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Abstract

Quantitative standardized uptake values (SUVs) from fluorine-18 (18F) fluorodeoxyglucose
(FDG) positron emission tomography/computed tomography (PET/CT) are commonly used to
evaluate the extent of disease and response to treatment in breast cancer patients. Recently, PET/
magnetic resonance imaging (MRI) has been shown to qualitatively detect metastases from various
primary cancers with similar sensitivity to PET/CT. However, quantitative validation of PET/ MRI
requires assessing the reliability of SUVs from MR attenuation correction (MRAC) relative to CT
attenuation correction (CTAC). The purpose of this retrospective study was to assess the utility of
PET/MRI-derived SUVs in breast cancer patients by testing the hypothesis that SUVs derived
from MRAC correlate well with those from CTAC. Between August 2012 and May 2013, 35
breast cancer patients (age 37-78 years, 1 man) underwent clinical 18F-FDG PET/CT followed by
PET/MRI. One hundred seventy metastases were seen in 21 of 35 patients; metastases to bone in
16 patients, to liver in seven patients, and to nonaxillary lymph nodes in eight patients were
sufficient for statistical analysis on an organ-specific per patient basis. SUVs in the most FDG-
avid metastasis per organ per patient from PET/CT and PET/MRI were measured and compared
using Pearson’s correlations. Correlations between CTAC- and MRAC-derived SUVmax and
SUVmean in 31 metastases to bone, liver, and nonaxillary lymph nodes were strong overall (p=
0.80, 0.81). SUVmax and SUVmean correlations were also strong on an organ-specific basis in 16
bone metastases (p=0.76, 0.74), seven liver metastases (p= 0.85, 0.83), and eight nonaxillary
lymph node metastases (p= 0.95, 0.91). These strong organ-specific correlations between SUVs
from PET/CT and PET/MRI in breast cancer metastases support the use of SUVs from PET/MRI
for quantitation of 18F-FDG activity.
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Evaluating disease extent and response to therapy in metastatic breast cancer often depends
on accurate quantitation of fluorine-18 (18F) fluorodeoxyglucose (FDG) activity in positron
emission tomography (PET), which requires attenuation correction. Computed tomography
attenuation correction (CTAC) is based on tissue density information provided by CT (1).
Signal from magnetic resonance imaging (MRI) is not dependent on tissue density, and thus
the development of molecular MRI necessitates a different method for MR attenuation
correction (MRAC). Current techniques for MRAC include the atlas-based method, which
corrects images using a template data set, and the segmentation method, which assigns
attenuation coefficients after tissue identification using standard reference values (2:3).

Potential benefits of molecular MRI include fusing PET and MR data in a single image
acquisition, which may result in improved visualization of metastases without the additional
ionizing radiation of CT (4). Qualitative validation of this new modality in terms of lesion
detection is ongoing, and early results have been encouraging (5726).

In addition to qualitative lesion detection, quantitative validation of MRAC is required
before PET/MRI can be introduced into clinical practice, as standardized uptake values
(SUVs) are often used to characterize suspicious lesions. This validation entails assessing
SUVs and quantified lesion conspicuity from MRAC with CTAC as the reference standard.
As such, the purpose of this study was to test the hypothesis that SUVs derived from MRAC
correlate well with those from CTAC. Quantified PET conspicuity of breast cancer
metastases from delayed PET/MRI was also compared with PET/CT.

MATERIALS AND METHODS

Written informed consent was obtained from all patients included in this institutional review
board-approved, Health Insurance Portability and Accountability Act-compliant,
retrospective study. Between August 2012 and May 2013, 35 consecutive breast cancer
patients (mean age 58 + 12 years, range 37—78 years; 34 women, 1 man) with known or
suspected metastatic disease underwent whole-body PET/MRI following clinically indicated
18F-FDG PET/CT.

