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Purpose

To evaluate heterogeneity of primary tumor FDG uptake in breast cancer patients 

using a dedicated breast PET.

Methods

Within the scope of two prospective trials studying preoperative chemo- or 

radiotherapy, a PET/CT of the thorax (2 mm slices) was performed 60 min after 

administration of 180-240 MBq 18F-FDG. Subsequently, 110 min after injection, a 

scan was performed with a dedicated high-resolution breast PET (MAMMI). Both 

procedures were performed in prone position. MAMMI images were compared with 

PET/CT images regarding intensity and heterogeneity of FDG uptake. Four-point 

scores were used to evaluate intensity (0: none; 1: light; 2: moderate; 3: high) and 

heterogeneity (0: diffuse; 1: mild; 2: moderate; 3: high) of FDG uptake. Further, 

SUVmax was calculated on both scans.

Results

Thirty-five patients, in whom the primary tumor was visualized on both scans, were 

included in this analysis. The mean primary tumor size was 35.1 mm (range 10-108 

mm). The mean intensity score was similar on both devices (2.4 for PET/CT and 2.3 

for MAMMI; p=0.439), but mean heterogeneity score on MAMMI images was 

significantly higher (PET/CT 1.9 vs MAMMI 2.3; p=0.005). MAMMI showed a higher 

heterogeneity score in 11 (31%) of 35 patients, especially in tumors with moderate or 

high intensity (score 2-3). Significantly higher heterogeneity scores on both PET/CT 

and MAMMI were seen in large tumors (p=0.005 and p=0.014, respectively) and 

tumors with high intensity scores (p=0.012 and p<0.001, respectively)

Conclusion

Heterogeneous tumor FDG uptake in breast cancer patients is frequently observed, 

particularly in large tumors with intense FDG uptake. It is more often seen on MAMMI 

PET than on conventional PET/CT. Although the observed heterogeneity should be 

proven histopathologically, this finding offers a rationale for FDG-guided biopsies. 

Eventually, this might improve histopathological tumor sampling in breast cancer 

patients.
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INTRODUCTION

Positron emission tomography (PET) using 18F-fluorodeoxyglucose (FDG) is based on 

the principle of elevated glucose metabolism in malignant tumors and its use in breast 

cancer patients is frequently being investigated. Due to the limited resolution of most 

whole-body scanners, suboptimal patient positioning, and the partial volume effect, 

sensitivity for the visualization of small primary tumors was found to be low.1 Despite 

these limitations there is an increased demand for accurate tumor visualization with FDG 

PET and quantification of metabolic activity, for example in patients with dense breast 

glandular tissue, in which mammography, ultrasound, and MRI have been shown to be 

less accurate.2,3 In recent years, several dedicated breast PET devices have been developed 

to improve primary tumor detection and quantification with FDG PET.4 One of them is 

the MAMmography with Molecular Imaging (MAMMI) PET, a high-resolution breast PET 

for hanging breast molecular imaging.5 

Recent studies have demonstrated the principle of intratumour heterogeneity, which 

may lead to significant sampling bias.6,7 An important aspect of improved tumor 

visualization using molecular imaging could be the evaluation of heterogeneity in tumor 

FDG uptake. The assessment of intratumour heterogeneous FDG uptake may improve 

the quality of breast cancer core biopsies by performing tumor sampling from the area 

with highest FDG uptake (i.e., highly proliferative area); this might be particularly 

interesting in patients treated with neoadjuvant chemotherapy, in which pre-treatment 

biopsies are used for determination of the chemotherapeutic regimen.8 

Against this background the aim of the present study was to assess the degree of 

heterogeneity as depicted with a high-resolution dedicated breast PET (MAMMI) in breast 

cancer patients as compared with conventional PET/CT.

