyglucose F 18.
In the heart, under normal aerobic conditions, the myocardium meets the bulk of its
energy requirements by oxidizing free fatty acids. Most of the exogenous glucose taken
up by the myocyte is converted into glycogen. However, under ischemic conditions, the
oxidation of free fatty acids decreases, exogenous glucose becomes the preferred my-
ocardial sub strate, glycolysis is stimulated, and glucose taken up by the myocyte is me-
tabolized immediately instead of being converted into glycogen. Under these condi-



123

13
131

14
14.1

14.2

tions, phosphorylated Fludeoxyglucose F 18 accumulates in the myocyte and can be
detected with PET imaging.

In the brain, cells normally rely on aerobic metabolism. In epilepsy, the glucose metabo-
lism varies. Generally, during a seizure, glucose metabolism increases. Interictally, the sei-
zure focus tends to be hypometabolic.

Pharmacokinetics

Distribution: In four healthy male volunteers, receiving an intravenous administration of
30 seconds in duration, the arterial blood level profile for Fludeoxyglucose F 18 decayed
triexponentially. The effective half-life ranges of the three phases were 0.2 to 0.3 minutes,
10 to 13 minutes with a mean and standard deviation (STD) of 11.6 (=) 1.1 min, and 80 to
95 minutes with a mean and STD of 88 (z) 4 min.

Plasma protein binding of Fludeoxyglucose F 18 has not been studied.

Metabolism: Fludeoxyglucose F 18 is transported into cells and phosphorylated to ['8F]-
FDG-6- phosphate at a rate proportional to the rate of glucose utilization within that tis-
sue. [F18]-FDG-6-phosphate presumably is metabolized to 2-deoxy-2-[F18]fluoro-6-phos-
pho-D-mannose([F 18]FDM-6-phosphate).

Fludeoxyglucose F 18 Injection may contain several impurities (e.g., 2-deoxy-2-chloro-D-
glucose (CIDG)). Biodistribution and metabolism of CIDG are presumed to be similar to
Fludeoxyglucose F 18 and would be expected to result in intracellular formation of 2-de-
oxy-2-chloro-6-phospho-D-glucose (CIDG-6-phosphate) and 2-deoxy-2-chloro-6-phospho-
D-mannose (CIDM-6-phosphate). The phosphorylated deoxyglucose compounds are de-
phosphorylated and the resulting compounds (FDG, FDM, CIDG, and CIDM) presumably
leave cells by passive diffusion. Fludeoxyglucose F 18 and related compounds are cleared
from non-cardiac tissues within 3 to 24 hours after administration. Clearance from the
cardiac tissue may require more than 96 hours. Fludeoxyglucose F 18 that is not involved
in glucose metabolism in any tissue is then excreted in the urine.

Elimination: Fludeoxyglucose F 18 is cleared from most tissues within 24 hours and can be
eliminated from the body unchanged in the urine. Three elimination phases have been
identified in the reviewed literature. Within 33 minutes, a mean of 3.9% of the admini-
strated radioactive dose was measured in the urine. The amount of radiation exposure of
the urinary bladder at two hours post-administration suggests that 20.6% (mean) of the
radioactive dose was present in the bladder.

Special Populations:

The pharmacokinetics of Fludeoxyglucose F 18 Injection have not been studied in renal-
ly-impaired, hepatically impaired or pediatric patients. Fludeoxyglucose F 18 is eliminated
through the renal system. Avoid excessive radiation exposure to this organ system and
adjacent tissues.

The effects of fasting, varying blood sugar levels, conditions of glucose intolerance, and
diabetes mellitus on Fludeoxyglucose F 18 distribution in humans have not been ascerta-
ined [see Warnings and Precautions (5.2)].

NONCLINICAL TOXICOLOGY

Carcinogenesis, Mutagenesis, Impairment of Fertility

Animal studies have not been performed to evaluate the Fludeoxyglucose F 18 Injection
carcinogenic potential, mutagenic potential or effects on fertility.

CLINICAL STUDIES

Oncology

The efficacy of Fludeoxyglucose F 18 Injection in positron emission tomography cancer
imaging was demonstrated in 16 independent studies. These studies prospectively
evaluated the use of Fludeoxyglucose F 18 in patients with suspected or known malignan-
cies, including non-small cell lung cancer, colo-rectal, pancreatic, breast, thyroid, melano-
ma, Hodgkin’s and non-Hodgkin's lymphoma, and various types of metastatic cancers to
lung, liver, bone, and axillary nodes. All these studies had at least 50 patients and used
pathology as a standard of truth. The Fludeoxyglucose F 18 Injection doses in the studies
ranged from 200 MBq to 740 MBq with a median and mean dose of 370 MBq.

In the studies, the diagnostic performance of Fludeoxyglucose F 18 Injection varied with
the type of cancer, size of cancer, and other clinical conditions. False negative and false
positive scans were observed. Negative Fludeoxyglucose F 18 Injection PET scans do not
exclude the diagnosis of cancer. Positive Fludeoxyglucose F 18 Injection PET scans can not
replace pathology to establish a diagnosis of cancer. Non-malignant conditions such as
fungal infections, inflammatory processes and benign tumors have patterns of increased
glucose metabolism that may give rise to false-positive scans. The efficacy of Fludeoxyg-
lucose F 18 Injection PET imaging in cancer screening was not studied.

Cardiology

The efficacy of Fludeoxyglucose F 18 Injection for cardiac use was demonstrated in ten
independent, prospective studies of patients with coronary artery disease and chronic left
ventricular systolic dysfunction who were scheduled to undergo coronary revascularizati-
on. Before revascularization, patients underwent PET imaging with Fludeoxyglucose F 18
Injection (74 to 370 MBq, 2 to 10 mCi) and perfusion imaging with other diagnostic radio-
pharmaceuticals. Doses of Fludeoxyglucose F 18 Injection ranged from 74 to 370 MBq (2
to 10 mCi). Segmental, left ventricular, wall-motion assessments of asynergic areas made
before revascularization were compared in a blinded manner to assessments made after
successful revascularization to identify myocardial segments with functional recovery.
Left ventricular myocardial segments were predicted to have reversible loss of systolic
function if they showed Fludeoxyglucose F 18 accumulation and reduced perfusion (i.e.,
flow-metabolism mismatch). Conversely, myocardial segments were predicted to have ir-
reversible loss of systolic function if they showed reductions in both Fludeoxyglucose F 18
accumulation and perfusion (i.e., matched defects).