PET/CT Examination

Before imaging, patients fasted for at least 4 hours, insulin was withheld for 6 hours, and
blood glucose was verified to be less than 200 mg/dL. Sixty + fourteen minutes following
intravenous 18F-FDG administration (mean dose 551 + 18.5 MBq), patients underwent
PET/CT from vertex to thighs (Siemens Biograph mCT); intravenous CT contrast agent was
not administered except for in one patient per referring clinician. CT acquisition parameters
were as follows: 120 kVp, 95 mA, 5.0 mm slice width, 50 cm transaxial field of view, 512 x
512 transaxial image matrix, B40f convolution kernel. PET acquisition parameters were as
follows: 2 minutes per bed position, 814 mm transaxial field of view, 221 mm axial field of
view, 200 x200 transaxial matrix, and 3 mm Gaussian postreconstruction image filter. PET
images were reconstructed with CT for attenuation correction with the attenuation-weighting
ordered subsets expectation-maximization 3D algorithm at two iterations and 24 subsets.
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With these parameters, the transaxial voxel size was 4.07 x4.07 mm and the axial voxel size
was 2.03 mm.

PET/MRI Examination

Immediately following PET/CT, patients were transferred to a nearby facility for PET/MRI.
PET and MRI data were simultaneously acquired using the 3T Siemens Biograph mMR
system 167 + 36 minutes after the earlier 18F-FDG injection, with mean interval between
start of PET/CT and start of PET/MRI of 106 + 34 minutes. Whole-body PET/MRI
examination was conducted from thighs to vertex and included 6-7 stations depending on
patient height, with the following protocols per station: (i) 3D coronal volumetric
interpolated breath-hold examination (VIBE) Dixon for MRAC; p-maps were generated
using an MR-based segmentation method, with separation of fat, soft tissue, lung, and
background attenuation; (ii) T1-weighted radial 3D gradient-echo (radial VIBE); and (iii)
2D double-refocused echo-planar, diffusion weighted imaging (repetition time/echo time =
6000/ 65 ms, field of view 450 mm, 2.3 x 2.3 x 6.0 mm voxel, spectral attenuated inversion
recovery fat-suppression, three diffusion directions [3-scan trace], and b-values 0, 350, and
700 second/mm?2). MR images were acquired with patients prone using a dedicated
multichannel head and neck coil and a set of flexible body matrix coils. Rapid intravenous
bolus injection of 0.1 mmol/L gadopentetate dimeglumine (Bayer Healthcare, Whippany,
NJ, USA) per kg body weight was administered at 2.0 mL/second during the liver station.
PET events were simultaneously accumulated for 6 minutes per station, for total
examination time of approximately 45 minutes. The acquired PET sino-grams were
reconstructed using the three-dimensional ordinary Poisson ordered-subset expectation-
maximization algorithm (four iterations, 21 subsets), with incorporation of the u-maps from
the attenuation correction scan.

Image Interpretation

A board-certified nuclear physician with 13 years of experience detected and characterized
metastases from PET/CT scans using the MIM 5.4 fusion viewer (MIM Software,
Cleveland, OH). A board-certified radiologist with 6 years of experience, including 18
months in PET/MRI, detected and characterized PET/MRI scans using XD3 software
(version 3.6; Mirada Medical, Oxford, UK). Both readers used qualitative and quantitative
PET findings for characterization of a suspicious lesion as a metastasis. Follow-up imaging,
available in 28 patients at mean interval of 12 months (range 1-21), and prior studies,
available in 33 patients at mean interval of 26 months (range 1-82), served as the reference
standard. For 10 patients with less than 12 months of follow-up and prior imaging, and for
patients with equivocal findings not clarified by follow-up and prior imaging, expert
consensus between our institution’s most experienced PET and MRI readers served as the
reference standard.

