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Abstract

Objective The aim of this study was to measure the

apparent diffusion coefficient (ADC) value at the region

with the highest FDG uptake using sequential 18F-FDG

PET and MRI, and to correlate it with the histological

grade of invasive ductal carcinoma (IDC) of the breast.

Methods A retrospective study was conducted on 75

untreated patients with IDC. First, a PET/CT scan and

subsequent breast MRI were done and the SUVmax of the

each breast tumor was recorded. Then, a PET image and

ADC map were co-registered. On the axial slice containing

the pixel with SUVmax, we drew multiple circular ROIs

within the tumor and measured the mean ADC value of

each ROI. The average (ADC-mean) and minimum (ADC-

min) of the mean ADC values for all ROIs within the tumor

were calculated, respectively. Then, a circular ROI was

placed at the corresponding location to the pixel with the

highest SUV and the mean ADC value of the ROI was

denoted as ADC-PET. We compared the averages of the

ADC parameters and assessed the correlations among

SUVmax and ADC parameters. ROC curve and logistic

regression analyses were performed to assess the utility of

ADC and SUVmax for detecting histological grade 3.

Results ADC-min was significantly lower than the ADC-

mean or ADC-PET. All of the ADC parameters showed a

negative correlation with SUVmax. The area under the ROC

curve for identifying histological grade 3 using ADC-PET,

ADC-min, ADC-mean and SUVmax was 0.684, 0.660,

0.633 and 0.639, respectively. By multivariate analysis,

ADC-PET was a significant, independent predictor of his-

tological grade 3 (p = 0.004).

Conclusions We estimated the ADC value at the breast

tumor region with the highest FDG uptake using sequential
18F-FDG PET and MRI. This new ADC parameter distin-

guished high-grade IDC, supporting the feasibility of the

combined PET-MRI system in patients with breast cancer.

Keywords ADC � PET-MRI � Breast cancer �
Histological grade

Introduction

Diffusion-weighted MR image (DWI) represents in vivo

images of biological tissues weighted with the local

microstructural characteristics of water diffusion. The

apparent diffusion coefficient (ADC) is used to quantify
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water diffusion and tends to decrease in highly cellular

tissue such as malignant tumors [1]. It has been reported

that the ADC value is useful for differentiating benign from

malignant breast masses [2] and correlates with prognostic

factors in breast cancer [1–3]. However, the methods for

measuring ADC, especially the locations for ADC mea-

surements differ among these studies and there is no

standard method to measure the ADC value. Hence it is

necessary to normalize the location for ADC measurements

across patients.

The degree of FDG uptake has been reported to posi-

tively correlate with the histological grade of breast

cancer [4–6] based on the increased glucose utilization of

malignant cells, and can be quantified and measured

readily on 18F-FDG PET/CT. The recently introduced

combined PET-MRI system allows simultaneous [7, 8] or

sequential acquisition [9] of PET and MRI images and

there have been several literatures on integrated PET-MRI

in the oncologic application [10, 11]. The aim of this

study was to evaluate the feasibility of ADC measure-

ments at the tumor region with the highest FDG uptake

compared to the previously characterized methods [1–3]

in patients with invasive ductal carcinoma (IDC) of the

breast.

Materials and methods

Patient eligibility

A total of 173 consecutive patients with newly diagnosed,

histopathologically proven IDC of the breast were regis-

tered between August 2008 and November 2011. All

patients underwent sequential 18F-FDG PET and MRI and

subsequent mastectomy or breast-conserving surgery

within a week. Subjects who had been treated with neo-

adjuvant chemotherapy (n = 91), patients with a non-

mass-like enhancement lesion on dynamic contrast-

enhanced magnetic resonance imaging (DCE-MRI, n = 6)

and one patient with a movement artifact on DWI were

excluded, and as a result, a total of 75 patients were

included in this retrospective study.

The enhancing solid tumor with the largest diameter on

DCE-MRI was selected for analysis in each patient.

Although the largest tumor for 3 of 75 patients was less

than 1.0 cm (0.7–0.8 cm), all of these tumors were rec-

ognized on the ADC maps. As a result, a total of 75

tumors for 75 IDC patients were analyzed in the present

study. This study was approved by our institutional

review board. All patients provided written informed

consent, and this study was performed according to the

ethical guidelines of our institutional clinical research

committee.