Findings of flow-metabolism mismatch in a myocardial segment may suggest that suc-
cessful revascularization will restore myocardial function in that segment. However, fal-
se-positive tests occur regularly, and the decision to have a patient undergo revasculariza-
tion should not be based on PET findings alone. Similarly, findings of a matched defect in
a myocardial segment may suggest that myocardial function will not recover in that seg-
ment, even if it is successfully revascularized. However, false-negative tests occur regular-
ly, and the decision to recommend against coronary revascularization, or to recommend a
cardiac transplant, should not be based on PET findings alone. The reversibility of segmen-
tal dysfunction as predicted with Fludeoxyglucose F 18 PET imaging depends on success-

ful coronary revascularization. Therefore, in patients with a low likelihood of successful
revascularization, the diagnostic usefulness of PET imaging with Fludeoxyglucose F 18
Injection is more limited.
14.3 Neurology
In a prospective, open label trial, Fludeoxyglucose F 18 Injection was evaluated in 86
patients with epilepsy. Each patient received a dose of Fludeoxyglucose F 18 Injection in
the range of 185 to 370 MBq (5 to 10 mCi). The mean age was 16.4 years (range: 4
months to 58 years; of these, 42 patients were less than 12 years and 16 patients were
less than 2 years old). Patients had a known diagnosis of complex partial epilepsy and
were under evaluation for surgical treatment of their seizure disorder. Seizure foci had
been previously identified on ictal EEGs and sphenoidal EEGs. Fludeoxyglucose F 18 In-
jection PET imaging confirmed previous diagnostic findings in 16% (14/87) of the pati-
ents; in 34% (30/87) of the patients, Fludeoxyglucose F 18 Injection PET images provi-
ded new findings. In 32% (27/87), imaging with Fludeoxyglucose F 18 Injection was
inconclusive. The impact of these imaging findings on clinical outcomes is not known.
Several other studies comparing imaging with Fludeoxyglucose F 18 Injection results to
subsphenoidal EEG, MRI and/or surgical findings supported the concept that the degree
of hypometabolism corresponds to areas of confirmed epileptogenic foci. The safety
and effectiveness of Fludeoxyglucose F 18 Injection to distinguish idiopathic epilepto-
genic foci from tumors or other brain lesions that may cause seizures have not been
established.
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Clinical Multiparametric MR Imaging
of Breast Tumors at 7 Tesla
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Magnetic Resonance Imaging (MRI)
of the breast is a powerful imaging
tool for the characterization, diagnosis,
staging, and treatment monitoring

of breast cancer. Applications at clini-
cal magnetic field strengths (<3T)
have been extensively described.

At 7T*, substantial improvements in
image quality could be provided, if
technical challenges can be overcome.
In this article, the authors discuss

the technical considerations and chal-
lenges, and present preliminary imag-
ing examples obtained in patients on
a 7T MAGNETOM MR scanner using
dynamic contrast-enhanced MRI, dif-
fusion-weighted MRI, and sodium MRI.

While only a few ultra-high field MR
(7T) systems were installed ten years
ago, between fifty and sixty 7T whole-
body MR systems are currently avail-
able worldwide. The majority of these
systems are dedicated primarily to
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method development (sequence and
hardware design). Only recently
clinical studies have become possible.
Body MRI, in particular, has been
challenging at 7T.

At 7T, the increased signal-to-noise
ratio (SNR) may provide images with
higher spatial resolution and dynamic
imaging with higher temporal resolu-
tion. Significant improvements have
already been described in morpholog-
ical MRI, diffusion-weighted imaging
(DWI) and MR Spectroscopy (MRS)

of the brain and in musculoskeletal
imaging [1-4]. If technical challenges
can be overcome, 7T has the poten-
tial to substantially improve multi-
parametric breast MRI. This would
allow better detection of small and

*MAGNETOM 7T is ongoing research. All data
shown are acquired using a non-commercial
system under institutional review board permis-
sion. MAGNETOM 7T is still under development
and not commercially available yet. Its future
availability cannot be ensured.

non-mass lesions that are challenging
to identify with other existing clinical
breast imaging modalities.

To give an overview this article provides
initial clinical results of breast MRI per-
formed at 7T, with special focus on
dynamic contrast-enhanced (DCE) MRI,
DWI, and sodium imaging. Results and
images published in this article were
acquired at the MRCE in Vienna, Austria.

Dynamic contrast-enhanced (DCE)

MRI of the breast is an important clinical
imaging tool for detection and charac-
terization of breast lesions. By DCE-MRI,
differentiation between benign and
malignant contrast-enhanced breast
cancer lesions is possible with an excel-
lent diagnostic sensitivity close to 100%
[5-10]. In early reports of clinical
DCE-MRI performed at 1.5 or 3T a wide
range of specificities were reported
that ranged from 29% to 100% [8-10].

An example of
bilateral DCE MRI
obtained with
0.7x0.7x0.7 mm’
isotropic resolution
at 7T of a 45-year-old
breast cancer patient
with malignant
grade 2 invasive
ductal carcinoma
(arrow) with ring
enhancement.



However, with appropriate techniques
and experienced readers specificities
not lower than 80% can be achieved at
1.5T or 3T [11, 12].

DCE-MRI provides both, morphologic
assessment and enhancement charac-
teristics of the lesions. On the one
hand, using high spatial resolution
enables the analysis of the morpholog-
ical features of the lesions after con-
trast agent application and increases
the sensitivity and specificity for detec-
tion of single and multiple breast
lesions. On the other hand, high tem-
poral resolution is advantageous for
the analysis of contrast behavior during
contrast agent uptake and wash-out
phase [13]. Most malignant lesions
show a strong contrast increase in the
wash-in phase, followed by wash-out.

Due to limited SNR per time at field
strengths < 3T, a trade-off between
spatial and temporal resolution is nec-
essary [14]. Kuhl et al. compared dif-
ferent temporal resolutions, suggesting
that a higher spatial resolution is pref-
erable, even at the expense of temporal
resolution [14]. Other studies have
demonstrated that an accurate assess-
ment of both lesion morphology and
enhancement kinetics is crucial for
optimal diagnosis [11, 15-19]. Pinker
and co-workers used a block design

at 3T to acquire high spatial (pre- and
post-contrast) and high temporal reso-
lution (wash-in and post-contrast) to
achieve high diagnostic accuracy [13].

Higher magnetic fields (i.e., =3T) offer
increased SNR that can be translated
into higher spatial resolution [20].

Comparison of DCE-MRI of a
63-year-old breast cancer
patient. The pictures represent
a malignant grade 3 invasive
ductal carcinoma measured at
3T (2A) with spatial resolution
of 1.4x1.4x 1.4 mm’ isotropic
and at 7T (2B) with spatial
resolution of 0.7x0.7 x0.7 mm?>.