SUV Measurement

Following lesion detection, a single radiologist recorded SUVmax and SUVmean in a 1 cm?3
volume of interest (VOI) in breast cancer metastases and nine normal structures on PET/CT
and PET/MRI; a 3 cm3 VVOI was used in normal liver. When multiple metastases were
identified in the same organ in an individual patient, SUVs in the single most FDG-avid
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metastasis were recorded to minimize any impact of patient-specific factors. Normal
structures of interest were selected on the basis of their inclusion in recently published
studies (5+9:14:27:28) or their particular relevance in breast cancer and included the
following: axillary lymph nodes, bone (L4 vertebral body), breast (parenchyma), inguinal
lymph nodes, liver (segment V1), lung (right lung at level of carina), mediastinal blood pool
(right atrium), myocardium (left ventricular apex), psoas muscle (at level of L4 vertebral
body), and subcutaneous fat (paraumbilical).

Statistical Analysis

Standardized uptake value ratios were calculated using normal liver as background and using
normal tissue corresponding to the site of metastasis as background for the organ-specific
analysis. Pearson’s correlations (p) were used to characterize the relationship between
MRAC- and CTAC-derived SUVs in all metastases and normal structures. Mixed model
regression was used to assess the significance of the correlations to account for the lack of
independence among results within patients with multiple metastatic sites. Mixed model
ANOVA was performed to compare PET/ CT and PET/MRI in terms of SUVs and SUV
ratios. An analogous evaluation of organ-specific metastases was performed utilizing
Pearson’s correlations and paired sample #tests. ANOVA and post hoc paired #tests were
performed to compare metastatic sites and normal tissue in terms of the mean percent
decrease of SUVs in between PET/CT and PET/MRI; percent decrease of SUVs was
calculated as ([CTAC SUV — MRAC SUV]/ CTAC SUV) x 100. For these last comparisons,
the sample was pared to patients with metastases to avoid confounding with interpatient
differences.

Correlation p> 0.70 was considered strong, 0.30 < p< 0.70 moderate, and p< 0.30 weak,
similar to as described by Taylor (29). All statistical tests were conducted at the two-sided
5% significance level using SAS 9.3 software (SAS Institute, Cary, NC).

RESULTS

Breast Cancer Metastases

Of the 35 patients, 170 metastases were detected in 21 patients; 14 patients were free of
metastatic disease on PET/CT and PET/MRI. Of the 21 patients with metastatic disease,
index pathology was invasive ductal carcinoma in 15 patients, invasive lobular carcinoma in
two patients, and was not specified in four patients. Metastases to bone, liver, and
nonaxillary lymph node were frequent enough for statistical analysis. PET/MRI identified all
patients with bone (7= 16), liver (7= 7), and nonaxillary lymph node (77 = 8) metastases.
PET/CT initially detected 15 patients with bone, six patients with liver, and eight patients
with nonaxillary lymph node metastases. Upon unblinded review, the 16th patient with a
bone metastasis and the 7th patient with liver metastases were identified on PET/CT with
guidance from PET/ MRI.

SUVmax and SUVmean of metastases, with the most FDG-avid metastasis per organ per
patient evaluated, demonstrated strong correlations between MRAC and CTAC overall (p=
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0.80, 0.81). Correlations were also strong on an organ-specific basis in bone (p=0.76, 0.74),
liver (p=0.85, 0.83), and non-axillary lymph node metastases (p= 0.95, 0.91).

Standardized uptake values of metastases from MRAC were not significantly different
compared with CTAC overall. Similarly, no significant difference was seen on an organ-
specific basis in metastases to bone and nonaxillary lymph node metastases. SUVs from
MRAC were, however, significantly lower compared with CTAC in liver metastases. Table 1
summarizes the relationship between SUVs from PET/CT and PET/MRI in breast cancer
metastases.

Normal Structures

Correlations and potential differences between CTAC- and MRAC-derived SUVmax and
SUVmean in normal structures are listed in Table 2. In summary, correlations were strong
for all normal structures combined (p= 0.79, 0.77). By organ, moderate correlations between
SUVmax and/or SUVmean (p= 0.32-0.67) were seen in most normal structures, including
axillary lymph nodes, breast, bone, inguinal lymph nodes, liver, lung, and psoas muscle.
Correlations were strong in left ventricular myocardium (p=0.83, 0.84) and weak in blood
pool and subcutaneous fat (p= 0.15-0.23).