PATIENTS AND METHODS

Patients analyzed in this study underwent a PET/CT within the scope of two prospective 

clinical trials. The first trial is a monitoring study evaluating the use of neoadjuvant 

chemotherapy in patients with large (>3 cm) and/or node-positive tumors. The second 

trial prospectively assesses the value of preoperative accelerated partial breast irradiation 

in small (<3 cm) node-negative tumors (PAPBI trial, registered with clinicaltrials.gov under 

number NCT01024582). In both trials primary tumor size is assessed with MRI. A core 

biopsy is used to determine the histologic type and to perform immunohistochemical 

stainings. Axillary ultrasound with subsequent fine needle aspiration of suspect nodes 

(cortex thickness ≥2.3 mm) is performed for staging of the axilla. If FNA shows absence 

of tumor cells, a sentinel lymph node biopsy before treatment is performed. 

In both trials a baseline PET/CT (before chemo- or radiotherapy) is performed for 

response monitoring purposes. In total, thirty-five patients with invasive breast cancer 

and visualized tumors on baseline PET/CT and MAMMI between April and October 2011 

were evaluated in this comparative study. The institutional review board approved these 

trials and informed consent was obtained from all patients. 
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18F-FDG PET/CT

A PET/CT was performed using a whole body PET/CT scanner (Gemini TF, Philips, 

Cleveland, Ohio, USA). Patients were prepared with a 6-hour fasting period and 10 mg 

of diazepam orally to reduce FDG uptake in brown fat. Blood glucose levels were required 

to be <10 mmol/l. A total dose of 180-240 MBq was given intravenously, depending on 

the body mass index. After a resting period of 60 ± 10 minutes, a PET/CT of the thorax 

(3.00 min per bed position) was performed with the patient in prone position and with 

hanging breasts. PET acquisition was preceded by a low-dose CT (40 mAs, 2 mm slices) 

without contrast for attenuation correction and anatomical localization. Subsequently, 

as a staging procedure, a standard whole body PET/CT scan (1.30 min per bed position) 

in supine position was performed from the base of the skull to the upper half of both 

femora.

MAMMI PET

Following PET/CT (110 ± 10 min after injection), without the requirement of an additional 

injection, an additional study of the breast was performed using a dedicated breast PET 

(MAMMI, Oncovision, Valencia, Spain).9 The MAMMI was also performed with the patient 

in prone position and with hanging breast. MAMMI uses scintillation crystals coupled to 

position sensitive photomultipliers (PSPMT). The detector ring consists of 12 detector 

modules. One ring position scans approximately 30 mm of the breast, but the axial field 

Figure 1 The method used for the visual analysis of PET/CT and MAMMI images was generating maximum 
intensity projection  (MIP) images with covering of the whole volume of the tumor.
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of view can extend to 170 mm by precise motion of the detector arm. The number of 

ring positions depends on breast size. In patients with large breasts, 4 ring positions were 

used (240 seconds per position), whereas in patients with smaller sized breasts only two 

or three ring positions (acquisition time 300 seconds each) were used. MAMMI PET 

images were reconstructed in 3D using a Maximum Likelihood Expectation Maximization 

algorithm including an attenuation correction through image segmentation and using 

12 iterations. The spatial resolution (FWHM) ranges from 1.6 mm in the center of the FOV 

to 2.7 mm at the edges of the FOV.

Image reading

Three experienced readers evaluated PET/CT and MAMMI images jointly using orthogonal 

multiplanar projection in axial, coronal, and sagittal views. They were blinded for other 

diagnostic procedures. Consensus had to be reached before any conclusions were 

drawn. A 4-point score was used to evaluate tumor uptake in both series (0: non 

visualization; 1: light intensity; 2: moderate intensity; 3: high intensity). Heterogeneity 

was assessed by identifying areas with different intensity in the tumor using a 4-point 

score (0= diffuse; 1= mild; 2= moderate; 3= high). This evaluation was performed by 

generating maximum intensity projection images with covering of the whole volume of 

the tumor (Figures 1 and 2). 