Imaging protocol of sequential 18F-FDG PET and MRI

The whole-body PET/CT scanner (Biograph6; Siemens

Medical Solutions, Malvern, PA, USA) was placed parallel

to the 3.0-T whole-body MRI scanner (MAGNETOM Trio

A Tim; Siemens Medical Solutions, Erlangen, Germany).

These two scanners were located 10 m apart separated by

an anti-magnetic wall.

The PET/CT imaging from skull base to the upper thigh

(6–7 bed positions) was performed 60 min after 18F-FDG

injection, and this was followed by the breast MRI imag-

ing. Both PET/CT and MRI images were acquired in a

prone position and all patients moved from the PET/CT

scanner to the MRI scanner (on independent patient tables)

by walking. A dedicated positioning device which allows

the same patient geometry as the breast MRI coil was used

for PET/CT scan. Then, the breast PET and breast ADC

maps were co-registered automatically using syngo Fused

Vision 3D software (Siemens Medical Solutions, Erlangen,

Germany) [12] and the agreements of contours of either

breast mass or normal breast were visually assessed

(acceptable vs. non-acceptable) independently by two

observers. In 6 of 75 cases assessed as non-acceptable by

any of two reviewers, PET and ADC maps were adjusted

manually by consensus.

18F-FDG PET/CT acquisition

All patients fasted for at least 6 h before intravenous

administration of 7.4 MBq/kg of body weight of 18F-FDG,

which was produced in house using a 50-MeV cyslotron

(MC-50; Scanditronix, Sweden) and a fully automated

FDG synthesis module (TRACERlab MX; GE Healthcare,

Germany). The specific activity and radiochemical purity

of 18F-FDG was [37 GBq/lmol and [98 %, respectively.

Blood glucose levels did not exceed 7.2 mmol/L in any

patient. Immediately, after the CT acquisition without

intravenous iodinated contrast, PET data were acquired in

the same anatomic locations, with a 16.2 cm axial field of

view in 3D mode at 210 s/bed position (six to seven bed

positions for each patient). CT scans were obtained using a

6-slice helical CT scanner and the imaging parameters used

for CT scans were as follows: 130 kVp, 30 mA, 0.6 s/CT

rotation, and a pitch of 6. The CT data were used for

attenuation correction, and the images were reconstructed

using a conventional iterative algorithm (ordered-subsets

expectation–maximization, 2 iterations and 8 subsets).

MRI acquisition

MRI images were acquired using a 3.0-T whole-body MRI

scanner with a dedicated phased-array breast coil. Before

the administration of contrast agent, a T2-turbo spin-echo
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sequence with fat suppression was performed. Diffusion-

weighted images were acquired using a spin-echo type

single-shot echo-planner imaging sequence. The parame-

ters used were as follows: TR/TE 6100/78 ms; field of view

380 mm; matrix size 100 9 128; slice thickness 4 mm;

receiver bandwidth 3004 Hz/pixel; and acquisition time

4 min 22 s. Imaging was performed with b values of 0 and

800 s/mm2. Diffusion images were integrated in the three

orthogonal directions to calculate the ADC maps. DCE-

MRI images were also obtained using a three-dimensional

(3D) fat suppressed volumetric interpolated breath hold

examination (VIBE) sequence with parallel acquisition for

one pre-contrast and five post-contrast dynamic series at

78, 144, 210, 300 and 366 s after contrast enhancement

using TR/TE 3.95/1.49 ms; flip angle 10o; field of view

340 mm; matrix size 318 9 448; slice thickness 1 mm; 1

average; and the acquisition time of 7 min 19 s. The con-

trast agent, Gd-DTPA-BMA, (generic name : gadodiamide,

Omniscan, GE Healthcare), was injected intravenously as a

bolus (0.1 mmol/kg) at a rate of 1.5 mL/s using a power

injector and this was followed by a 20 mL saline flush.

Image analysis

Automatically or manually co-registered PET and ADC

maps were reviewed on the e-soft workstations (Simens

Medical Systems, Iselin, NJ, USA). We drew an ellipsoid

volume of interest including the breast tumor and adjacent

breast tissue and measured the maximum standardized

uptake value (SUVmax) on the PET/CT scan.