Recently, several studies explored

the increased SNR at 7T compared to
1.5T or 3T promising increased spa-
tial and/or temporal resolution. In

a preliminary study, Stehouwer et al.
measured one patient with a mammo-
graphically suspicious breast mass
(BI-RADS 5) at 3T and 7T using DCE-MRI
with a unilateral breast coil [21].
They found a contrast-enhancement-
to-noise ratio of 4.6 at 7T and 2.8 at
3T. Umutlu et al. reported high spatial
resolution data from ten healthy
subjects and five patients using a
single-loop surface coil at 7T [22].
Van de Bank et al. reported ultra-high
spatial and temporal resolution con-
trast-enhanced breast MR imaging
using parallel imaging at 7T [23, 24].
A direct comparison of contrast-
enhanced breast MRI between 3T and
7T showed excellent diagnostic accu-
racy at both field strengths in the same
patients (n=24), and comparable SNR
when using a 3.2-fold higher spatial
resolution at 7T, compared to 3T [25].
At 7T the authors used an isotropic
spatial resolution of 0.7x0.7 x0.7 mm
combined with a temporal resolution
of 14 s resulting in images without
significant artifacts and satisfactory
fat suppression (Fig. 1). This resulted
in a sensitivity of 100% and a speci-
ficity of 92% demonstrating the high
potential of breast-MRI at 7T [26].
Figure 2 shows a DCE MRI at 3T with
lower resolution (1.4 x 1.4 x 1.4 mm?)
but similar SNR than in 7T with the
resolution of 0.7x0.7x0.7 mm’ in the
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same patient with grade 3 invasive
ductal carcinoma (IDC).

There are still several technical
challenges of breast-MRI at 7T. The
majority of authors found that the B,
field decreases toward the chest wall,
which was observed and confirmed
in their studies when performing
(DCE-) breast MRI at 7T [27, 28].
Gruber et al. observed an SNR drop
toward the chest at 7T of about 50%
from the center of the breast. Mea-
surements in the breast of healthy
female subjects revealed that B;"
dropped by 21% in the pre-pectoral
region and 33% in the lateral region
compared to the central region at 7T
[27]. This may hamper the overall
image quality, influence curve kinet-
ics and hinder the diagnostic use of
7T MRI in those regions.

The use of T2-weighted sequences for
breast MRI at 7T was not reported,
because T2-weighted sequences based
on turbo spin echo have significant
B:" problems due to the use of multiple
refocusing pulses. In addition, the
use of multiple refocusing pulses and
inversion recovery increases the spe-
cific absorption rate (SAR) require-
ments substantially and fat suppres-
sion in complicated. This was already
a problem even at 3T. 3D T1-weighted
sequences at 7T are limited to the
use of low flip angles to minimize B;"
inhomogeneities and SAR.

Promising results for DCE-MRI of the
breast at 7T were shown by several
groups, indicating that high spatial
and temporal resolution are possible
and result in high diagnostic accuracy.
As soon as B; inhomogeneities and
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A DWI example of a 36-year-old breast cancer patient with grade 3 invasive
ductal carcinoma. The first image depicts the lesion on the contrast-enhanced
T1-weighted image (3A). Following are the DWI images: (3B) b = 0 s/mm’,
(3C) b = 850 s/mm? and (3D) the ADC map.

excessive local SAR are mitigated by
improved coil design (pTX technology
and B;" shimming) and sequence
techniques the potential of breast
MRI at 7T can be fully explored. This
will allow to measure breast lesions
that are more difficult to diagnose

at lower field strengths (e.g., small
lesions, non-mass-like enhancing
lesions, ductal carcinoma in situ).

Diffusion-weighted imaging (DWI)

is the most promising adjunct MRI
method to improve the diagnostic
specificity of the established DCE-MRI
examinations of the breast [29, 30].

By assessing the apparent diffusion
coefficient (ADC) of water molecules,
DWI probes tissue microstructure on
a cellular level. Low ADC values in
breast tissue reflect the higher cellular
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density that is present in malignant
lesions [30]. Therefore, DWI has

a high potential for characterizing
breast tumors and monitoring/
predicting treatment response [31].

However, DWI suffers from lower
spatial resolution than DCE-MRI. For
adequate morphologic assessment of
breast lesions, the EUSOMA working
group recommends to use spatial
resolutions not below 1x1x2.5 mm?®
for CE-MRI [32]. If this degree of ana-
tomical detail can be also reached by
DWI sequences, it may allow, both,
the detection of smaller lesions and
the morphological evaluation of
breast DWI beyond simple ADC mea-
sures. This prospect of combining
molecular and morphologic informa-
tion has driven the urge to improve
imaging techniques, hardware, and
measure at higher static magnetic
field strength.

While there is some initial clinical
experience published on DCE-MRI of
the breast at 7T [26, 27, 33], reported
experience on breast DWI at 7T is
scarce. Promising, but preliminary
unilateral breast DWI results of three
patients [34] and a volunteer [35]
have so far been shown at 7T, but
larger patients studies have not been
reported. Yet, an up to 5.7-fold SNR
increase compared to 3T indicates the
available potential, but the spatial res-
olution and image quality were ham-
pered by the use of single-shot echo
planar imaging (ss-EPI), fat suppres-
sion failure, and motion artifacts [34].

Routine breast DWI at <3T is based

on ss-EPI, but ss-EPI is known to be
prone to image artifacts (i.e., geometric
distortions, T2* image blurring, ghost-
ing artifacts, and insufficient fat sup-
pression) and these artifacts become
stronger at 7T [36-39]. Strong T2*
image blurring, in particular, prevents
the anticipated increase in spatial
resolution at 7T.

Recent sequence developments for
DWI of the brain at 7T, have conclu-
sively illustrated that most of these
artifacts can be effectively overcome
even at ultra-high magnetic field
strength, when using a novel 2D-navi-
gator-corrected readout-segmented
EPI sequence known as RESOLVE
(REadout Segmentation Of Long
Variable Echo trains) in combination
with GRAPPA (GeneRalized Autocali-
brating Partially Parallel Acquisitions)
[40]. Our initial experiences show that
this sequence can also significantly
improve the image quality of breast
DWI at 7T (Fig. 3). A combination of
RESOLVE and GRAPPA may overcome
former restrictions in spatial resolution
by providing high-quality DWI with
sub-millimeter in-plane resolution
(FOV 320 x 160 mm°, matrix 340 x 170,
0.9x0.9 x5 mm®) for characterization
of breast lesions in only 3:35 min.
Our data show that this combination
allows for clinical breast DWI protocols
that reduce the amount of artifacts by
a factor of 7 and significantly improve
the apparent spatial resolution com-
pared to regular ss-EPI sequences
(Fig. 4).



