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Purpose

The aim of this study was to evaluate the association of primary tumor FDG uptake 

with clinical, histopathological, and molecular characteristics of breast cancer patients 

scheduled for neoadjuvant chemotherapy. Second, we wished to establish for which 

patients pretreatment PET/CT could safely be omitted because of low FDG uptake. 

Methods

PET/CT was performed in 214 primary stage II or III breast cancer patients in the 

prone position with hanging breasts. Tumor FDG uptake was qualitatively evaluated 

to determine the possibility of response monitoring with PET/CT and was quantitatively 

assessed using maximum standardized uptake values (SUVmax). FDG uptake was 

compared with age, TNM-stage, histology, hormone- and HER2-receptor status, 

grade, Ki-67, and molecular subtype in univariable and multivariable analyses. 

Results

In 203 tumors (95%) FDG uptake was considered sufficient for response monitoring. 

No subgroup of patients with consistently low tumor FDG uptake could be identified. 

In a univariable analysis, SUVmax was significantly higher in patients with distant 

metastases at staging examination, non-lobular carcinomas, tumors with negative 

hormone receptors, triple negative tumors, grade 3 tumors, and in tumors with a 

high proliferation index (Ki-67-expression). After multiple linear regression analysis, 

triple negative and grade 3 tumors were significantly associated with a higher SUVmax. 

Conclusion

Primary tumor FDG uptake in breast cancer patients scheduled for neoadjuvant 

chemotherapy is significantly higher in tumors with prognostically unfavorable 

characteristics. Based on tumor characteristics associated with low tumor FDG 

uptake, this study was unable to identify a subgroup of patients unlikely to benefit 

from pretreatment PET/CT.
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INTRODUCTION

Breast cancer is a heterogeneous disease. Classification can be done according to TNM 

stage, immunohistochemical features, grade, proliferation index, and gene-expression 

profiles, all yielding different prognostic groups.1-4 Still, histopathological evaluation 

remains the cornerstone of characterization, requiring core biopsy or resection specimen. 

Imaging with 18F-fluorodeoxyglucose (FDG) positron emission tomography (PET) is 

based on the principle of elevated glucose metabolism in malignant tumors.5 It is a non-

invasive procedure evaluating the metabolism of tumor cells, which might be useful for 

characterization or prognostication in breast cancer, as has already been shown in other 

tumor types such as lung cancer.6

PET, with or without computed tomography (PET/CT), has been studied extensively in 

breast cancer. It has been shown that PET/CT is generally able to visualize the primary 

tumor and that it is useful in regional and in distant staging, both in primary and recurrent 

breast cancer.7-11 It is assumed that an association exists between the degree of FDG 

uptake in the primary tumor and in locoregional or distant metastases, thereby improving 

sensitivity of PET/CT as a staging procedure in patients with a high degree of primary 

tumor uptake.11,12 Use of PET/CT for response monitoring of breast cancer during 

neoadjuvant chemotherapy is gaining interest as well.13,14 Although relative change in 

FDG uptake was the strongest indicator for tumor response, the degree of baseline FDG 

uptake was also predictive for response.15 Furthermore, more accurate calculations on 

the change in FDG uptake can be performed when baseline tumor FDG uptake is high.

Although several studies have investigated the correlation between different types of 

breast cancer and uptake of FDG, groups were relatively small and/or heterogeneous.16-20 

The aim of the present study was to determine the association between degree of tumor 

FDG uptake, expressed as maximum standardized uptake value (SUVmax), and different 

breast cancer subgroups, based on clinical, histopathological, and molecular 

characteristics. Consequently, we aimed to establish in which subgroup of stage II-III 

breast cancer PET/CT might represent a reliable tool for staging and response evaluation. 

Also, we intended to identify a subgroup of patients for which, based on breast cancer 

characteristics, PET/CT could safely be omitted because of insufficient FDG uptake.