The average and minimum ADC value within the breast

tumor were acquired on the breast MRI [10]. We selected an

axial slice with the largest tumor diameter from the ADC

map, and placed as many multiple circular ROIs of 25 mm2

(with the diameter of about 5.6 mm) as possible within the

tumor by referring to the enhancing solid portion of DCE-

MRI. We did not test the registration error of DWI and PET

images in the current study. To the best of our knowledge,

there has been no report on the registration error of DWI

and PET breast images using syngo Fused Vision 3D soft-

ware. However, several researchers have reported that the

automated registration of breast MRI and PET images

resulted in the alignments of the breast within 4–6 mm

accuracy [13–15], which is similar to the resolution of the

our PET system (*6 mm). Based on these reports, we

speculated that the optimal diameter of ROI for ADC

measurements in the current study would be 6 mm because

a smaller ROI might be significantly influenced by the

registration error and a larger ROI might contain more

artifacts. Hence we adopted circular ROIs of 25 mm2 with

the diameter of about 5.6 mm, which is the closest diameter

to the 6 mm in our system. The ROIs were carefully placed

inside the tumor avoiding the cystic portion or visual

artifact, and the mean ADC values within each ROI were

recorded. We calculated the average of the mean ADC

values for all ROIs within the tumor (ADC-mean). Then,

the ROI with the lowest mean ADC value within the tumor

was selected and that ADC value was denoted as ADC-min

(Fig. 1 a–c). PET and ADC maps were co-registered and the

axial slice containing the pixel with the highest SUV was

selected by adjusting the window of PET. A circular ROI of

25 mm2 was placed at the nearest corresponding location to

the pixel with the highest SUV avoiding the cystic portion

or visual artifact. Then, the mean ADC value of the ROI

was denoted as ADC-PET (Fig. 1 d–f).

Co-registered PET and ADC maps were independently

reviewed by two of the authors. The ADC parameter

measurements of each lesion were averaged for the two

observers. When these 2 reviewers found an ADC dis-

crepancy of more than 10 %, images were reviewed

simultaneously and decisions were made by consensus.

Histological analysis

Tumor size was taken to be the largest diameter as deter-

mined on the gross specimen. Histological grades of IDC

were assessed on the postsurgical specimen using a

numerical scoring system (1, 2 and 3) for tubule formation,

pleomorphism and mitotic count [16]. The total score

ranges from 3 to 9: grade 1 represents a total score of 3–5,

grade 2 represents a total score of 6 or 7 and grade 3

represents a total score of 8 or 9.

Statistical analysis

We presented statistics as the frequencies and percentages

for categorical variables or as the mean ± standard devia-

tion (SD) for normally distributed continuous variables or as

the median [interquartile range (IQR)] for non-normally

distributed continuous variables. All continuous variables

were tested for normal distribution using the Shapiro–Wilk

test. We compared the mean values of three ADC parameters

(ADC-mean, ADC-min and ADC–PET) for all patients

using the unpaired t test. The correlations among PET and

MRI parameters (SUVmax, ADC-mean, ADC-min and ADC-

PET) were assessed by using the Pearson’s correlation test.

The Mann–Whitney U test was used to compare the median

values of the PET and MRI parameters associated with his-

tological grades (grade 1 and 2 vs. grade 3). On the basis of

the receiver operating characteristic (ROC) curve analysis,

the optimal criteria of PET and MRI parameters that offered

the highest sum of sensitivity and specificity for predicting

histological grade 3 were, respectively, determined. The

statistical significance of the difference among the areas

under four ROC curves (95 % confidence intervals) was

calculated by the method of Hanley and McNeil [17]. Then,
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we determined the most effective predictor among three

ADC parameters by analysis of the area under the ROC

curve. To compare the predictive value of this ADC

parameter with those of SUVmax, age and tumor size, uni-

variate and multivariate logistic regression was performed as

follows: ADC and SUVmax as dichotomous independent

variables (above vs. below the optimal cutoff value deter-

mined by ROC analysis), age as a continuous independent

variable, tumor size as a dichotomous independent variable

(above vs. below median value) and histological grade as a

dichotomous dependent variable (histological grade 1 or 2

vs. grade 3). Inter-observer agreements of ADC measure-

ments were evaluated using both intraclass correlation

coefficient (ICC) and Bland–Altman plots [18]. The statis-

tical tests were performed using SPSS (version 13.0; SPSS

Inc.) and MedCalc (MedCalc Software). All p-values were

two-sided and statistical significance was accepted for p-

values of\0.05.