One additional aspect that we observed
in our data, is the fact that acquired
RESOLVE images without diffusion
weighting (i.e., b=0 simm?) had already
very similar spatial resolution and con-
trast as regular STIR. This raises the
question whether such RESOLVE-based
T2-weighted images could not possibly
replace additionally acquired STIR
images soon. This would make the
additional acquisition of STIR obsolete
and save valuable measurement time.

With spatial resolutions of DWI reach-
ing those recommended for DCE-MRI
of the breast [41, 42], future DWI eval-
uation may not anymore be limited

to ADC quantification alone, but could
allow the additional assessment of
morphologic features, which is a corner-
stone of current DCE-MRI evaluation.
This new aspect of DWI could further
improve the specificity of breast MRl and
should be the subject of future
investigations.

Our preliminary data are still far from
what could be possible at 7T. Cur-
rently, our image quality improve-
ments were predominantly achieved
via sequence improvements. How-
ever, our hardware was limited. We
used a dual tuned four-"H-channel
receive breast coil (Stark, Erlangen,
Germany) that provided reasonably
good B; homogeneity, but can be
easily outperformed with respect to
SNR by modern multi-array coil
design with =16 channels, and which
would in combination with multi
transmit technology, mitigate B;
errors to reduce sensitivity dropouts
e.g. near the axilla. Stronger diffu-
sion gradients than used for our pre-
liminary study (max gradient strength,
45 mT/m; slew rate, 150 T/m/s) will
further shorten TE and substantially
improve the SNR of DWI, in particular
since T2 decay in breast parenchyma
is twice as fast as in brain tissue [43].
Partial Fourier reconstruction could

further shorten the TE or scan time
of RESOLVE [44]. Further improve-
ments in hardware and software
may, therefore, double or even triple
the SNR obtained in our preliminary
study, paving the way for further
improvements in spatial resolution.

Proliferating cells have an abnormally
high sodium content, because the
normally very low intracellular sodium
concentration of about 10-15 mmol/l
is elevated several fold as a result of
altered Na'/H" transport kinetics and
pH [45]. Outside the cells continuous
perfusion of living tissue will ensure
a constant sodium concentration of
~140 mmol/l. Thus, an increase in the
extracellular volume fraction through
the increased vascularization (angio-
genesis) and the increased interstitial
space in tumors will also lead to an
increase in tissue sodium concentra-
tion (TSC) in tumors. While the total

Sample DWI images
with b=0 s/mm? of

a 23-year-old female
volunteer were
obtained for (4A)
rsEPl with GRAPPA
factor 2; (4B) ssEPI
with GRAPPA factor 2;
(4C) ssEPI without
parallel imaging,
compared to a
T1-weighted
reference image
obtained with
0.7x0.7x0.7 mm
isotropic resolution
(4D). Although all
DWI sequences were
adjusted to the same
spatial resolution
(i.,e.,,0.9x0.9 mm
in-plane), rsEPl with
GRAPPA showed
significantly less T2*
blurring (4A) than
both versions of ssEPI
(4A, B), as well as
lower distortion.
(Reproduced with
permission from
Bogner, Radiology,
2014)
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TSC (extracellular and intracellular)
is known to be a good measure of
altered cell metabolism [46-49], it is
expected that the quantification of
only intracellular sodium concentra-
tion (IC-TSC) is an even more specific
marker of pathology, since changes
in IC-TSC are more pronounced than
changes in total TSC [50].

The unique sensitivity of ’Na-MRI to
both extra-cellular volume and intra-
cellular changes related to cell prolif-
eration can provide information that
is supplemental to high resolution
CE-MRI.

While ’Na-MRlI is interesting for char-
acterization, it is expected that it
could play a much bigger role in treat-
ment prediction/monitoring. Lack of
substrate and oxygen can cause very
significant changes in TSC. As soon
as the energy dependent Na'/K™-ATPase
stops pumping sodium out of the

cell, passive sodium influx from the
extracellular environment will rapidly
raise the intracellular levels of sodium
several fold. This effect is exacer-
bated if a stress on the cells increases
the permeability of the cell wall for
sodium ions. It was also shown recently
that Na“/K*-ATPase is a critical factor
in multi drug resistance of cancer
cells [51, 52]. Na“/K'-ATPase is thus
an important target in drug develop-
ment for cancer treatment. Also in
treatment monitoring the discrimina-
tion of IC-TSC and EC-TSC may poten-
tially improve the possibility to
observe even small changes in IC-TSC.

The acute effect of a therapy that
causes cell death on an appreciable
scale should therefore be easy to
monitor with *’Na-MRI. Several ani-
mal studies found significantly
increased TSC a few days after ther-
apy [48, 49]. Only one treatment

An example of sodium imaging of a healthy subject. (5A) Is a localizer 'H image
and (5B) a sodium image with the resolution of 1.5x 1.5 x5 mm’.
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response study extracted information
on both IC-TSC and EC-TSC one day
after treatment [50]. Long-term effects
of such therapies remain to be investi-
gated. In a limited number of breast
cancer patients that underwent pre-
operative adjuvant therapy the effect
of the therapy in responders showed
an increase in the tumor TSC along
with a decline in lesion size as
reported recently [53].

While *Na with reasonably good spa-
tial resolution was not possible at <3T,
we can show that at 7T breast ’Na MRI
can reach spatial resolutions that are
already similar to that of DWI at lower
field strengths. With a bilateral dual
tuned "H/*’Na phased array breast coil
(i.e., 16->Na receive-channels) in com-
bination with a highly sensitive ultra-
short echo-time sequence, AWSOS
(Acquisition Weighted Stack Of Spirals)
[54] were able to acquire high resolu-
tion *’Na images in both healthy volun-
teers and patients with high in-plane
spatial resolution of 1.5x 1.5 mm’
(FOV 320 x 320 mm°, matrix 208 x 208,
1.5x1.5x5 mm?) in a reasonable

scan time of 16:19 min.

