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Does the pretreatment tumor sampling location 

correspond with metabolic activity on 18F-FDG PET/CT 

in breast cancer patients scheduled for neoadjuvant 

chemotherapy?
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Purpose

To define the correlation between the core biopsy location and the area with highest 

metabolic activity on 18F-FDG PET/CT in stage II-III breast cancer patients before 

neoadjuvant chemotherapy. Also, we would like to select a subgroup of patients in 

which PET/CT information may optimize tumor sampling.

Methods

A PET/CT in prone position was acquired in 199 patients with 203 tumors. The 

distance and relative difference in standardized uptake value (SUV) between core 

biopsy localization (indicated by a marker) and area with highest degree of FDG 

uptake were evaluated. A distance ≥2 cm and a relative difference in SUV ≥25% were 

considered clinically relevant and a combination of both was defined as non-

correspondence. Non-correspondence for different tumor characteristics (TNM 

stage, lesion morphology on MRI and PET/CT, histology, subtype, grade, and Ki-67) 

was assessed.

Results

Non-correspondence was found in 28 (14%) of 203 tumors. Non-correspondence 

was significantly associated with T-stage, lesion morphology on MRI and PET/CT, 

tumor diameter, and histologic type. It was more often seen in tumors with a higher 

T-stage (p=0.028), diffuse (non-mass) and multifocal tumors on MRI (p=0.001), diffuse 

and multifocal tumors on PET/CT (p<0.001), tumors >3 cm (p<0.001), and lobular 

carcinomas (p<0.001). No association was found with other features. 

Conclusion

Non-correspondence between the core biopsy location and area with highest FDG 

uptake is regularly seen in stage II-III breast cancer patients. PET/CT information and 

possibly FDG-guided biopsies are most likely to improve pretreatment tumor sampling 

in tumors >3 cm, lobular carcinomas, and diffuse and multifocal tumors.
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INTRODUCTION

Breast cancer can be characterized according to various criteria,1-4 but pathological 

examination remains the cornerstone of tumor classification. Breast core biopsies are 

usually obtained under image guidance. Diagnostic accuracy of ultrasound-guided core 

biopsies has been reported to be equivalent to open surgical biopsy for both palpable 

and non-palpable tumors and percutaneous needle biopsy is currently standard 

practice.5-7 For gene-expression analysis or molecular subtyping, requiring sufficient RNA 

of the tumor, the demands are higher and success percentages of biopsies are lower. 

For instance, in the report on the validation and clinical utility of the 70-gene prognostic 

signature, useful RNA could be extracted from 81% of the core biopsies.8

After performing a core biopsy, a marker is usually placed for confirmation of the biopsy 

location and as a reference point for further imaging and treatment procedures.9 

Moreover, if a radioactive marker (such as a 125I-seed) is placed, it can be used for lesion 

localization at surgery in case of an occult (non-palpable) primary tumor.10

18F-fluorodeoxyglucose (FDG) positron emission tomography (PET), with or without 

concomitant computed tomography (CT), has been shown useful in staging and response 

monitoring in primary and recurrent breast cancer.11-15 In contrast with ultrasound (US, 

based on anatomical changes and reflection/absorbance of sound waves) and magnetic 

resonance imaging (MRI, based on gadolinium uptake and contrast kinetics), PET is a 

functional imaging procedure based on the principle of elevated glucose metabolism in 

malignant tumors. The area of the tumor with the highest degree of FDG uptake 

represents a zone with a high number of most actively proliferating tumor cells (the most 

proliferative tumor part) and has been shown to correlate with prognostic characteristics 

and survival.16-18 Based on intratumor heterogeneity,19 PET/CT information may enable 

tumor sampling from the most proliferative part of the tumor. 

The aim of this study was to define the correlation between the core biopsy location 

(indicated by a marker) and the area with highest metabolic activity on FDG PET/CT in 

breast cancer patients scheduled for neoadjuvant chemotherapy (NAC). Second, we 

aimed to identify a subgroup of patients in which PET/CT information may optimize 

tumor sampling.