Figure 2 Patient with a T2 tumor showing extended intratumor heterogeneity of FDG uptake. Areas with more 
intense FDG uptake are observed within the tumor, possibly representing different cell clones (arrows).
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Data analysis

Due to pretreatment with chemo- or radiotherapy, in all patients tumor size (T-stage) 

and histopathological findings were determined with MRI and core biopsies, respectively. 

Differences in intensity and heterogeneity scores between PET/CT and MAMMI PET were 

assessed using the two-tailed Wilcoxon signed rank test. Differences in heterogeneity 

scores on PET/CT and MAMMI PET for different clinical and pathological factors were 

calculated using the Linear-by-Linear Association test.

RESULTS

Thirty-five patients (mean age 53.8 yrs, range 29-74) were analyzed (Table 1). The mean 

size of the primary tumor on MRI was 29 mm (range 10-108 mm). The majority of tumors 

were ER-positive/HER2-negative (24/35, 69%), 7 (20%) were triple negative, and 4 (11%) 

were HER2-positive. 

PET/CT showed light uptake in 4 (11%), moderate uptake in 13 (37%), and high uptake in 

18 (51%) tumors; MAMMI depicted light uptake in 5 (14%), moderate uptake in 14 (40%), 

and high uptake in 16 (46%) tumors. Mean primary tumor FDG uptake score was similar 

for both devices (2.4 for PET/CT and 2.3 for MAMMI; p= 0.439). PET/CT depicted diffuse 

FDG uptake in 1 (3%), mild heterogeneity in 11 (31%), moderate heterogeneity in 13 (37%), 

and high heterogeneity in 10 (29%) patients; MAMMI showed diffuse uptake in 1 (3%), 

mild heterogeneity in 4 (11%), moderate heterogeneity in 14 (40%), and high heterogeneity 

in 16 (46%) patients. Mean heterogeneity scores varied from 1.89 for PET/CT to 2.29 for 

MAMMI (p=0.003). Intensity and heterogeneity scores are presented in Table 2.

MAMMI showed higher heterogeneity in 11 (31%) of 35 patents, especially in tumors with 

a moderate or high intensity score (2-3) (Figures 3 and 4). Heterogeneity score was higher 

on PET/CT than on MAMMI in 1 patient. The majority of 16 patients with heterogeneous 

FDG uptake on MAMMI (score 3) had a tumor ≥3 cm in size (11/16, 69%) and had a high 

intensity score (11/16, 69%). 

Significantly higher heterogeneity scores on PET/CT were seen in patients with a higher 

T-stage (p=0.005), higher N-stage (p=0.018), and high intensity of FDG uptake on PET/

CT (p=0.018) and MAMMI (p=0.012). No associations between heterogeneity on PET/

CT and histology, subtype, and grade were found. Heterogeneity scores on MAMMI were 

significantly higher in patients with a higher T-stage (p=0.014) and high intensity scores 

on PET/CT (p=0.001) and MAMMI (p<0.001). No associations were seen between 

heterogeneity on MAMMI and N-stage, histology, subtype, and grade.
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Table 1  Baseline characteristics of 35 included patients.

Age (years)

  Mean ± SD 53.8 ± 12.3

  Range 29-74

Tumor size (mm)

  Mean ± SD 35.1 ± 20.3

  Range 10-108

T-stage (MRI)

  T1 9 (26%)

  T2 19 (54%)

  T3 4 (11%)

  T4 3 (9%)

Location

  UOQ 13 (37%)

  UIQ 5 (14%)

  LOQ 12 (34%)

  LIQ 2 (6%)

  Areolar 3 (9%)

N-stage

  N0 15 (43%)

  N1 12 (34%)

  N2 2 (6%)

  N3 6 (17%)

Histology

  IDC 31 (89%)

  ILC 2 (6%)

  Mucinous 2 (6%)

Subtype

  HER2-positive 4 (11%)

  ER-positive/HER2-negative 24 (69%)

  Triple negative 7 (20%)

Grade

  1 7 (20%)

  2 18 (51%)

  3 10 (29%)

Abbreviations: SD, standard deviation; MRI, magnetic resonance imaging; UOQ, upper outer quadrant, UIQ, 
upper inner quadrant; LOQ, lower outer quadrant, LIQ, lower inner quadrant; IDC, invasive ductal 
carcinoma; ILC, invasive lobular carcinoma; HER2, human epidermal growth factor receptor 2; ER, estrogen 
receptor.