Our preliminary results show that even
the low “Na content in healthy glan-
dular breast tissue can be well imaged
using advanced imaging techniques/
hardware at 7T (Fig. 5). Due to the low
gyromagnetic ratio of ’Na compared
to 'H nuclei, there are no significant
problems related to expected B; inho-
mogeneities, however the very short
relaxation times are challenging for
the design of sensitive MR sequences.
It can be expected that the signifi-
cantly higher ”’Na content in malignant
breast lesions can be imaged with
further improved spatial resolution.
Satisfactory image resolution, SNR and
reasonable imaging time, enable this
technique to be potentially imple-
mented in routine MRI protocols. How-
ever, future sequence development
will have to target a more specific
quantification of IC-TSC concentration
[55]. With such IC-TSC sensitive meth-
ods in hand, ®Na could be become

a powerful imaging tool for character-
ization of breast tumors and particu-
larly assessment of treatment status,



since changes in IC-TSC are known

to appear even far before they can be
depicted by other modern MRI tech-
niques such as DCE-MRI, DWI, MR
spectroscopy. In combination with
other "H MRI techniques *’Na imaging
may, thus, become an attractive tool
for the investigations of breast tumors
with a particular focus on the early
treatment prediction and monitoring.

fully exploit the imaging potential of
7T MRI even for the assessment of
breast cancer. 7T MRI of the breast
will simultaneously provide high tem-
poral and spatial resolution DCE-MRI,
allow increased spatial resolution of
DWI that can compete with that of
CE-MRI at lower field strength, and
even make additional imaging con-
trasts such as Na imaging available
that were impossible to perform in
the past. While this will likely not
change routine breast cancer diagno-
sis, it remains to be shown, what
impact multi-parametric MRI of the
breast at 7T can have in the fine-
tuning of expensive, but life-saving
neoadjuvant treatments.

Contact

Although in the near future, MRI of
the breast at 7T will remain technically
challenging, our recent patient results
show already significant image quality
improvements with a high potential
for clinical application.
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With the additional use of the most
recent hardware (stronger gradients,
parallel transmit technology, improved
coil design) and further improved MR
sequences, we will soon be able to
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Can an Automated Decision Tree Based on
Quantitative DCE-MRI Help to Accurately
Classify Complex Adnexal Masses?

Anahita Fathi Kazerooni; Mahnaz Nabil; Hamidreza Saligheh Rad

Quantitative MR Imaging and Spectroscopy Group, Research Center for Molecular and Cellular Imaging,
Tehran University of Medical Sciences, Iran

Department of Medical Physics and Biomedical Engineering, School of Medicine,
Tehran University of Medical Sciences, Iran

Ovarian cancer is recognized to be

a genetically heterogeneous disease
with a poor prognosis, and the lead-
ing cause of death in women from
gynecological cancers [1]. It has
been called the “silent killer”, due to
its non-specific symptoms and
absence of effective screening tools,
which delays the diagnosis until it is
well advanced [2]. Overall 5-year sur-
vival is about 50%, which could be
improved drastically to 90%, if diag-
nosed at an early stage [3]. In this
light, an adequate screening tool,
that allows for sensitive and specific
detection at early stages, could
highly impact patient survival.

Several diagnostic imaging tech-
niques have been investigated for
their potential screening and diag-
nostic capability. Ultrasonography
(US) is the first-line examination
method of choice for discovering
ovarian masses, due to its wide avail-
ability, low costs, and high sensitivity
in detecting abnormal masses [4].
Nevertheless, there exist some over-
lap in US features extracted for
benign or malignant ovarian masses
and about 10 to 20% of ovarian
masses remain indeterminate on US,
which are mostly benign lesions. This
could be either because their origin
(ovary, uterus or other pelvic struc-
tures) is difficult to determine on US
exam, or they manifest with complex
structure (having both solid and
cystic components) [5].

Accurate decision making about the
type and extent of indeterminate
complex ovarian mass could signifi-
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cantly affect patient outcome:

While unnecessary and extensive
operation could be avoided in patients
with benign masses, increased
survival rate could be offered to
patients with malignant masses by
accurate staging and radical resec-
tion [5, 6].

Magnetic resonance imaging (MRI)
offers significantly higher specificity
over US (84-92% for MRI [7-9] vs.
50% for US [10]) for characterizing
indeterminate complex adnexal
masses, as it provides superb spatial
resolution and tissue contrast [7, 10,
11]. Yet, approximately 10% of inde-
terminate complex ovarian masses
are "overcalled” by conventional MRI:
Some benign tumors appear with vis-
ible enhancement, which are usually
interpreted as malignant lesions

[6, 12]. Besides, the interpretation
of the images is qualitative; hence it
is subjective and dependent on the
experience of the radiologist [7].

Dynamic contrast-enhanced (DCE-)
MRI has evolved into a helpful predic-
tive and prognostic imaging tech-
nique in distinguishing benign from
malignant complex adnexal masses
[13, 14]. In this setting, semi-quanti-
tative parameters extracted from
contrast enhancement curves have
shown to provide noninvasive and
quantitative biomarkers of tumor
progression [15]. Improved imaging
accuracy, achieved through sensitive
and specific quantitative biomarkers
of ovarian tumor malignancy by
DCE-MRI, could lead to the develop-
ment of efficient diagnosis and

screening tools, increase the probability
of early diagnosis, and consequently
improve patient outcome.

Reliable prediction of malignancy

in complex adnexal masses depends
on proper selection of quantitative
DCE-MRI descriptive parameters and
their cutoff points. The selection of
cutoff points is commonly carried out
by threshold criteria [14, 16], and

is dependent on the imaging protocol
and the MRI scanner. However, whilst
one of the major assumptions in quan-
tification of DCE-MR images in abdom-
inal organs, such as the ovary, is spa-
tially fixed region-of-interest over the
time course of contrast agent passage,
this assumption becomes essentially
invalid when motion artifacts occur.
Thus, accurate quantification of DCE-
MRI image series depends greatly on
minimization of motion artifacts. Typi-
cally, this effect is eliminated by fitting
the DCE-MRI enhancement curves to a
sigmoid function [14, 15], which are
prone to estimation errors.

In this article we describe how we
exploited an unsupervised, non-para-
metric clustering algorithm, which
does not require any prior expert
knowledge about the thresholds to
select the optimal predictor parame-
ters, followed by the introduction of a
classification decision-tree for accurate
differentiation of malignant from
benign ovarian tumors. Additionally,
we introduced an efficient non-rigid
registration approach and investigated
the impact of registration on the clas-
sification results.
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n Case analysis: How we do it * Data acquisition
In what follows, we test the auto- (summarized in Table 1);
-0.21 x TTP -0.12 x WIR mated classification scheme on two * Pre-processing: including the
patients, diagnosed histopathologi- non-rigid registration scheme for
L 184 J cally with benign and malignant motion correction;
complex adnexal cases. The overall * Quantification: consisting of ROI
+ procedure for the classification placement on tumor (we do not

of benign and malignant complex need to select an internal reference,

Output adnexal masses is summarized as TTP and WIR do not require
(Fig.2): normalization), and quantitative

parameter calculation;
n Decision tree with accuracy of « Classification: employing the

100%, obtained with TTP and
WIR parameters for classifying
registered data of benign and
malignant complex adnexal
masses with equation

decision tree of Figure 1 for
distinguishing the tumor type.