Standardized uptake values from MRAC were significantly lower compared with CTAC
overall and in most individual normal structures, including axillary lymph nodes, blood pool,
breast, bone, inguinal lymph nodes, liver, lung, and subcutaneous fat. SUVs from MRAC
were significantly higher compared with CTAC in left ventricular myocardium. No
significant difference was seen in psoas muscle.

PET Conspicuity Assessment

Using normal liver as background, metastasis/background SUV ratios were significantly
higher from PET/MRI compared with PET/CT for metastases overall (SUVmax 3.88 + 2.60
versus 2.02 + 1.29, p = 0.001; SUVmean 4.80 + 3.69 versus 2.17 + 1.51, p = 0.001), bone
metastases (SUVmax 3.34 + 2.59 versus 1.73 £ 1.22, p = 0.01; SUVmean 4.21 + 3.68 versus
1.74 £ 1.23, p = 0.008), liver metastases (SUV-max 2.98 + 1.67 versus 2.32 + 1.49, p =
0.001; SUVmean 3.85 + 2.47 versus 2.72 £ 1.90, p = 0.004), and nonaxillary lymph node
metastases (SUVmax 5.74 + 2.61 versus 2.32 £ 1.27, p = 0.002; SUVmean 6.81 + 4.24
versus 2.53 + 1.60, p = 0.006).

Using normal tissue corresponding to the site of metastasis as background, metastasis/
background SUVmax and SUVmean ratios were also significantly higher from PET/MRI
compared with PET/CT for metastases overall (p < 0.05), liver metastases (p < 0.004), and
nonaxillary lymph node metastases (p < 0.02). However, no significant difference was seen
in SUVmax and SUVmean ratios of bone metastases/normal bone between PET/MRI and
PET/CT (p = 0.43) (Fig. 1).

Figure 2 illustrates the mean percent decrease of SUVmax and SUVmean in all metastases
combined and on an organ-specific basis in the interval between PET/CT and PET/MRI;
corresponding differences in normal tissue are also shown. Mean percent decrease was
significantly lower in 31 total metastases in 21 patients compared with corresponding
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normal tissue in the same patients after 101 + 31 minutes (p < 0.005). On an organ-specific
basis, mean percent decrease was significantly lower in seven liver metastases in seven
different patients compared with normal liver in the same patients after 90 £ 31 minutes (p <
0.008) and in eight nonaxillary lymph node metastases in eight different patients compared
with normal lymph nodes in the same patients after 112 + 39 minutes (p < 0.001).
Meanwhile, mean percent decrease of SUVmax and SUVmean was not significantly
different between 16 bone metastases in 16 different patients and normal bone in the same
patients after 97 + 23 minutes (p = 0.85).

DISCUSSION

Our study shows that SUVs from PET/MRI correlate well with those from PET/CT and
supports the use of PET/MRI-derived SUVs in metastatic breast cancer for quantitation of
organ-specific 18F-FDG activity. The detection and monitoring of breast cancer metastases
is important because it has potential to change patient treatment. Currently, there is no
reliable blood test to detect the presence of metastases. PET/CT, bone scan, and liver CT are
the most common imaging tests used to detect metastatic disease. Thus far, PET/MRI has
shown comparable performance to PET/CT for lesion detection (5724:26) and quantitative
measures (579:11:12:14:16:19:22:23:27: 28) in oncologic populations. Without the CT
radiation of PET/CT, PET/MRI may have a role in patients undergoing serial examinations,
and also in cases requiring more detailed information about the breast or brain than CT can
provide. Here, we investigate quantitative measures of PET/MRI specifically in breast
cancer metastases to common sites including bone, liver, and nonaxillary lymph nodes.