METHODS

Women with invasive breast cancer >3 cm and/or at least one tumor-positive axillary node 

were offered to be treated with neoadjuvant chemotherapy in our institute in the context 

of one of several trials.21 As part of these trials, a whole body 18F-FDG PET/CT was performed 

prior to chemotherapy. Qualitative and quantitative FDG uptake were determined and 

compared with clinical, histopathological, and molecular characteristics. All breast cancer 

patients scheduled for neoadjuvant chemotherapy and undergoing a PET/CT between 

November 2008 and May 2011 were included in this analysis. The Institutional Ethics 

Committee approved this study and informed consent was obtained from all patients.
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Conventional staging and treatment

Mammography, ultrasonography, and magnetic resonance imaging (MRI) were used for 

assessment of the primary tumor in all patients. A core biopsy (10-18 days before PET/

CT) was used to determine the histologic type, to perform immunohistochemical 

stainings, and to isolate mRNA. A marker was placed for ulterior lesion localization at 

surgery in case of a clinical complete remission after chemotherapy. Ultrasound, bone 

scintigraphy, chest radiography, and PET/CT were used for detection of locoregional 

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.21 Briefly, most human epidermal growth factor 

receptor 2 (HER2)-negative patients were treated with 6 courses of cyclophosphamide 

and doxorubicin in a dose-dense schedule (every two weeks). A minority was treated 

with capecitabine and docetaxel. All HER2-positive tumors were treated with a 

trastuzumab-based regimen, consisting of paclitaxel, trastuzumab, and carboplatin, 

administered weekly in three 8-week courses. Chemotherapy was followed by surgery 

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

node dissection. 

18F-FDG PET/CT

The PET/CT was performed after a fasting period of 6 hours with a blood glucose level 

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

mass index. The PET/CT was acquired after a resting period of 60 ± 10 minutes. Using 

a whole body PET/CT scanner (Gemini TF, Philips, Cleveland, OH, USA), a PET scan 

(3.00 min per bed position) of the thorax was performed for locoregional assessment 

with the patient in the prone position, with hanging breasts and the arms above the 

head, with image reconstruction to 2x2x2 mm voxels.22 PET acquisition was preceded 

by a low-dose CT (40 mAs, 2.0 mm slices). Subsequently, as a staging procedure, a 

whole body PET/CT (1.30 min per bed position, 5.0 mm CT slices) was performed in 

the supine position. 

Image reading

A panel of four experienced readers evaluated images using orthogonal multiplanar 

reconstruction and simultaneous display of PET, CT, and fused PET/CT images. First, 

the primary tumor was qualitatively assessed. FDG uptake was evaluated using a 

4-degree scoring system, as previously described 9: (0) similar to surrounding tissue or 

lymph nodes, (1) slightly more than surrounding structures, (2) moderately intense, and 

(3) very intense. Degree 1, 2, and 3 were considered as increased FDG uptake, degree 

2 and 3 were considered sufficient for response monitoring with PET/CT. The FDG 

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

of interest (ROI) based on region-growing procedures.23 In case of a low tumor-to-

background ratio, rendering an automated ROI generation unreliable, SUVmax was 

derived from a manually drawn 3D volume of interest. If the PET/CT showed no 

increased FDG uptake in the breast, we used the marker as a reference for ROI 
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determination. Because of superior spatial resolution and improved anatomical 

localization using the hanging breast procedure,22 SUVmax was determined in the prone 

position (Figure 1). 

Histopathological analysis and immunohistochemical staining (IHC)

An experienced consultant breast pathologist (J.W.) revised all core biopsies. The 

histologic type was assessed with hematoxylin and eosin staining. To differentiate 

between invasive ductal carcinoma (IDC) and invasive lobular carcinoma (ILC), E-cadherin 

was used. Histologic grade was determined using modified Bloom-Richardson criteria.24 

Samples were scored as positive for estrogen receptor (ER) and progesterone receptor 

(PR) by IHC, when at least 10% of tumor cells showed staining. HER2 was scored as 

positive when a strong membrane staining (3+) could be observed or if chromosome in 

situ hybridization revealed amplification. Ki-67 was considered negative when ≤10% of 

tumor cells was Ki-67-positive (Ki-67 labeling index). Illumina gene-expression analysis 

was performed as previously described.25 Briefly, mRNA was isolated, labeled, and 

hybridized to Illumina 6v3 arrays (Illumina, La Jolla, CA, USA). The subtype single-sample 

predictor “PAM50” 26 was used to assign a molecular subtype to the samples.