Output=—-0.21TTP - 0.12WIR + 8.4

Table 1: Parameters of MRI sequences

SE T2w SE T2w fat GRE FLASH T1w | GRE Spoiled fat saturated 3D Turbo FLASH T1w
saturated EVE] T1w (pre- and post- contrast) DCE-MRI

Coronal and/or

Plane Sagittal Axial Axial Axial Axial

TR (ms) 4000 5910 773 832 1.74

TE (ms) 100 96 11 11 5

Flip angle (°) 120 120 70 70 60
Field-of-view (mm?) 200x 250 214 x350 214 %350 214 x 350 230x230
Slice thickness (mm) 5 4 4 4 5

Gap (mm) 1 1 1 0 0

Matrix 320x260 256 x 256 256 x 256 256 x 256 156 x192

Image Acquisition

DCE-MR Image Analysis

Non-rigid image registration for ROI placement on the tumor Semi-quantitative parameter
misalignment corretion calculation

Classification

Unsuspervised classification after registration

B The flow diagram of the overall classification procedure.
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Case 1: Serous Cystadenocarcinoma

The first example on the overall adnexal mass on ultrasound exami- malignancy of the tumor in this
classification scheme is a 20-year-old nation. The postoperative histopath-  patient. The stepwise classification
patient, diagnosed with complex ological assessment indicated the procedure is as follow:

Step 1: Image acquisition

Figure 3: A 20-year-old patient diagnosed with complex adnexal mass on ultrasound examination: (3A) Sagittal T2w image;
(3B) Fat-saturated axial T2w image; (3C) Pre-contrast fat-saturated axial T1w image; (3D) Post-contrast Fat-saturated axial
T1w image; and (3E) axial DCE-MR image.

Step 2: DCE-MR image analysis

550

500

450

400

350

Signal Intensity

300 H -

200 I+ —o6— Registered
4 —&— Unregistered
TTP (in terms of time point) 23 150 1 1 1 1 1 1

0 50 100 150 200 250 300 350
WIR 18.58 Time (s)

ROI placement on solid part of tumor tissue in a sample slice of DCE-MR image of the patient; the red stars represent the
unregistered data points and the black circles denote the registered data points. The table indicates the parameter calculations.

Step 3: Classification

Output=-0.21x23-0.12x18.58+8.4=1.34>0 = malignant
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Case 2: Serous Cystadenoma

Here, we provide another example postoperative histopathological
of determining the tumor type in a assessment result demonstrated that
31-year-old patient, in whom the the cancer is benign.

Step 1: Image acquisition analysis

A 31-year-old patient with
postoperative histopathological
result indicating the benignity of the
tumor: (5A) Sagittal T2w image;
(5B) Fat-saturated axial T2w image;
(5C) Pre-contrast fat-saturated axial
T1w image; (5D) Post-contrast
fat-saturated axial T1w image; and
(5E) axial DCE-MR image.

Step 2: DCE-MR image analysis

160 T T T T T T

140 -

130 -

120

110 -

Signal Intensity

100

90 |- —6——Registered -
—&— Unregistered

TTP (in terms of time point) 51 < | 1 ] 1 1 1

0 50 100 150 200 250 300 350
WIR 3.48 Time (s)

ROI placement on solid part of tumor tissue in a sample slice of DCE-MR image of the patient; the red stars represent the
unregistered data points and the black circles denote the registered data points. The table indicates the parameter calculations.

Step 3: Classification

Output=-0.21x51-0.12x3.48 + 8.4 =-2.73 < 0 = benign
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How we do it:
Materials and methods

Subjects

We obtained study approval from the
Medical Ethics Committee of Tehran
University of Medical Sciences, and
patients were included if they pro-
vided written informed consent.
Between June 2012 and March 2013,
MR imaging was carried out preopera-
tively on twenty-two patients, who
were scheduled for surgical removal of
an ovarian mass, suspicious as malig-
nant complex adnexal masses on US
examination, had no contraindications
for MR imaging and for receiving con-
trast agent. All of the patients under-
went postoperative histopathological
assessment.

MR imaging protocol
Magnetic resonance images were
acquired on a clinical 3T MR scanner
(MAGNETOM Trio, A Tim System,
Siemens Healthcare, Erlangen, Ger-
many), with patients placed in a
phased-array coil in the supine posi-
tion. The patients fasted for 3 hours
and received 20 mg of an antispas-
modic drug (Hyoscine Butylbromide
(Buscopan; Boehringer, Ingelheim,
Germany)) injected intravenously
immediately before MR imaging session
to reduce bowel peristalsis. The follow-
ing pulse sequences were applied:
A sagittal and/or coronal T2-weighted
fast spin-echo image from one
femoral head to the other; bony
Bankart lesion
An axial fat-suppressed T2-weighted
fast spin-echo images from the renal
hilum to the symphysis pubis;
An axial T1-weighted gradient-echo
with breathhold;
Pre- and post-contrast axial fat
suppressed spoiled T1-weighted
gradient-echo;
Axial breathhold DCE-MRI using 3D
Turbo FLASH T1-weighted fat-sup-
pressed gradient echo consisting of
52 measurements with a temporal
resolution of 6 s/frame. The acquisi-
tion was performed before and
immediately after injection of
0.2 ml/kg of Gadolinium (Dotarem;
Guerbet, Aulnay, France), followed
by injection of 20 cc normal saline
solution with 3 ml/min injection rate.
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Image analysis and quantification

DCE-MRI registration

Two types of motion occur in DCE-MR

images of abdominal organs:

1) Complex motion resulting from
breathing, pulsation, and the
natural movement of the organ-of-
interest or its surrounding organs;

2) Motion of contrast agent in the
tissue [17].

Motion correction of DCE-MR image
series becomes a challenging issue in
the sense that the proposed registra-
tion algorithm for rectifying the first
type of motion must be unaffected by
signal intensity changes during the
bolus passage.

Misalignments of DCE-MR images

of ovarian masses were corrected by
registering each frame to a reference
frame selected from the same series.
The proposed registration approach
composed of two steps: (1) 2D rigid
registration employing normalized
mutual information (NMI) as the simi-
larity measure: the first image in the
sequence of images was used as the
reference and the consequent images
were aligned with the first image; (2)
2D non-rigid registration using resid-
ual complexity (RC) similarity measure
along with 2D Free Form Deformation
(FFD) b-spline transformation, and
the gradient descent optimization
method.

The said registration approach was
implemented and performed in
MATLAB (MathWorks, Natick, MA,
USA). The computation time was
calculated using the developed
software code.