SUVs from PET/MRI in Breast Cancer

Correlations—This study separates metastases by organs of particular relevance in
breast cancer, namely bone, liver, and nonaxillary lymph nodes, and shows strong
correlations between MRAC- and CTAC-derived SUVs in these disease- and organ-specific
metastases. The inclusion of a single metastasis per organ per patient in this study mitigates
patient-specific biologic variability. These findings add to the recent work by Pace et al. (9),
which showed strong correlations between SUVs from PET/MRI and PET/ CT in 35 lymph
node and 14 grouped distant breast cancer metastases (11 bone, 3 lung). Our findings also
agree with recent publications that showed strong correlations for metastases overall
(5'8'14), in head and neck cancer (6) and in pediatric populations (12).

Magnetic resonance attenuation correction- and CTAC-derived SUVs in normal structures
have been shown to correlate well, further supporting the use of SUVs from PET/MRI
clinically, noting that organ-specific reproducibility has been somewhat inconsistent
(5'8:9:17:27). Differences between correlations are likely multifactorial and related to small
sample sizes, variable intervals between radiotracer injection and PET imaging, and different
durations of PET event accumulation, as summarized in Table 3. The inherent difficulty of
reproducing SUVs should also be considered (30-31).

Absolute Differences—In this study, MRAC-derived SUVs in metastases were not
significantly different compared with CTAC-derived SUVs in bone and non-axillary lymph
nodes but were lower than CTAC-derived SUVs in liver. Meanwhile, SUVs in all normal
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structures except psoas muscle were lower on PET/MRI compared with PET/CT. These
findings suggest slower washout of radiotracer from metastases compared with normal
structures and are consistent with prior studies assessing SUVs at two time points (32737).
Two recent studies reported lower SUVs in distant mixed metastases on PET/MRI compared
with PET/CT (8:14), while two additional studies found higher SUVs in distant mixed and
breast cancer metastases, respectively (5:9). These disparities among metastases may be
partially attributable to examination timing and to variable types and sites of metastatic
disease.

Quantified PET Conspicuity

Similar to Al-Nabhani et al. and Wiesmuller et al., we found increased metastasis/liver SUV
ratios on PET/MRI compared with PET/CT overall (5:14) and also when we stratified
metastases by organ. While liver, blood pool, and muscle are often used as background when
calculating metastasis/background SUV ratios (38), organ-based SUV ratios may improve
lesion characterization, as detection of a metastasis often depends on comparing a suspicious
lesion to the normal surrounding parent organ (39).

To this end, we also assessed objective PET contrast on PET/MRI and PET/CT using normal
tissue corresponding to the site of metastasis as background. While bone metastasis/normal
liver SUV ratios were higher on PET/MRI, bone metastasis/normal bone SUV ratios were
not significantly different between PET/CT and PET/MRI. The latter result is concordant
with there being no difference between the mean percent decrease of SUVs of bone
metastases and that of normal bone in the interval between PET/CT and PET/MRI and the
similar qualitative conspicuity of bone metastases on PET/CT and PET/ MRI in this study
(Fig. 3). Meanwhile, the higher metastasis/corresponding normal tissue SUV ratios observed
in liver and nonaxillary lymph node metastases on PET/MRI are also concordant with the
lower percent decrease of SUVs in metastases to these organs compared with corresponding
normal tissue; as a larger percentage of radiopharmaceutical had cleared from normal tissue
compared with metastases in these organs, qualitative lesion conspicuity was increased (Figs
4 and 5).

Bone, liver, and lymph nodes represent three of the most common sites of breast cancer
metastases, with osseous metastases occurring first in up to 50% of patients (40). Accurate
detection of metastases to these organs is thus critical for appropriate staging and follow-up.
Improved visualization and characterization of liver and nonaxillary lymph metastases on
PET/MRI in this study may be related to delayed imaging as demonstrated in previous dual
time point imaging studies using the same scanner (32735:37:41:42). However, the finding
of similar quantified conspicuity of bone metastases on PET/CT and delayed PET/MRI
suggests that organ-specific factors may play a role in lesion detection. The impact of
scanner-specific variables also remains undetermined, and additional studies reversing the
order of PET/MRI and PET/CT may help determine the role of image timing and scanner-
specific factors to organ-specific changes in PET conspicuity. Such studies may ultimately
aid in tailoring examination timings for organ-specific lesion detection and follow-up.
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Limitations