MATERIALS AND METHODS

Patient cohort

Patients with pathologically proven invasive breast cancer >3 cm in diameter and/or at 

least one tumor-positive axillary lymph node are offered to be treated with NAC in our 

institute. In all patients an ultrasound-guided core biopsy was performed to determine 

the histologic type, hormone receptors, and human epidermal growth factor receptor 

2 (HER2)-status before NAC. At least three 14-gauge core samples (22 mm long from 

an area of approximately 2 cm in diameter) were obtained according to the standard 

institutional protocol. An O-Twist marker (BARD GmbH, Karlsruhe, Germany) or 
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Iodine-125 seed (BARD brachytherapy, Carol Stream, Illinois, USA) was placed to indicate 

pretreatment lesion localization. In the case of Iodine-125 seed placement prior to 

neoadjuvant chemotherapy, the radioactive marker was in situ for a maximum of 200 

days. Based on a radiation risk analysis, special care only needs to be taken in case of 

contact with small infants.10

All patients who underwent an FDG PET/CT as a staging procedure after core biopsy 

and marker placement between September 2006 and September 2011 were included in 

this analysis. Tumors without increased FDG uptake in relation to background uptake 

were excluded. The institutional review board approved this study and informed consent 

was obtained from all patients.

Table 1  Patient demographics and clinical tumor characteristics.

Total (n=203 tumors)

Characteristic No. %

Age (years)

  Mean
48

27-74
  Range

T-stage 

  cT1 14 7

  cT2 124 61

  cT3 49 24

  cT4 16 8

N-stage 

  cN0 40 20

  cN1 115 57

  cN2 5 3

  cN3 43 21

Histologic type

  IDC 181 89

  ILC 15 7

  Other 7 3

Subtype

  HER2-positive 41 20

  ER-positive/HER2-negative 108 53

  Triple negative 54 27

Grade

  1 14 7

  2 107 53

  3 66 33

  Unknown 16 8
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Staging and treatment

Mammography, ultrasonography, and MRI were used for assessment of the primary 

tumor in all patients. Ultrasound, bone scintigraphy, chest radiography, and PET/CT were 

used for detection of regional and distant metastases. A pre-chemotherapy sentinel node 

biopsy was performed in clinically node-negative axillae. After exclusion of distant 

metastases, chemotherapy was administered as previously described.15 NAC was followed 

by surgery of the breast and, in case of axillary metastases before chemotherapy, an 

axillary dissection.

18F-FDG PET/CT

Patients were prepared with a fasting period of 6 hours. Blood glucose levels had to be 

less than 10 mmol/l. A total dose of 180-240 MBq, depending on body mass index, was 

injected intravenously. After a resting period of 60 ± 10 minutes the PET/CT was 

performed on a whole body PET/CT scanner (Gemini TF, Philips, Cleveland, Ohio, USA). 

For locoregional assessment, a PET scan of the thorax was performed with the patient 

in prone position and with hanging breasts, preceded by a low-dose CT (40 mAs, 2.0 

mm slices). Subsequently, an additional whole body PET/CT (5.0 mm CT slices) from the 

base of the skull to the upper half of both femora in supine position was performed, as 

a staging procedure. For calculation of standardized uptake value (SUV) at the location 

of the marker and maximum SUV (SUVmax) of the tumor, the activity administered, time 

of administration, and the patient’s weight on the day of the scan were recorded.

Image reading 

Images were evaluated using orthogonal multiplanar reconstruction and simultaneous 

display of PET, CT, and fused PET/CT images. The use of cross-reference lines allowed 

the navigation between axial, coronal, and sagittal views. The degree of FDG uptake of 

the tumor was measured using SUVmax, obtained by generating a 3D automated region 

of interest (ROI) based on region-growing procedures.20 The SUV at the location of the 

marker was derived from a manually drawn 3D volume of interest. Second, the distance 

between the area with SUVmax of the tumor and the location of the marker was 

measured. Because of superior spatial resolution and improved anatomical localization 

using the hanging breast procedure, measurements were done in prone position.21

To identify non-correspondence the following cut-off points were defined as clinically 

relevant: distance ≥2.0 cm (i.e., biopsied area) and relative difference in SUVmax ≥25%.

Statistics

SPSS (Version 20, SPSS Inc, Chicago, IL, USA) was used to analyze which tumor 

characteristics were associated with non-correspondence. Analyses were performed 

using Fisher’s exact (two factors), Pearson’s Chi-Square (three or more nominal factors), 

and Linear-by-Linear Association tests (three or more ordered factors). All tests were 

two-sided and statistical significance was defined as p≤0.05.
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RESULTS

A total of 211 patients scheduled for NAC underwent an FDG PET/CT after core biopsy 

and marker placement between September 2006 and September 2011. Twelve patients 

were excluded because of insufficient tumor FDG uptake. A total of 199 patients with 

203 cancers were included. The tumor type of most lesions was ER-positive/HER2-

negative (53%) followed by triple negative (27%) and HER2-positive (20%). Baseline 

characteristics are presented in Table 1.