Table 2:

DCE-MRI quantification

We arranged for the dynamic data to
be analyzed by an experienced radiol-
ogist unaware of the patients’ clinical
and pathological information. Two
regions-of-interest (ROIs) were drawn
for each examination: one within the
solid tissue of the adnexal tumor and
one in the psoas muscle, as the inter-
nal reference. Signal intensity-time
courses of these ROIs were deter-
mined over all time frames for semi-
quantitative analysis. Semi-quantita-
tive enhancement parameters,
including maximum absolute
enhancement (Slmax), initial area
under the curve in the first 60 sec-
onds (IAUC60), wash-in-rate (WIR),
and time-to-peak (TTP), were then
calculated from the normalized signal
intensity-time curves using an in-
house software implemented in
MATLAB. The quantitative parameters
under investigation are summarized
in Table 2.

Classification of benign and
malignant tumors

Classification was performed using
each of the descriptive parameters
and different sets of their combina-
tion, using linear discriminant analy-
sis (LDA), before and after registra-
tion of the time-intensity curves. The
objective of cluster analysis of semi-
quantitative parameters was to find
an optimal and accurate classifier for
diagnosing the tumor type, for rou-
tine applications in clinical practice.

Description of semi-quantitative parameters

Slinax Maximum absolute enhancement: maximum signal intensity (Ratio)
of tumor normalized to that of psoas muscle, as an internal
reference.

1AUCo Initial area under the time-intensity curve over the first (Ratio)
60 seconds after gadolinium injection, normalized to that
of psoas muscle.

TTP Time-to-Peak: the time to the maximum absolute enhancement. s

WIR Wash-in-Rate = (Slna-Slo)/TTP a.u.ls



Informed consent forms were col-
lected from a total of twenty-two
patients with complex ovarian masses,
who were recruited for this study.
All subjects were scheduled for con-
sequent surgery to remove at least
one ovary and postoperative histo-
pathological assessment. Of these
patients 12 were included in the
quantification with benign (three
with bilateral masses), and 10 with
malignant, complex ovarian masses
(four with bilateral or multiple
masses). Their mean age was 39.3
(age range 20-70). An experienced
radiologist defined ROIs within the
solid part of adnexal tumor and also
in the psoas muscle, by examining
the morphological images.

The effect of registration

on DCE-MRI curves

Figures 7 and 8 illustrate two exam-
ples, in which the registration highly
improved the alignment of dynamic
images. On the left side of Figures 7
and 8, the sample image and the
selected ROI have been demonstrated
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Signal intensity time
curve from unregistered
images, and registered
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(RC) in a patient
diagnosed histopatho-
logically with benign
ovarian mass.
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Signal intensity time
curve from unregistered
images, and registered
by RC in a patient
diagnosed histopatho-
logically with malignant
ovarian mass.
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and on the right side, the mean sig-
nal intensity time courses have been
calculated and drawn for the selected
ROI obtained from unregistered
image sequence and the images reg-
istered by RC similarity measure in
two patients with benign and malig-
nant tumors, respectively. The pro-
posed non-rigid registration signifi-
cantly improved the signal intensity
time curves in benign ovarian masses
with respect to unregistered data.

Figure 9 illustrates the box-and-
whisker plots for TTP, Simax, WIR,
and IAUC60 for both benign and
malignant tumors. A difference in the
TTP was found between the benign
and malignant groups (P<0.001).
TTP was higher in benign than in
malignant tumors. Simax, IAUC, and
WIR were higher in malignant than
in benign tumors. A difference was
noted for Sl (P<0.1), but no
significant difference was found
among these two groups for WIR and
IAUC (P >0.1), before motion correc-
tion. After registration, the separa-

200

250

tion among benign and malignant
cancers significantly improved in TTP
(P<0), and slightly in WIR (P<0.1)
and IAUC (P<0.1) parameters. TTP and
WIR parameters led to none and small
overlaps between enhancement char-
acteristics of benign and malignant
tumors, respectively, suggesting their
reliability in distinguishing cancer types.

Classification of benign and
malignant tumors

The classification of benign and malig-
nant complex ovarian cancers was
performed on each of the quantitative
parameters individually and also on
their combinations, before and after
registration. The accuracy of classifier
for each parameter set is summarized
in Figure 10. It is apparent from the
results that the classification accuracy
of each parameter individually and in
combination with other parameters,
increases after registration, which is
suggestive of the importance of motion
correction in DCE-MRI context. TTP
alone reaches a high accuracy for
detecting malignancy (82%), which
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improves after registration (95.5%).
The IAUC returns the least classification
accuracy, both individually and when
added to a combination of other para-
meters (e.g. by adding IAUC to the
combination of SImax and TTP, the
accuracy values of classification before
and after registration remain as 86.4%
and 95.5% respectively).

The following feature sets were shown
to induce the accuracy of 100% after
registration:

B Accuracy on Registered Data (%)

* TTP, WIR

* TTP, Slmax, WIR

* TTP, WIR, IAUC

* TTP, Slmax, WIR, IAUC

We evaluated the robustness of all
the classifiers using leave-one-out
cross-validation. The combination of
TTP and WIR, which has the smallest
feature set, could reliably separate
the benign and malignant complex
ovarian cancers. The designed deci-
sion tree for classification of benign
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designed classifier
on individual
parameters and
several combi-
nation sets before
and after regis-
tration, in terms of
accuracy. It can be
observed from the
results that after
registration, the
results of classifi-
cation improve
greatly or in the
case of Sl,.« alone,
remain the same.

and malignant tumors is indicated in
Figure 1. If the output of this classi-
fier has a positive value, the cancer
should be interpreted as malignant;
otherwise, it is a benign cancer.

Interestingly, the WIR and TTP para-
meters do not require the normaliza-
tion of the signal intensity time
curve; hence, the ROl placement on
the psoas muscle could be elimi-
nated, which could result in reduced
calculations.



The work we have presented above
addresses the problem of classifying
complex ovarian masses using DCE-MRI
semi-quantitative parameters, by
employing an automated decision tree.
We have evaluated the capability of
several semi-quantitative parameters
extracted from DCE-MRI signal intensity
time courses in characterization of com-
plex adnexal masses. The TTP parameter
was the most sensitive parameter and
WIR was the most specific parameter in
discriminating benign from malignant
complex ovarian tumors. These findings
were consistent with previous findings:
TTP, which is indicative of early enhance-
ment, is confirmed to be related to the
ovarian tumor malignancy [15], and WIR
(the maximal slope ratio) has shown to
correlate to the expression of vascular
endothelial growth factor (VEGF), which
is a biomarker of tumor malignancy
[15]. In order to increase the overall
classification accuracy, TTP and WIR
were combined to create a decision tree
for discriminating benign and malignant
complex ovarian tumors.

Jemal, A., et al., Cancer statistics, 2008.
CA: a cancer journal for clinicians, 2008.
58(2): p. 71-96.