The primary limitation of this study was the delay between PET/CT and PET/MRI.
However, our findings of good correlations between SUVSs in breast cancer metastases and
normal structures from PET/MRI and PET/CT are independent of this delay and validate the
use of PET/MRI in the setting of metastatic breast cancer. The time interval between
examinations was somewhat variable between patients, and physiologic clearance of
radiotracer during the interval between PET/CT and PET/MRI potentially confounds results
(31+43). Findings regarding the metabolic activity of metastases using PET/MRI in the
current study are also considered preliminary due to the small sample size. While assessing
one metastasis per organ per patient may have limited the impact of patient-specific factors,
it led to a relatively small number of metastases evaluated.

CONCLUSION

Our study supports the clinical use of quantitative SUVs measured on PET/MRI by
demonstrating strong organ-specific correlations between SUVSs in breast cancer metastases
to bone, liver, and nonaxillary lymph nodes derived from PET/MRI and from PET/ CT and
by showing that SUVs in normal structures correlate well in breast cancer patients. Changes
in quantified PET conspicuity of breast cancer metastases appear to be organ-specific, and
further investigation may allow examinations to be tailored to maximize lesion detection at
specific sites of breast cancer metastases. Additional studies may be helpful to determine if
quantitation of SUVs and MR imaging features of PET/MRI allow for further
characterization of suspected metastases, especially in the liver, bone, and nonaxillary lymph
nodes.
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Figure 1.
SUV ratios of metastases/corresponding normal tissue from PET/MRI and PET/CT.

*Statistically significant. In contrast to when normal liver was used as background, no
significant difference was seen in SUV ratios of bone metastases/normal bone.
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Figure 2.

Page 12

mMetastases
=Normal

Mean percent decrease of SUVs in metastases and corresponding normal tissue in interval
between PET/CT and PET/ MRI. *Statistically significant. No significant difference was
seen in the mean percent decrease of SUVs in bone metastases compared with normal bone.
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Figure 3.
(a) Right posterolateral fifth rib metastasis on axial 18F-FDG PET/CT (unenhanced). (b)

Similar conspicuity on axial 18F-FDG PET/MRI (radial volumetric interpolated breath-hold
examination) at later scan time.
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Figure 4.
(a) Liver metastasis on axial 18F-FDG PET/CT (contrast-enhanced). (b) Increased

conspicuity on axial 18F-FDG PET/ MRI (radial volumetric interpolated breath-hold
examination) at later scan time.
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Figure 5.
(a) Prevascular lymph node metastasis on axial 18F-FDG PET/CT (unenhanced). (b)

Increased conspicuity on axial 18F-FDG PET/MRI (radial volumetric interpolated breath-
hold examination) at later scan time.

Breast J. Author manuscript; available in PMC 2016 June 21.



Page 16

Pujara et al.

‘sanjeA axeidn paziprepuels [HIN/13d pue 10/13d UsaMIaq 30UaIayip 40 30UBdIUBIS JO [9A3] SBQLIOSAP 1581-)

f

"1 D/13d U0 Ud3as 10U Ajjeniul a1am juaied JUBJaLIP B Ul S3SLISEIaW JBAI| pUe Jualied aUo Ul SISeISeIaW auoq v
x

250 (T000>) 160 LSGF€8L 0SYFSZL UBWANS
Zr0 (1000>)G6'0  699F800T €67 F878 XeWANS 8  @pou ydwAl
€00 (T0'0) €80 ¥9CF0TV 68V F¥L'9 UBWANS
500 (T00)S80 ¥OEF96F BLGF6LL XeWANS L SEN !
Zr0 (TO0'0>) Y20 T9ZF6LE  98CF6SY UBBWANS
ST0 (T000>) 90 T9EF68F CEEF68G  XeWANS 9T auog
L0°0 (T00'0>) T80 88E€F26¥F  68EFILSG UBBWANS
ST'0 (T000>) 080 T67FG29 €EIVF669 XeWANS  TE 1\
d s (d)duonejpriod  HN/L3d 10/13d  aansesN  ON s