PART THREE  |  HANGING BREAST IMAGING WITH PET/CT AND DEDICATED BREAST PET

222

Figure 3 Comparison between whole-body PET/CT with 2 mm slices (left) and MAMMI (right). Images from a 
49 year-old patient with left-sided breast cancer. Both studies showed intense FDG uptake (score 3), 
but heterogeneity clearly differed (score 0 for PET/CT and score 2 for MAMMI).

Figure 4 PET/CT (left) and MAMMI (right) images in sagittal axis. Four lesions are depicted with MAMMI and 
different (heterogeneous) uptake within the larger lesion is observed (arrows). By contrast, PET/CT is 
not able to identify areas with different FDG uptake in the tumor.
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DISCUSSION

Breast cancers are heterogeneous in its proliferation. In recent years, molecular evidence 

suggests that intratumour heterogeneity may contribute to tumor growth through a 

branched rather than linear pattern of evolution. Thus, intratumour heterogeneity results 

in coexisting cancer cell clones with different genotypes and phenotypes that may be 

diverse within the same tumor. Yap et al. considered heterogeneity as a “growing tree”, 

where the trunk of tumor harbors the founding mutations and the branches (with 

different regions of the tumor or cells within it) carry heterogeneous mutations that may 

drive diverse behaviors. This issue is particularly true in breast cancer where regional 

subclones with different HER2 amplification have been demonstrated.10

In this study MAMMI depicted moderate or high intratumour heterogeneous FDG uptake 

in 30 of 35 patients, predominantly in tumors ≥3 cm and with intense FDG uptake. 

Heterogeneity scores were higher on MAMMI than on PET/CT in 11 (31%) patients. 

Surprisingly, we did not find correlations of heterogeneity scores with histology, subtype, 

or grade. However, various subgroups were probably too small to find significant 

associations.

Tumor heterogeneity in proliferation, vascularization, and multidrug-resistance are very 

important parameters. Their pretreatment knowledge could permit to plan individualized 

therapies. Accurate visualization of heterogeneity could reduce tumor-sampling bias, 

could have implications for the development of new targeted therapies, and might 

partially prevent drug resistance.11 In breast cancer patients the addition of molecular 

imaging to conventional imaging modalities (mammography, ultrasound, MRI) for 

detection of heterogeneity could be particularly interesting in patients scheduled for 

neoadjuvant chemotherapy for optimization of pretreatment tumor sampling. Further, 

visualizing heterogeneity could be of value during response monitoring, especially in 

patients with an unfavorable response. 

Table 2  Intensity of FDG uptake and heterogeneity scores as seen on 
PET/CT and MAMMI PET in 35 patients.

PET/CT MAMMI p-value

Intensity of FDG uptake

  0 - none 0 0 0.439

  1 - light 4 (11%) 5 (14%)

  2 - moderate 13 (37%) 14 (40%)

  3 - high 18 (51%) 16 (46%)

Heterogeneity of FDG uptake

  0 - diffuse 1 (3%) 1 (3%) 0.005

  1 - mild 11 (31%) 4 (11%)

  2 - moderate 13 (37%) 14 (40%)

  3 - high 10 (29%) 16 (46%)
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The incorporation of a biopsy device to the MAMMI may enable more accurate biopsies 

by obtaining tumor tissue from areas with the highest degree of FDG uptake within the 

primary tumor, which correlates with the area with highest proliferative activity.8 The 

feasibility of FDG-guided biopsies has been demonstrated recently.12 

Table 3  Heterogeneity scores on PET/CT and MAMMI PET for different clinical, pathological, and imaging 
characteristics.