Lesion morphology on PET/CT

Triple negative tumors presented significantly more often as unifocal lesions (72%) on 

PET/CT than the HER2-positive tumors (37%) and the ER-positive/HER2-negative 

tumors (37%, p<0.001). Lesion morphology of invasive lobular carcinomas was 

predominantly diffuse (73%), whereas invasive ductal carcinomas were generally 

unifocal masses (50%, p=0.010). Lesion morphology on PET/CT of several subgroups 

is demonstrated in Table 2.

Tumor sampling location vs area with highest degree of FDG uptake

Non-correspondence was found in 28 (14%) of 203 tumors, i.e. relative difference in 

SUVmax ≥25% and distance ≥2.0 cm (Table 3). In 59 patients we observed a relative 

difference in SUVmax ≥25%, but the tumor sampling area was within 2 cm from the area 

with highest FDG uptake. Conversely, for five tumors the distance between the tumor 

sampling location and area with highest FDG uptake was ≥2.0 cm, but the relative 

difference in SUV between both areas was <25%. A total of 111 tumors (55%) corresponded 

well for both parameters. Figures 1 and 2 show examples of discrepancy between marker 

localization and SUVmax of the tumor. Other cut-off points defining non-corresponding 

tumor localization are presented in Table 4.

We observed a significant association of non-correspondence with advanced T-stage 

(p=0.028) and tumor size (p<0.001). Also, non-correspondence was more often seen in 

tumors presenting as diffuse non-masses and multifocal masses on MRI (p<0.001, Figure 

3) and diffuse or multifocal tumors on PET/CT (p<0.001). Lobular carcinomas were more 

often classified as non-correspondence as compared with ductal carcinomas (p<0.001). 

No significant associations were found for N-stage, M-stage, subtype, grade, and Ki-67 

(Table 5).

DISCUSSION

Optimization of primary tumor localization is important to obtain the most representative 

information about histopathological features. A prior study showed that it is essential to 

have this information before NAC.22 In this study we compared the tumor sampling 

location with the area with highest degree of FDG uptake on PET/CT to evaluate the 

possible role of PET/CT in lesion localization for obtaining a core biopsy. In this study 
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Table 2  Lesion morphology on PET/CT stratified by tumor diameter, histology, and breast cancer subtype. 
Data are shown as number of tumors (percentage within tumor variable).

Lesion morphology on PET/CT

Tumor variable Unifocal Diffuse Multifocal p-value

Largest tumor diameter <0.001

  ≤3 cm 62 (71%) 12 (14%) 14 (16%)

  >3 cm 32 (28%) 61 (53%) 22 (19%)

Histologic type 0.010

  IDC 91 (50%) 59 (33%) 31 (17%)

  ILC 1 (7%) 11 (73%) 3 (20%)

  Other 2 (29%) 3 (43%) 2 (29%)

Subtype by receptor status <0.001

  HER2-positive 15 (37%) 20 (49%) 6 (15%)

  ER-positive/HER2-negative 40 (37%) 46 (43%) 22 (20%)

  Triple negative 39 (72%) 7 (13%) 8 (15%)

Abbreviations: IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; HER2, human epidermal 
growth factor receptor 2; ER, estrogen receptor.

Figure 1 Maximum intensity projection (MIP) MRI image during initial enhancement of a 43-year-old woman 
with right-sided lobular carcinoma showing a large, diffuse non-mass lesion (A). Fused PET/CT image 
with MIP showing diffuse and heterogeneous FDG uptake in the breast surrounding a central area 
without FDG uptake (B). A marker indicates the tumor sampling location. The SUVmax within 2 cm 
from the marker was 2.6. The SUVmax of the tumor, located in the black dashed circle, was 3.9 
(difference 33%). The distance between the marker and the SUVmax location was 4.5 cm.
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Table 3  Core biopsy localization compared with the SUVmax area of the tumor. Data are shown as number of 
tumors (percentage within table).

Distance between SUVmax tumor and marker

<2.0cm ≥2.0cm

Relative difference between <25% 111 (55%) 5 (3%)

SUVmax tumor and SUV marker ≥25% 59 (29%) 28 (14%)

Abbreviations: SUV, standardized uptake value; SUVmax, maximum standardized uptake value.