Results

Patients characteristic

A total of 75 eligible female patients (mean age,

49.3 ± 8.8 years, range 24–37 years) comprising 6 patients

(8 %) with histological grade 1, 24 patients (32 %) with

histological grade 2, and 45 patients (60 %) with histological

grade 3 were enrolled in this study. The mean values of tumor

size and SUVmax were 2.4 ± 1.4 and 6.0 ± 3.7 cm,

respectively. The mean values of ADC-mean, ADC-min, and

ADC-PET were 1.179 ± 0.308 9 10-3 mm2/s, 1.040 ±

0.226 9 10-3 mm2/s, and 1.141 ± 0.324 9 10-3 mm2/s,

respectively. The ADC-min was significantly lower than the

ADC-mean or ADC-PET (p \ 0.001, p = 0.027, respec-

tively). However, there was no significant difference

between the ADC-mean and ADC-PET (p = 0.198).

Correlations among PET and MRI parameters

Figure 2 shows the relationships between SUVmax and

ADC parameters. The ADC-mean and ADC-min showed a

significant negative correlation with SUVmax (r =

-0.229, p = 0.048 and r = -0.267, p = 0.021, respec-

tively) and ADC-PET showed a marginally significant

negative correlation with SUVmax (r = -0.222,

p = 0.056).

Figure 3 shows the relationships among three ADC

parameters. ADC-mean and ADC-min (r = 0.898, p \
0.001), ADC-mean and ADC-PET (r = 0.910, p \ 0.001)

and ADC-min and ADC-PET (r = 0.878, p \ 0.001) had

strong positive correlations with each other.

Fig. 1 Apparent diffusion coefficient (ADC) values within the mass

lesion were measured by referring to DCE-MRI (a–c) and the co-

registered image of PET and the ADC map (d–f). An axial slice with

the largest tumor was selected from the ADC map (a), and multiple

circular ROIs of 25 mm2 were placed within the tumor on the ADC

map (b) by referring to the enhancing solid portion of DCE-MRI (c).

FDG PET and ADC maps were co-registered (d) and the axial slice

containing the pixel with the highest SUV was selected by adjusting

the window of FDG PET (e). Then, the mean ADC value of a circular

ROI of 25 mm2 on the corresponding location was denoted as ADC-

PET (f)
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PET and MRI parameters according to histological

grade

There were statistically significant differences between his-

tological grade 3 and others for PET and MRI parameters

(SUVmax, ADC-min and ADC-PET, p \ 0.050 for all com-

parisons) except for ADC-mean (p = 0.056; Table 1). The

SUVmax of histological grade 3 tumors was significantly

higher than that of grade 1 or 2 tumors. On the other hand,

ADC-min and ADC-PET of histological grade 3 tumors were

significantly lower than those of grade 1 or 2 tumors.

Predictive values of PET and MRI parameters

On the ROC curve analysis for discriminating histological

grade 3 from grade 1 or 2, ADC-PET showed the highest

area under the curve 0.684 (95 % CI 0.567–0.787). The

areas under the curve of ADC-min, ADC-mean and

SUVmax were 0.660 (95 % CI 0.542–0.766), 0.633 (95 %

CI 0.513–0.741) and 0.639 (95 % CI 0.520–0.747),

respectively (Fig. 4). There were no statistically significant

differences among the areas under the curve of these four

parameters (p [ 0.10 for all comparisons). The optimal

cutoff values for ADC-PET, ADC-min, ADC-mean and

SUVmax were 1.095, 1.037, 1.077 and 4.5 with the sensi-

tivity/specificity for detecting high-grade IDC of 68.9 %/

76.7 %, 73.3 %/63.3 %, 53.3 %/73.3 % and 71.1 %/

56.7 %, respectively. From these results, ADC-PET was

used as the most effective predictor among three ADC

parameters in the prediction of histological grade 3.

In the univariate analysis, tumor size, SUVmax and

ADC-PET were significant predictors for histological grade

3. However, in the multivariate analysis, only tumor size

and ADC-PET were determined to be significant (Table 2).