Statistical analysis

Differences in suitability for response monitoring was assessed using Fisher’s Exact (two 

variables), Pearson Chi-Square (three or more nominal variables), Linear-by-Linear 

Association (three or more ordered variables), and Wilcoxon rank sum tests (a continuous 

variable). Differences in SUVmax were calculated using Wilcoxon rank sum (two variables), 

Kruskal Wallis (three or more nominal variables), and Linear-by-Linear Association tests 

(three or more ordered variables). Correlation between Ki-67 and SUVmax was calculated 

using Spearman’s rho. A multivariable linear regression was performed including age, 

Figure 1  PET/CT of the thorax in prone position of two patients; 32-year-old woman with a T2N0, triple negative, 
invasive ductal carcinoma of the right breast (grade 3, Ki-67 90%) showing very intense FDG uptake 
(SUVmax 15.8), eligible for response monitoring (a); 44-year-old woman with a T2N0, ER-positive/
HER2-negative, invasive lobular carcinoma of the right breast (grade 2, Ki-67 1%) showing only slightly 
increased FDG uptake (SUVmax 2.2), not eligible for response monitoring (b).
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tumor size, lymph node status, distant metastases at staging examination, histologic 

type, subtype, grade, and Ki-67-status. Molecular subtypes were excluded because of 

multiple missing values. All tests were two-sided and p-values ≤0.05 were considered 

significant. 

RESULTS

We included all 214 patients who underwent a PET/CT and a complete diagnostic work-

up prior to systemic treatment. The molecular subtype was available for 57 tumors. Table 

1 shows the baseline characteristics, subdivided by qualitative degree of FDG uptake and 

possibility to perform response monitoring.

Response monitoring was possible in 203 (95%) tumors. IDC showed higher FDG uptake 

as compared with ILC; in 97% (176/181) of IDCs and 74% (17/23) of ILCs, FDG uptake was 

sufficient for response monitoring (p=0.0003).

In 11 (5%) of 214 tumors, FDG uptake was insufficient for response monitoring. Median 

SUVmax in this group was 2.6 (range 1.9-3.3) and the median age was 53.2 years (range 

43-63). Six of these tumors were ILCs and Ki-67 was low in eight. Eight of these tumors 

were ER-positive/HER2-negative, two were HER2-positive and one was triple negative. 

Figure 2 Summary of the predictor effects in the multivariable model. The effect of age is shown per 10 years. 
Abbreviations: T-stage, tumor stage; N-stage, locoregional lymph node stage; M-stage, detection of 
distant metastases after staging procedures; IDC, invasive ductal carcinoma; ILC, invasive lobular 
carcinoma; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2.
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In total, nine of 214 tumors were ER-positive/HER2-negative ILC’s with low Ki-67; FDG 

uptake was sufficient for response monitoring in five (56%) of them. The triple negative 

tumor without increased FDG uptake was a grade 2 ILC with low Ki-67.

Univariable analysis showed no association of SUVmax with tumor size or lymph node 

status, but the presence of distant metastases at staging examination was significantly 

associated with higher SUVmax of the primary tumor. No difference was found between 

stage II and III (p=0.82). Significant differences in SUVmax were found according to 

Table 1  Baseline characteristics of 214 patients, subdivided by qualitative degree of FDG uptake and possibility 
of response monitoring with PET/CT. 

Sufficient FDG uptake for response monitoring

Variable No
11 (5%)

Yes
203 (95%)

Total
214

p-value

Age (years) 0.276a

  Median 53.2 49.5 49.7

  Interquartile range 43-60 50-56 41-57

T-stage 0.422b

  cT1 0 (0%) 14 (100%) 14

  cT2 9 (7%) 120 (93%) 129

  cT3 2 (4%) 50 (96%) 52

  cT4 0 (0%) 19 (100%) 19

N-stage 0.366b

  cN0 4 (7%) 52 (93%) 56

  cN1 6 (5%) 114 (95%) 120

  cN2 0 (0%) 5 (100%) 5

  cN3 1 (3%) 32 (97%) 33

Histologic type <0.001c

  IDC 5 (3%) 176 (97%) 181

  ILC 6 (26%) 17 (74%) 23

  Other 0 (0%) 10 (100%) 10

Subtype based on IHC 0.244c

  Triple negative 1 (2%) 55 (98%) 56

  HER2-positive 2 (4%) 51 (96%) 53

  ER-positive/HER2-negative 8 (8%) 97 (92%) 105

Grade (based on core biopsy) 0.061b

  1 0 (0%) 13 (100%) 13

  2 11 (10%) 101 (90%) 112

  3 0 (0%) 79 (100%) 79

  Unknown 10

Data are shown as number of patients (percentage). a Wilcoxon Rank Sum test; b Linear-by-Linear Association 
test; c Pearson Chi-Square test. Abbreviations: FDG, fluorodeoxyglucose; T-stage, tumor stage; N-stage, 
locoregional lymph node stage; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; IHC, 
immunohistochemistry; HER2, human epidermal growth factor receptor 2; ER, estrogen receptor.