(s F ueaw) [YIN/L3d pue , 1D/13d WO1) SBSeISEIBIN 18Uk Jseald Ul sanfeA axeldn pazipJepuels usamiag saduslald [e1ualod pue suolie|alio)

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Breast J. Author manuscript; available in PMC 2016 June 21.



Page 17

Pujara et al.

‘Jueayjubis Jou ‘SN

‘sanjeA axeidn pazipiepuels [HIA/L3d pue 1D/13d UsaMIaq 80usIayip J0 30UBdIIUBIS JO [9A3] $8QLIOSAP 1S81-)

f

‘sjusiied aAl Ul AW01os]ISeW [eJ81R|Iq 01 AIBpUOJSS 8NssH] 1Seald J0) OF = U
*

100°0> (SN)€EZ0 OT0F8T0 ETOFGEQ UBBWANS
100°0> (SN)TZ0 ¥T0F920 LTOFOr0  XBWANS  Jej snosuemnogng
SN (S00)2€0 8ZOFTLO ETOFIL0 UBBWANS
SN (SN)620 ¥E0F060 LTOF060  XBWANS 310sNW seosd
€000 (T00'0>) ¥8'0 60CFVEE TETF69T UBBWANS
7000 (T000>) €80 €STFEOV 0TTFOCE  XBWANS wnipsesoA
100°0> (€00)9€0 600%820 9T0FGG0 UBBWANS
100°0> (SN)2z0 TTOF¥E0 8TOFY90  XeWANS Bun
100°0> (SN)€Z0  LVOFSCTT LyOFvLC UBWANS
100°0> (S00)€€0 TYOFEQT EYOFVSE  XBWANS SEN !
100°0> (#0'0)GE'0 TZOFSE0 STOFG90 UBBWANS
100°0> (SN)v20 ¢z0*870 6T0FTIS0  XBWANS apou [eunBuj
100°0> (#0'0) 90 2ZZOFOr0 O0E0FGL0 UBWANS
100°0> (#0'0) €0 ETOFTS0 9E0F960  XeWANS 1sealg
100°0> (T00'0>) 090 9S0F6ST E€90F8ET UBBWANS
100°0> (T00'0>) 90 0L0F00C GLOF6ET  XBWANS auog
100°0> (SN)ST0 TZ0F.90 SYO¥2TZ UBBWANS
100°0> (SN) 220 [Z0¥S80 €S0F6ET  XBWANS Jood pooig
100°0> (#0'0)GE0 9T0F8E0 STOFISG0 UBBWANS
700°0> (SN)¥20 TZOFTS0 <TCOFTLO0  XeWANS apou Asej|Ixy
100°0> (T000>) L0 E€TTF060 CUTFIET UBBWANS
100°0> (T000>) 6.0 LETFSGTT GSETF09T  XBWANS $aIMoNus |1
d 135813 (d)d uonejaia0o s,uosiead  |HN/L3d 19/13d 3ANSeaN 21n1oNa1S

(,G€ = 'as F ueaw) [YIN/L3d Pue 1D/13d Woly S8INJONAS [BWION Ul San[eA axeldn pazipiepuelS Usamiaq seousiayid [e13US10d pue SUole|a1iod

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Breast J. Author manuscript; available in PMC 2016 June 21.



Page 18

Pujara et al.