Interobserver agreements of ADC Values

The ICCs for ADC-PET, ADC-min, and ADC-mean were

0.980 (95 % CI 0.970–0.987), 0.975 (95 % CI

0.961–0.984), and 0.913 (95 % CI 0.867–0.944),

Fig. 2 Relationships between ADC-mean and SUVmax (r = -0.229, p = 0.048) (a), ADC-min and SUVmax (r = -0.267, p = 0.021) (b), and

ADC-PET and SUVmax (r = -0.222, p = 0.056) (c)

Fig. 3 Relationship between ADC-mean and ADC-min (r = 0.898, p \ 0.001) (a), ADC-mean and ADC-PET (r = 0.910, p \ 0.001) (b), and

ADC-PET and ADC-min (r = 0.878, p \ 0.001) (c)
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Table 1 PET and MRI parameters stratified by histological grade

Parameter Histological grade p value*

Grade 1 or 2 (n = 30) Grade 3 (n = 45)

Median IQR Median IQR

SUVmax 4.0 2.4–6.7 5.9 3.8–9.1 0.042

ADC-mean, 10-3 mm2/s 1.196 1.047–1.473 1.054 1.018–1.167 0.056

ADC-min, 10-3 mm2/s 1.059 0.946–1.211 0.969 0.918–1.019 0.019

ADC-PET, 10-3 mm2/s 1.165 1.041–1.319 1.024 0.940–1.078 0.007

IQR interquartile range

* p values show the statistical significance of the differences between the PET and MR parameters and histological grade, assessed by the Mann–

Whitney U test

Fig. 4 Receiver operating

characteristic curves to assess

the utility of apparent diffusion

coefficient (ADC) values and

SUVmax for discriminating

histological grade 3 from grade

1 or 2. ADC-PET (a) shows a

higher area under the curve

compared to ADC-min (b),

ADC-mean (c) or SUVmax (d)

Table 2 Results of logistic regression analysis

Covariate Univariate Multivariate

Odd ratio (95 % CI) p value Odd ratio (95 % CI) p value

Age (continuous variable) 1.002 (0.950–1.058) 0.930 Not included

Tumor size ([2.2 cm vs. others) 6.089 (2.182–16.992) 0.001 5.333 (1.783–15.954) 0.003

SUVmax ([4.5 vs. others) 3.219 (1.223–8.474) 0.018 0.236

ADC-PET (\1.095 vs. others) 5.955 (2.098–16.904) 0.001 5.195 (1.701–15.864) 0.004

Dependent variable was histological grade with grouping 1 and 2 vs. 3

Ann Nucl Med (2013) 27:720–728 725
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respectively. Corresponding Bland–Altman plots are

depicted in Fig. 5.

Discussion

It has been demonstrated that the tumors with high glucose

metabolism or high histological grade proliferate actively

[19], and increased FDG uptake of primary breast cancer is

associated with higher histological grade [20, 21]. How-

ever, acute and chronic inflammation, benign breast mas-

ses, and postsurgical changes, may also show increased

FDG uptake [22]. Besides, smaller tumors (less than 1 cm)

and low-grade tumors have been reported to be associated

with less FDG uptake (SUV less than 2.5), which results in

a false negative FDG PET in patients with breast cancer

[23].

It has been assumed that the decreased ADC value of

malignant tumors is due to their increased cellularity, lar-

ger nuclei with more abundant macromolecular proteins,

and reduced extracellular space [24, 25]. However, mastitis

or inflammatory breast carcinoma may show a decreased

ADC value [26]. Moreover, there is no standard of method

for measuring the ADC value. Researchers have placed a

ROI on the ADC maps as large as possible within the mass

[27], around the central region of the mass [28], or selected

the lowest ADC from the three ROIs placed at the most

enhanced area of the mass [29], and yet, controversy still

exists in the literature regarding the relationship between

the ADC value and histological grade in patients with

breast cancer [4, 6].

Recently, Hirano et al. [2] drew as many multiple ROIs

of 25 mm2 as possible within the 75 benign or malignant

breast masses, then calculated the average, minimum, and

maximum ADC values as well as the difference between

the minimum and maximum ADC value in each tumor,

respectively. They reported that the minimum ADC value

was an optimal DWI single parameter for differentiation

between malignant and benign lesions of breast masses

with both sensitivity and specificity of 85.5 %. By ana-

lyzing the histological specimen, they suggested that

regions of minimum ADC reflected the highest cellular

zone and the regions of maximum ADC reflected the

lowest cellular zone. We also employed multiple ROIs of

25 mm2 within the breast masses to calculate the ADC

values, because a pixel-based measurement of minimum

ADC value would be more susceptible to noise and mis-

registration. Nonetheless, the minimum ADC value among

multiple ROIs within breast masses is still presumed to be

the sum of the true ADC value and these artifacts may

result in the over- or underestimation of the true ADC

value. Moreover, this multiple ROI method is laborious

and time-consuming and thus its applicability can be lim-

ited in clinical practice. It was much more convenient to

measure ADC-PET than ADC-min or ADC-mean in the

current study. The ICCs of ADC values were very high

([0.9) and the inter-observer 95 % limits of agreement

were approximately ±10 % for ADC-min and ADC-PET,

and ±20 % for ADC-mean, respectively. Based on these

results, we speculate that the interobserver variability in the

current study would not be as large as to affect our con-

clusion. Nonetheless, we can expect more reliable mea-

surement of ADC-PET by using the simultaneous PET-

MRI system.