PART ONE  |   PET/CT

30

histologic types, with ILC showing lowest SUVmax. ER- and PR-negativity were associated 

with a significantly increased SUVmax, but no differences in SUVmax were found for 

HER2-status. For HER2-positive tumors, we found no difference in SUVmax between 

ER-positive (n=27) and ER-negative (n=26) tumors (p=0.762) (Table 2). 

Subdividing the group of immunohistochemical HER2-positive tumors according to 

molecular subtypes did not lead to significant differences in SUVmax (p=0.172), probably 

because of the small patient population. Nevertheless, a trend was seen with low SUVmax 

in luminal A and normal-like tumors and a high SUVmax in basal-like tumors. When 

comparing three subtypes based on IHC, FDG uptake was significantly higher in triple 

negative tumors (p<0.0001). High Ki-67 receptor-expression (Spearman’s rho 0.399, 

p<0.001) and grade 3 (p<0.0001) were significantly associated with higher SUVmax. No 

difference in SUVmax was found between grade 1 and 2 (p=0.955). Significant differences 

in SUVmax were found between molecular subtypes. Subgroup analysis showed no 

differences in SUVmax between Luminal A and Luminal B tumors (p=0.62), but SUVmax 

was significantly higher in basal-like tumors as compared with other molecular subtypes. 

The univariable analysis is presented in Table 3.

The 203 patients with no missing variables were included in the multivariable analysis. 

In this model, triple negative tumors and grade 3 tumors were significantly associated 

with a higher SUVmax. Table 4 and Figure 2 depict the results of the multivariable analysis.

Table 2  Median SUVmax according to ER-status and HER2-status. SUVmax in HER2+ tumors: ER- vs. ER+ 
(p=0.762); SUVmax in HER2- tumors: ER- vs. ER+ (p<0.001); SUVmax in ER+ tumors: HER2- vs. HER2+ 
(p=0.358); SUVmax in ER- tumors: HER2- vs. HER2+ (p=0.001) All tested with Wilcoxon rank sum test.

ER

Positive Negative Total

HER2 Positive 6.2 6.2 6.2

(n=27) (n=26) (n=53)

Negative 5.5 10.8 7.1

(n=105) (n=56) (n=161)

Total 5.7 9.1 6.8

(n=132) (n=82) (n=214)



TUMOR FDG UPTAKE AND BREAST CANCER CHARACTERISTICS

31

C
H

A
P

T
E

R
  

2

Table 3  Univariable analysis of differences in median SUVmax values for different tumor characteristics of 214 
patients. 

Variable n (%) Median SUVmax (IQR) p-value

T-stage T1 14 (7) 6.9 (5.6) 0.15a

T2 129 (60) 7.1 (6.0)

T3 52 (24) 6 (6.7)

T4 19 (9) 9.4 (8.5)

N-stage N0 56 (26) 7.3 (6.1) 0.17a

N1 120 (56) 6.2 (5.2)

N2-3 38 (18) 9 (8.3)

M-stage M0 187 (87) 6.6 (5.6) 0.006b

M1 27 (13) 11.1 (9.5)

TNM-stage II 127 (59) 6.8 (5.6) 0.022a

III 60 (28) 6.5 (6.7)

IV 27 (13) 11.1 (9.5)

Histologic type IDC 181 (85) 7.1 (6.2) 0.0011c

ILC 23 (11) 4.6 (3.5)

Other 10 (5) 8.7 (11.9)

ER Negative 82 (38) 9.1 (9.1) <0.0001b

Positive 132 (62) 5.7 (4.9)

PR Negative 113 (53) 8.8 (8.1) <0.0001b

Positive 101 (47) 5.4 (4.3)

HER2 Negative 161 (75) 7.1 (6.5) 0.31b

Positive 53 (25) 6.2 (4.8)

Subtype (IHC) Triple negative 56 (26) 10.8 (9.8) <0.0001c

HER2+ 53 (25) 6.2 (4.8)

ER+/HER2- 105 (49) 5.5 (4.9)