Table 4 Definition of non-corresponding tumor localization: different cut-off points. Data are shown as number 
of non-corresponding tumors.

Distance between SUVmax tumor and marker

≥2.0 cm ≥2.5 cm ≥3.0 cm

Relative difference between ≥25% 28 19 12

SUVmax tumor and SUV marker ≥30% 25 18 11

≥40% 15 12 6

Abbreviations: SUV, standardized uptake value; SUVmax, maximum standardized uptake value.

Figure 2 Maximum intensity projection (MIP) MRI image during initial enhancement of a 40-year-old woman 
with left-sided HER2-positive ductal carcinoma showing an irregular, unifocal mass in the lower outer 
quadrant (A). Fused PET/CT images with MIP showing two small, intense FDG-avid lesions, while no 
uptake is seen in between (B). A marker indicates the tumor sampling location. The SUVmax within 2 
cm from the marker was 2.2. The SUVmax of the tumor, located in the black dashed circle, was 8.3 
(difference 73%). The distance between the marker and the SUVmax location was 2.7 cm.
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non-correspondence between the pretreatment tumor sampling location and the area 

with highest FDG uptake was significantly associated with different tumor characteristics, 

suggesting that PET/CT could have a role in optimizing core biopsies in specific tumors. 

The tumor sampling location of tumors with a large diameter and T3 lesions did not 

correspond well with the highest degree of FDG uptake on the PET/CT. Further, lobular 

carcinomas were significantly more often non-corresponders than ductal carcinomas, 

as were diffuse and multifocal lesions in comparison to unifocal masses. Not surprisingly, 

these different characteristics associated with non-corresponding tumor localization 

correlate with each other. Also, the relation of tumor diameter and T-stage with and 

correspondence is rather obvious, since core biopsy and marker placement of a small 

tumor will generally be within 2 cm from the area with highest FDG uptake. Finally, we 

found that triple negative tumors were more often unifocal lesions on MRI and PET/CT 

than the HER2-positive and ER-positive/HER2-negative tumors. This finding is in 

agreement with a previous study describing lesion morphology on MRI.23

Earlier studies have demonstrated intratumor heterogeneity 19 and have shown that 

intratumor heterogeneity in breast cancers can lead to significant sampling bias.24,25 In a 

study by Vriens et al. tumor heterogeneity was determined using dynamic FDG PET.26 

With increasing metabolic rate, significant increases in uptake, washout, and 

phosphorylation were observed with decreasing tissue blood volume fractions. As 

mentioned before, the area of the tumor showing the highest degree of FDG uptake 

represents the most aggressive tumor cells. This suggests that biopsies should be 

obtained from this area to optimize tumor subtyping. 

The consequences of improved tumor sampling may vary. If a large distance and large 

difference in FDG uptake is found, a different clinical subtype may be found and the 

chemotherapeutic regimen may change (for instance, in case of positive or negative 

HER2-status). Less profound, but still important features may be changes in genetic 

profile or proliferative activity.

A pilot study has shown that high-resolution positron emission mammography (PEM) 

could be safe and effective for the sampling of PET-depicted breast lesions.27 Recently, 

another dedicated breast PET has been introduced 28 of which the development of a 

biopsy system is in the final stage. Breast lesion biopsies using the MAMmography with 

Molecular Imaging (MAMMI) PET are scheduled in our institute. The high resolution and 

small voxel size of dedicated PETs could offer more accurate visualization of 

heterogeneous tumor FDG uptake.29 PET-guided biopsy could be of value to obtain the 

most proliferative part of the tumor by ensuring tissue sampling from the area with 

highest degree of FDG uptake.

A prior study found significantly higher SUVs for nodular tumors than for tumors with a 

diffuse growth pattern.30 A low overall SUV or a low relative difference in SUVmax of the 

tumor and the surrounding malignant tissue could complicate a PET-guided biopsy 

procedure. However, in only 5% of patients scheduled for NAC the primary tumor is not 

sufficiently visualized by PET/CT.18

In our hospital at least three 14G biopsies (22 mm long) are obtained from an area of 

approximately 2 cm. This has lead to the cut-off value of 2 cm for non-correspondence, 
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Table 5  Association between tumor characteristics and (non-)correspondence. Data are shown as number of 
tumors (percentage within characteristic)..