It has been demonstrated that the degree of FDG uptake

in breast cancer had a significant correlation with the

proliferation index [30, 31]. We assumed that the pixel

with the highest SUV represented the most actively pro-

liferating region of breast cancer and hence, ADC-PET

reflected the cellularity, size of nuclei, and the amount of

extracellular space of that region, which might carry dif-

ferent information than conventional ADC parameters. It is

supposed that the region with the highest SUV represents

the most actively proliferating cancer cells rather than

inflammatory cells. Therefore, we also expected to lower

the chance of the ADC value representing inflammation or

Fig. 5 Bland–Altman plots representing interobserver bias and agreement regarding ADC-PET (a), ADC-min (b), and ADC-mean (c) by 2

observers. The mean difference (solid line) and 95 % limits of agreement intervals (dashed lines) are also shown
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artifact other than cancer cells by measuring ADC-PET.

Besides different biological information, noise, misregis-

tration, and concomitant inflammation might affect the

significant difference between ADC-min and ADC-PET in

the present study (1.040 vs. 1.141, mean, respectively).

A significant negative relationship (p = 0.001) between

SUVmax and ADC of 44 breast cancers (9 ductal carcinoma

in situ and 35 IDC) was reported by Nakajo et al. [8]. In the

present larger-scale study (n = 76 vs. 44) with IDC, a

significant or marginally significant correlation between

SUVmax and ADC parameters were observed

(p = 0.021–0.056). Although SUVmax and ADC parame-

ters of breast cancers show a significant association with

histological grade in both studies, the biological informa-

tion of these parameters are different from each other (e.g.

glucose metabolism and cellularity). Moreover, 45 of 75

patients (60 %) were categorized as histological grade 3 in

our study compared with 10 of 44 (22 %) in their study.

Further studies are warranted to define the relationship

between the SUV and ADC parameters of breast cancers.

The ROC curve and logistic regression analysis in the

present study show that ADC-PET is useful to discriminate

high-grade IDC patients. These data indicate that the ADC

value measured at the tumor region with the highest FDG

uptake may provide useful biological information (e.g., cel-

lularity of the most actively proliferating portion of malignant

tumor), and support the feasibility for the simultaneous

acquisition of PET and MRI in patients with breast cancer.

Future works on the use of this new PET and MRI parameter

together with SUVmax, a widely used metabolic parameter,

for evaluating treatment response, tumor recurrence, and

predicting prognosis in cancer patients will be required.

The present study has several limitations. First, the PET/

CT and breast MRI images were not acquired simulta-

neously but sequentially. However, the breast MRI imaging

was performed immediately after the PET/CT scan with the

same position and dedicated positioning breast device, and

the majority of these two images were automatically co-

registered precisely so that the contours of breast masses or

normal breasts were assessed to be identical. Nonetheless,

manual adjustments were needed in several patients

because of the inaccurate co-registration of PET/CT and

MRI, probably due to the patient motion artifact [9]. The

simultaneous PET-MRI system will allow less motion

artifact and more reliable PET and MRI parameters. Sec-

ond, we did not perform histological analysis of the cor-

responding region with the highest FDG uptake or lowest

ADC parameters on the postsurgical specimen [5]. Studies

with the histological analysis of these regions are needed to

further confirm the usefulness of ADC-PET, the new PET

and MRI parameter. Third, we did not analyze the risk of

radiation exposure. Finally, we did not analyze the cost-

effectiveness of these studies.

Conclusion

By using sequential 18F-FDG PET and MRI, we can readily

estimate the ADC value at the region with the highest FDG

uptake of breast cancer and this new ADC parameter may

be useful to discriminate high-grade breast cancer. These

data support the feasibility of the combined PET-MRI

system in patients with breast cancer.
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