Ki-67 (n=213)  ≤10% 80 (38) 5.4 (5.4) <0.0001b

>10% 133 (62) 8.2 (6.6)

Grade (n=204) 1-2 125 (61) 5.6 (4.5) <0.0001b

3 79 (39) 9.4 (9.0)

Molecular subtype (n=57) Luminal A 14 (25) 6.3 (6.4) 0.0007c

Luminal B 16 (28) 8.9 (5.2)

Basal 18 (32) 13.3 (8.2)

HER2-positive 6 (11) 6.3 (4.0)

Normal 3 (5) 5.5 (2.0)

a Linear-by-Linear Association test; b Wilcoxon rank sum test; c Kruskal-Wallis rank sum test. Additional 
calculations: Stage II vs. stage III p= 0.81, IDC vs. ILC p=0.0006, Luminal A vs. Luminal B p=0.62, basal-like vs. 
normal-like p=0.008 (all Wilcoxon rank sum test). Abbreviations: SUVmax, maximum standardized uptake value; 
IQR, interquartile range; T-stage, tumor stage; N-stage, locoregional lymph node stage; M-stage, detection of 
distant metastases after staging procedures; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; 
ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; IHC, 
immunohistochemistry.
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DISCUSSION

In this large series of stage II-III breast cancer patients we were able to establish that the 

clinical subtype mainly determines degree of FDG uptake. Histologic grade is also 

associated with FDG uptake, but the many other factors associated with FDG uptake in 

the univariable analysis have no contribution when clinical subtype and histologic grade 

are taken into account. There is, however, considerable overlap between the different 

groups and even ER-positive/HER2-negative grade 1 or 2 tumors may be readily visualized 

by PET/CT. Thus, it was not possible to define a clinically recognizable subgroup of 

patients with uninformative PET/CT. In fact, in only 5% of all patients the primary tumor 

was insufficiently visualized. 

The correlation between FDG uptake and histopathology has been evaluated previously 

by many other papers 16-20,27-30; sometimes with concordant results, sometimes with 

conflicting findings. In comparison with other papers, this is the largest homogeneous 

group of stage II-III breast cancer patients with emphasis on staging and response 

monitoring possibilities. Furthermore, this is the first study on molecular subtypes and 

the first evaluation with patients scanned in prone position, which facilitates comparison 

with MRI and has been shown to result in higher lesion visualization and higher semi-

quantitative values as compared with supine position.22 

Table 4  Multivariable linear model showing the effect of different characteristics on SUVmax. Only the 203 
patients with no missing variables were used in this model. The effect of age is shown per 10 years. For example, 
the effect of grade 3 on FDG uptake, as compared with grade 1-2, is an addition of 2.1 (95% confidence interval 
0.3-4.0, p=0.026) to the SUVmax. 

Age Effect Lower 0.95 Upper 0.95 p-value

Age -0.2 -0.9 0.4 0.51

T-stage 1 vs. 2 0.7 -2.3 3.8 0.19

3 vs. 2 0.9 -1.0 2.8

4 vs. 2 3.1 0.2 6.0

N-stage 0 vs. 1 -0.1 -1.9 1.7 0.38

2-3 vs. 1 1.4 -0.7 3.6

M-stage 1 vs. 0 1.9 -0.7 4.6 0.16

Histologic type IDC vs. ILC 1.6 -0.9 4.1 0.17

Other vs. ILC 3.9 -0.2 8.1

Subtype Triple negative vs. ER+/HER2- 4.9 2.7 7.2 <0.0001

HER2+ vs. ER+/HER2- -0.2 -2.1 1.8

Grade 3 vs. 1-2 2.1 0.3 4.0 0.026

Ki-67 ≤10% vs. >10% 1.3 -0.5 3.0 0.16

Abbreviations: T-stage, tumor stage; N-stage, locoregional lymph node stage; M-stage, detection of distant 
metastases at staging; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; ER, estrogen receptor; 
HER2, human epidermal growth factor receptor 2.
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TUMOR FDG UPTAKE AND BREAST CANCER CHARACTERISTICS

In the present study patients with distant disease at staging examination showed higher 

SUVmax in the primary tumor as compared with patients without distant disease, as 

metastatic disease at diagnosis is most frequently encountered in high-grade and ER-

negative tumors.31,32 No differences in FDG uptake were found in relation to tumor size 

and lymph node status. Where several groups have reported an association between 

FDG uptake and tumor size or nodal status,17,27,28 other groups could not confirm these 

findings.16,19,20,29,30

Several studies have shown that SUVmax in ILCs is lower than in other types of invasive 

carcinomas.16-20 Our study confirms this, showing that ILCs are less frequently eligible 

for response monitoring and have a significantly lower SUVmax. This is consistent with 

the fact that ILCs are usually ER-positive and of histologic grade 2.33 Nevertheless, tumor 

FDG uptake was sufficient for response monitoring in 74% of ILCs, indicating that ILCs 

should not be excluded for PET/CT beforehand based on histologic type alone.