Teq
OUBIBYIPON  OVLO>DOVHIN (xew) OV.LO<OVHIN OVLO>OVHN OV10>OVdIN |oual_yla
(ueaw) aelapolN 91eIBPON 81eIBPOIN (xew) aresapo (ueaw) seapn uone|alio)
3]9SNW JeIPJeUON
OV1O<OVHIN  OVLO<OVHW OV.LO<OVHIN  (Xew) OV.LO<OVHIN 3aN |oual_yla
Buons Buons Buons Buons aN uone|alio)
win1pIedoAN
OVLO>OVHN  OVLO>OVHIN  (Uesw) OV.LO>OVHIN OVLO>OVHN OV10>OVdIN |oual_yla
(xew) ayesapoN 91eIBPON 81eIBPOIN (ueaw) Buons  (ueaw) ajelapolN uone|alI09
19N
OV10>OVHIN  OVLO>DVHIN sduslaylip ON OVLO>OVHN OV10>OVdIN |oual_ylda
(ueaw) aelapolN 91eIBPON (xew) Buons Meay  (ueaw) ayesapoN uone|alio)
Bun
OV10>OVdIN 3aN OV.LO<OVHIN  (Xew) OV.LO>DOVHIN OV10>OVdIN |oual_ylda
ajeIapo anN Buons ajeJepoN  (ueaw) ayeJapoiN uole[a.0d
auog
OV10>OVdIN 3aN OV10>OVdN OVLO>OVHN 3aN |oual_ylda
Sea anN 31eIapOIN N anN uole[a.0d
Jood poolg
/+, Sdiysuonejal ANS
¥ v e v v sasse|d uoleluawbas O HIN
ulw 9 uw ulw 6°z-g ulw g ulw ¢ (I4IN/L3d) uones Jad swin uopeNWNIde | Jd
UIWYEF /9T  UIWZZ 8T UIlW ST 7 2TT ulW Zf F 25T Ul ¥2 ¥ OrT (@s F ueaw) fenssiut [4IN/13d-uonoslu
suswaIS susWaIS sdijiud SuaWaIS suswials Jaunjoeynuew |YIN/13d
ulw g ulw G'T ulw z-g'T ulw g uwz - (LO/13d) uoness Jad swi uopeINWNIZE | Jd
ulw T ¥ 09 ulw ot * 09 ulw 2 ¥ 99 ulw 09 ulw g ¥ 98 (as ¥ ueaw) eAssjul 10/13d-uonos(u
S€ 9¢ oy S¢ 43 suaired Jo JaquinN
jsealg 1sealg SnoLIeA SNoLIBA SnoLIeA AKoueubifew Atewid
Apms usaund (6) 80ed (£2) yeysia (82) yosnaH (8) ebzozaq

Author Manuscript

S2IN1ONAS [RWION Ul SaN[eA axeidn pazipJepuels paALisd-OvHIA pue -Ov1 D Butedwo) ssipms

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Breast J. Author manuscript; available in PMC 2016 June 21.



Page 19

Pujara et al.

‘palenfeAs jou ‘IN

"Yeam 0g"0 >d pue ‘ayelapow 020 SJ S 0g’0 ‘Buos passpisuod sem 0/ 0 <d co:m_w:oo,N

"paYedIpUl SS3JUN UBSWANS PUB XBWANS
-

IVLO>OVAIN aN 80UBJIRHIP ON OVLO>OVHIN aN soussayla
Jesp\ N 9lelapo|N Acmev 9]elapoN N uonejaiiod
Apnis ua1und (6) 30ed (£2) yeysa (82) yosnaH (8) ebzazag

Author Manuscript

Author Manuscript Author Manuscript Author Manuscript

Breast J. Author manuscript; available in PMC 2016 June 21.



	Abstract
	MATERIALS AND METHODS
	PET/CT Examination
	PET/MRI Examination
	Image Interpretation
	SUV Measurement
	Statistical Analysis

	RESULTS
	Breast Cancer Metastases
	Normal Structures
	PET Conspicuity Assessment

	DISCUSSION
	SUVs from PET/MRI in Breast Cancer
	Correlations
	Absolute Differences

	Quantified PET Conspicuity
	Limitations

	CONCLUSION
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2
	Table 3