Tumor localization

Characteristic Corresponding Non-corresponding p-value

T-stage prior to NAC 0.028

  cT1 14 0

  cT2 112 12 (10%)

  cT3 34 15 (31%)

  cT4 15 1 (6%)

Lesion morphology on MRI 0.001

  Mass unifocal 74 2 (3%)

  Diffuse (non-mass) 61 14 (19%)

  Mass multifocal 40 12 (23%)

Lesion morphology on PET/CT

  Unifocal 92 2 (2%) <0.001

  Diffuse 55 18 (25%)

  Multifocal 28 8 (22%)

Largest tumor diameter on MRI

  ≤3 cm 63 1 (2%) <0.001

  >3 cm 112 27 (19%)

  ≤5 cm 128 9 (7%) <0.001

  >5 cm 47 19 (29%)

Largest tumor diameter on PET/CT

  ≤3 cm 88 0 <0.001

  >3 cm 87 28 (24%)

  ≤5 cm 143 13 (8%) <0.001

  >5 cm 32 15 (32%)

N-stage prior to NAC 0.548

  cN0 36 4 (10%)

  cN1 98 17 (15%)

  cN2 5 0

  cN3 36 7 (16%)

M-stage 0.441

  M0 163 25 (13%)

  M1 12 3 (20%)

Histologic type <0.001

  IDC 160 21 (12%)

  ILC 8 7 (47%)

  Other 7 0

Subtype by receptor status 0.103

  HER2-positive 33 8 (20%)

  ER-positive/HER2-negative 91 17 (16%)

  Triple negative 51 3 (6%)
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since biopsies are obtained within an area of 2 cm from the marker. A distance ≥2 cm 

between marker and SUVmax area assures that tumor sampling was not performed from 

the location with highest degree of FDG uptake. A difference ≥25% in SUV values within 

2 cm from the marker might be clinically relevant, but tumor sampling may have occurred 

within that area as well. Since the cut-off values of 2 cm and 25% are arbitrary, we have 

included analyses for different cut-off values as well (Table 4).

Some limitations of our study should be mentioned. First, without the use of PET-guided 

biopsies as a reference, only assumptions can be made about the differences in biopsy 

outcome compared to US-guided biopsy. Subsequent research should evaluate these 

table 5 continued

Tumor localization

Characteristic Corresponding Non-corresponding p-value

Grade (based on core biopsy) (n=187) 0.250

  1 13 1 (7%)

  2 87 20 (19%)

  3 61 5 (8%)

Ki-67 (n=180) 0.179

  ≤10% 55 12 (18%)

  >10% 101 12 (11%)

Abbreviations: T-stage, tumor stage; NAC, neoadjuvant chemotherapy; N-stage, locoregional lymph node 
stage; M-stage, distant metastases; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; HER2, 
human epidermal growth factor receptor 2; ER, estrogen receptor.

Figure 3 Difference between SUVmax tumor and SUV marker and distance between SUVmax tumor and marker, 
stratified by lesion morphology on MRI. Non-correspondence was predominantly found in tumors 
presenting as diffuse or multifocal lesions on pretreatment MRI.

 Abbreviations: SUVmax, maximum standardized uptake value; SUV, standardized uptake value.
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differences and further explore the role of PET-guided biopsy. Second, in our hospital a 

minimum of 3 core samples are obtained from the most suspect area in the breast. A 

marker is subsequently placed in the center of the biopsied area for future visualization, 

lesion localization at surgery, and tumor detection by the pathologist. In this study design, 

the localization of the marker will never be the exact biopsy site, but was chosen as the 

most accurate reflection. Furthermore, different radiologists may choose different 

suspect areas in the breast to obtain core samples from, and therefore interobserver 

variation might play a role in our results.

Further, one could argue that invasive diagnostic procedures prior to PET/CT may 

influence the FDG uptake, because of inflammatory reactions in the mammary tissue. A 

prior study found no correlation between SUV and presence of inflammatory cells.30 

Moreover, if PET results were affected by marker placement, the amount of non-

corresponding tumor localizations would be underestimated.

In conclusion, in stage II-III breast cancer patients scheduled for NAC non-

correspondence between the core biopsy location and the area with highest FDG uptake 

is regularly (14%) seen. PET/CT information is most likely to improve pretreatment tumor 

sampling in tumors >3 cm, lobular carcinomas, and in diffuse and multifocal tumors. 

Further research comparing PET-guided biopsy to conventional image-guided biopsy 

is warranted to explore this finding.
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