Triple negative tumors are aggressive and have the poorest prognosis.34 The present 

study shows that in ER-negative tumors, HER2-negativity significantly increased the 

SUVmax as compared with HER2-positivity, whereas in ER-positive tumors this effect 

was not perceived (Table 2). Also, in HER2-negative tumors, but not in HER2-positive 

tumors, ER-negativity significantly increased the SUVmax as compared with ER-positivity. 

Triple negativity was associated with a high SUVmax following the multivariable analysis, 

thereby associating FDG uptake with aggressive tumors showing early recurrences or 

metastases. This has been reported in previous articles as well,16,17,28 although some early 

articles have reported opposite findings.18-20

Immunohistochemical and molecular subtyping show high concordance with the 

exception of the HER2-positive (IHC) group.35 Our study shows that these tumors show 

variable FDG uptake (Figure 3), confirming that this group is in fact heterogeneous. 

Although no significant differences in SUVmax were found regarding molecular subtypes 

in this group, a larger number of tumors would clearly be required to study this question 

adequately.

Histologic grade and proliferation index have a prognostic value in breast cancer.3,36 In 

the present study high Ki-67-expression and grade 3 were associated with high FDG 

uptake. Although accurate determination of grade is difficult in core biopsies,37 high 

grade remained significantly associated with high glucose metabolism in the multivariable 

analysis, whereas Ki-67 did not. This association has been reported previously.17,19,20

A PET/CT is an expensive procedure and in current practice its use in breast cancer 

patients is recommended only for detection of local recurrence or distant metastases 

in suspected patients.38 For staging purposes most reports exclude patients without FDG 

uptake in the primary tumor, thereby indirectly correlating the degree of FDG uptake in 

the primary tumor to the degree of uptake in the metastasis.11,12 The use of PET/CT for 

response monitoring of breast cancer is currently being investigated as well.13,14 Although 

relative change in FDG uptake was the strongest indicator for tumor response, the level 

of baseline FDG uptake provided additional information about prediction of response as 

well.15 This is not surprising, as triple negative tumors are associated with relatively high 

pathological complete remission rates.39 It is currently unclear which patients benefit 
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most from a PET/CT. Clearly, a sensitive staging procedure is most useful in tumors with 

the highest likelihood of metastasis at diagnosis and accurate treatment response 

monitoring may be most important in tumors expected to shrink rapidly when sensitive. 

Thus, triple negative and high-grade tumors may not only represent the best indication 

for PET/CT, but also have the highest FDG uptake. 

FDG uptake was sufficient for response monitoring with PET/CT in the large majority of 

this series (95%). Although we have been able to find tumor characteristics associated 

with low degree of FDG uptake (ILC, ER- and/or HER2-positive, grade 1-2, and low 

expression of Ki-67), it was not possible to select a group of patients as unlikely to benefit 

from pretreatment PET/CT based on tumor characteristics, because the majority of 

tumors with these characteristics still showed a high SUVmax (Figure 3).

In conclusion, the majority of stage II-III breast cancer patients show sufficient FDG 

uptake for response monitoring. As expected, tumors with an unfavorable prognostic 

classification according to clinical, histopathological, or molecular characteristics show 

significantly higher FDG uptake. This improves the accuracy of FDG PET/CT for tumor 

detection and optimizes the use of PET/CT for staging or response monitoring in this 

particular population. PET/CT is justified as a staging procedure in all types of breast 

cancer; based on tumor characteristics associated with low tumor FDG uptake, this 

study was unable to identify a subgroup of patients unlikely to benefit from pretreatment 

PET/CT.

Figure 3 Six breast cancer characteristics associated with a low SUVmax. The majority of these tumors are still 
visualized because of sufficient FDG uptake 
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