Heterogeneity 
PET/CT

p-value Heterogeneity 
MAMMI

p-value

T-stage 0.005 0.014

  T1 1.1 ± 0.6 1.6 ± 0.9

  T2 2.1 ± 0.8 2.5 ± 0.6

  T3 2.5 ± 0.6 2.5 ± 0.6

  T4 2.3 ± 0.7 2.7 ± 0.6

N-stage 0.018 0.101

  N0 1.6 ± 0.9 2.0 ± 0.9

  N1 1.9 ± 0.8 2.4 ± 0.7

  N2 2.5 ± 0.7 3.0 ± 0

  N3 2.5 ± 0.5 2.5 ± 0.5

Histology 0.325 0.762

  IDC 1.8 ± 0.8 2.3 ± 0.8

  ILC 3.0 ± 0 2.5 ± 0.7

  Mucinous 2.0 ± 1.4 2.0 ± 1.4

Subtype 0.653 0.740

  HER2-positive 2.0 ± 0.8 3.0 ± 0

  ER-positive/HER2-negative 1.8 ± 0.9 2.1 ± 0.8

  Triple negative 2.1 ± 0.9 2.6 ± 0.5

Grade 0.132 0.111

  1 1.5 ± 1.1 1.8 ± 1.0

  2 2.1 ± 0.7 2.4 ± 0.8

  3 2.0 ± 0.8 2.5 ± 0.5

Intensity of FDG uptake PET/CT 0.018 0.001

  1 - light 0.75 ± 0.5 1.0 ± 0.8

  2 - moderate 2.0 ± 0.8 2.2 ± 0.7

  3 - high 2.1 ± 0.8 2.6 ± 0.5

Intensity of FDG uptake MAMMI 0.012 <0.001

  1 - light 1.2 ± 1.1 1.0 ± 0.7

  2 - moderate 1.8 ± 0.7 2.3 ± 0.6

  3 - high 2.3 ± 0.8 2.7 ± 0.5

Total 1.9 ± 0.9 2.3 ± 0.8

Data are presented as mean ± SD.
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Optimal patient positioning and reconstruction protocols might improve primary tumor 

visualization with whole-body PET/CT scanners. In our hospital we perform a dedicated 

PET/CT of the thorax for locoregional evaluation with the patient in prone position, the 

arms above the head, with hanging breasts and image reconstruction to 2×2×2 mm 

voxels. This approach provides high-resolution images of the breasts and locoregional 

lymph nodes without tissue compression and results in improved tumor delineation and 

less breathing artifacts.13 Further, it enables image comparison with MRI. In spite of this 

dedicated approach with a whole-body PET/CT scanner, MAMMI showed a higher degree 

of intratumour heterogeneous FDG uptake. This may be explained by the high resolution 

and small voxel size of the dedicated MAMMI device. Also the short pathway from tumor 

to detector could improve tumor detection and quantification.

The heterogeneity as observed in this study has not been proven histopathologically; 

therefore, we do not know to what extent genetic profiles or immunohistochemical 

features would differ. The introduction of FDG-guided biopsies could be used for this 

purpose in future studies.

Also, other less available PET radiotracers may be more suitable than 18F-FDG as 

proliferation index (for instance, 18F-FLT and 18F-Choline). The employment of new 

specific radiotracers in combination with high-resolution devices has the potential of 

biologically characterizing a tumor ‘in vivo’.14

Summarizing, heterogeneous tumor FDG uptake in breast cancer patients is frequently 

observed, particularly in large tumors with intense FDG uptake. It is more often seen on 

MAMMI PET than on conventional PET/CT. Although the observed heterogeneity should 

be proven histopathologically, this finding offers a rationale for FDG-guided biopsies. 

Eventually, this might improve histopathological tumor sampling in breast cancer patients.
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