Bharwani, N., R.H. Reznek, and A.G. Rockall,
Ovarian cancer management: the role of
imaging and diagnostic challenges. European
journal of radiology, 2011. 78(1): p. 41-51.
Chan, J.K., et al., Patterns and progress

in ovarian cancer over 14 years. Obstetrics
& Gynecology, 2006. 108(3, Part 1):

p. 521-528.

Brown, D.L., K.M. Dudiak, and F.C. Laing,
Adnexal masses: US characterization and
reporting. Radiology, 2010. 254(2): p. 342.
Spencer, J.A. and S. Ghattamaneni, MR
imaging of the sonographically indeter-
minate adnexal mass. Radiology, 2010.
256(3): p. 677.

Spencer, J.A., et al., ESUR guidelines for

MR imaging of the sonographically indeter-
minate adnexal mass: an algorithmic
approach. European radiology, 2010. 20(1):
p. 25-35.

Hricak, H., et al., Complex Adnexal Masses:
Detection and Characterization with MR
Imaging — Multivariate Analysis 1. Radiology,
2000. 214(1): p. 39-46.

Sohaib, S., et al., The role of magnetic
resonance imaging and ultrasound in
patients with adnexal masses. Clinical
radiology, 2005. 60(3): p. 340-348.
Adusumilli, S., et al., MRI of sonographically
indeterminate adnexal masses. American
Journal of Roentgenology, 2006. 187(3):

p. 732-740.

Lutz, A.M., et al., Early diagnosis of ovarian
carcinoma: is a solution in sight? risk, 2011.
6:p.8.

In addition, we exploited an efficient
non-rigid registration approach using
RC similarity measure for correcting
motion among consequent images in
the dynamic time series. The indicated
figures comparing the registered and
unregistered data, suggest to us a pos-
itive impact of registration for improv-
ing the classification accuracy. To test
the effect of registration on classifica-
tion outcome, we explored the classi-
fication accuracy of individual and
combinations of semi-quantitative
parameters, achieved before and after
RC registration. We have thus demon-
strated that alignment of data could
significantly enhance the capability of
semi-quantitative parameters in char-
acterization of complex ovarian can-
cers. In our view, this result is indica-
tive of the importance of DCE-MRI
registration, as an alternative to sig-
moid data fitting, which is routinely
used in literature to account for
motion artifacts [14, 15, 18, 19]. We
also believe that registration of
dynamic series could lead to easier

Kinkel, K., et al., Indeterminate Ovarian
Mass at US: Incremental Value of Second
Imaging Test for Characterization —
Meta-Analysis and Bayesian Analysis 1.
Radiology, 2005. 236(1): p. 85-94.
Vargas, H.A., T. Barrett, and E. Sala, MRI
of ovarian masses. Journal of Magnetic
Resonance Imaging, 2013. 37(2):

p. 265-281.

Dilks, P., et al., Can quantitative dynamic
contrast-enhanced MRl independently
characterize an ovarian mass? European
radiology, 2010. 20(9): p. 2176-2183.
Thomassin Naggara, I., et al., Dynamic
contrast enhanced magnetic resonance
imaging: A useful tool for characterizing
ovarian epithelial tumors. Journal of
Magnetic Resonance Imaging, 2008.
28(1): p. 111-120.

Thomassin-Naggara, ., et al., Epithelial
ovarian tumors: value of dynamic
contrast-enhanced MR imaging and
correlation with tumor angiogenesis 1.
Radiology, 2008. 248(1): p. 148-159.

calculation of characteristic parameters,
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in contrast to sigmoid curve fitting,
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other — we have been able to design a
robust classifier, composed of WIR and
TTP parameters, in the form of a deci-
sion tree. This classifier can therefore
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in routine clinical practice.
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Case Study: Yolk Sac Tumor

Maren Asmussen, M.D.; Peter Reimer, M.D.

Stadtisches Klinikum Karlsruhe gGmbH, Department of Pediatric Radiology, Karlsruhe, Germany

Yolk sac tumor (YST) also known as
an endodermal sinus tumor, is a rare
malignant germ cell tumor.

1-year-old* patient, consultation with
pediatrician due to infection of the
airway, child also tearful, increasingly
apathetic.

Sonography depicted a mass in
lower abdomen.
Upon acceptance in the pediatric
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clinic laboratory data were generated:

CRP 10.5 mg/dl, LDH 554 U/, Leukos
20.58/nl, Erys 2.95/pl, Hb 8.2 g/dl.

Whole-body MR imaging (1.5T
MAGNETOM Espree) showed a large
intraperitoneal, supravesical mass
lying on the right paramedian and
median; the apical portion of the
tumor appears highly inhomogeneous
with partially more perfused and
partially less perfused sections and

two hyperintense areas in T1, with the
suspicion of hemorrhage. The caudal
portion of the tumor appears less
inhomogeneous with strong perfusion
and large feeding arteries from the
right arteria iliaca interna (syngo TWIST
angiography not shown).

Moderate ascites. Major pleural effusion
on the right, slight pleural effusion
on the left, small pericardial effusion.

Small intestine partially distended with
abundant fluid and air-fluid levels as

(1A) STIR coronal,
(1B, C) T1-weighted
native cor,

(1D) T1-weighted
post-contrast coronal.



Staging skull (2A), liver (2B).

indication of a blockage by the mass,
currently no evidence of ileus.

No evidence of tumor-suspect or tumor
pathological lymph nodes in the head,
thorax or abdomen.

Insufficient lung ventilation accom-
panying pleural effusion, thus limited
possibility for assessment of lungs.

To this extent no evidence of metastatic
spread.

OP: Right salpingo-oophorectomy.
Tumor dorsally ruptured, partially
adherent to sigma, no detectable
macroscopic infiltration. Hemorrhagic
ascites with parts of tumor.

Contact

Histology:

Yolk sac tumor with partially reticular,
partially solid, granular pattern.

No mixed differentiation.

Tumor stage:
Ic, R1

Laboratory:

AFP 10605 ng/ml (post-OP 4172 ng/ml,
after 6 weeks' therapy: 18.7 nliml)
BHCG< 1.0 mU/ml

Therapy:
Etoposide, cisplatin, ifosfamide

Staging control:
No further residual tumor
delimitable.

Maren Asmussen, M.D.

Stadtisches Klinikum Karlsruhe gGmbH
Dept. of Pediatric Radiology

Moltkestr. 90

76133 Karlsruhe, Germany

Phone: +49 (0)721 974 1950
Maren.Asmussen@klinikum-karlsruhe.de

* Siemens disclaimer: MR scanning has not
been established as safe for imaging fetuses
and infants less than two years of age.

The responsible physician must evaluate the
benefits of the MR examination compared
to those of other imaging procedures.
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