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Abstract
Purpose We evaluated whether the maximum standardized
uptake values (SUVmax) of primary tumor from the initial
staging by 18F-fluorodeoxyglucose positron emission
tomography/computed tomography (18F-FDG PET/CT) of
patients with breast cancer could identify patients at risk for
early recurrence within 2 years, particularly in comparison to
the American Joint Committee on Cancer (AJCC) stage.
Methods We reviewed the staging 18F-FDG PET/CT images
of patients with primary breast cancer and their medical re-
cords. The SUVmax of the primary tumor was measured. The
presence or absence of FDG uptake in the axillary lymph node
(ALN) was also assessed. The patient’s pathologic primary
tumor stage (pT), pathologic regional lymph node stage (pN),
stage grouping, age, estrogen receptor (ER) and progesterone
receptor (PR) status, and neoadjuvant chemotherapy history
were evaluated with the FDG uptake parameters for recur-
rence within 2 years following the end of first-line therapy.
Results Recurrencewithin 2 years was present in 9.1% (n=40)
out of the 441 patients assessed. The FDG uptake in ALN, pT,
pN, stage grouping and neoadjuvant chemotherapy history

were prognostic for early recurrence, while primary tumor
SUVmax, age, and ER or PR status were not significant on
logistic regression. On multivariate analysis, only the stage
grouping (odds ratio 2.79; 95 % CI 1.73, 4.48; p <0.0001)
and neoadjuvant chemotherapy history (odds ratio 2.70; 95 %
CI 1.22, 5.98; p =0.0141) could identify patients at increased
risk for recurrence within 2 years.
Conclusions Primary tumor FDG uptake measured by
SUVmax, and visual assessment of FDG uptake in the ALN
in the initial staging PET/CT of patients with breast cancer
may not have additional prognostic value compared with the
AJCC stage grouping for early recurrence.
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Introduction

Reports have demonstrated the prognostic value of FDG up-
take in various tumors, including head and neck cancer, lung
cancer and cervical cancer [1–3]. Several papers have demon-
strated the prognostic and predictive values of 18F-
fluorodeoxyglucose positron emission tomography/computed
tomography (18F-FDG PET/CT) in breast cancer as well [4–8].
Correlation between FDG uptake in breast tumor or axillary
lymph node and known various clinical or pathologic markers
of prognosis was noted in multiple other studies [9–12], but the
data appear insufficient to form a conclusion on the association
between FDG uptake and prognosis in breast cancer [13–15].

We evaluated the staging 18F-FDG PET/CT images of
patients with breast cancer who underwent definitive surgical
therapy to find out the prognostic value of FDG uptake for
identifying those at risk for early recurrence within 2 years,
especially in comparison to the pathologic stage.
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Patients and Methods

The study retrospectively reviewed the 18F-FDG PET/CT
images and medical charts of patients with breast cancer from
a single center who underwent staging by 18F-FDG PET/CT
from November 2003 to June 2009 prior to any treatment for
breast cancer. Patients who were treated with intent to cure
through definitive surgical therapy were included. The patient
received either mastectomy or lumpectomy followed by adju-
vant radiation therapy. Patients with non-operable stage IV
(distant metastasis) at the time of initial diagnosis were ex-
cluded. Patients whose primary breast tumor was completely

excised before the staging 18F-FDG PET/CT, for example
through excision biopsy or mammotome, were also excluded.
Patients enrolled in therapeutic intervention clinical trials were
also excluded. Patients without regular follow-up examina-
tions for at least 2 years after the end of first line therapy were
excluded. Patients visited the hospital every 2–3 months for
the first 2 years of follow-up. Routine examination included
mammography and breast US every 6 months. Magnetic
resonance imaging (MRI) and FDG PET/CT were not part
of routine follow-up during the study period.

The date when recurrence was first detected was
recorded. The hospital’s institutional review board approved
the study.

18F-FDG PET/CT Image Acquisition

Patients were imaged with a dedicated PET/CT scanner with
two-slice CT (Siemens Biograph Classic, Germany) before
2008, and with a PET/CT scanner with 40-slice CT (Siemens
Biograph TruePoint, Germany) afterwards. The 18F-FDG up-
take in primary breast tumor was quantified by maximum
standardized uptake value (SUVmax) measurement. The tu-
mors with no focal FDG uptake greater than the surrounding
normal breast tissue on visual analysis were considered ‘not
quantifiable’ for SUVmax. The FDG uptake in axillary lymph
node station was considered positive when the 18F-FDG ac-
tivity in ALNwas greater than surrounding fat tissue by visual
assessment. The FDG uptake in the ALN was recorded on
patient basis, and not per nodal station. Two nuclear medicine
physicians reviewed the images, and a third nuclear medicine
physician reviewed the cases with discordant interpretation to
reach a consensus.

Statistical Analysis

The patient’s age, tumor histology subtype (invasive ductal
carcinoma, invasive lobular carcinoma, invasive carcinoma
not otherwise specified, mucinous carcinoma and others),
pathologic primary tumor stage (pT: in situ, T1, T2, T3 or
T4), pathologic regional lymph node stage (pN: N0, N1, N2 or
N3), stage grouping (I, II or III), estrogen receptor (ER) and
progesterone receptor (PR) status, and history of neoadjuvant
chemotherapywere analyzed with the FDG uptake parameters
to see if the FDG uptake parameters could identify patients at
risk of early recurrence within 2 years from the end of first-
line therapy. Chi-square or Fisher exact test and t-test were
done to compare the FDG uptake and clinicopathologic pa-
rameters with the recurrence positive and recurrence negative
groups. Logistic regression was performed to see which pa-
rameters could identify the patients at higher risk for recur-
rence. Multiple logistic regression was done by backward
selection to decide on the parameters with the greatest

Table 1 Patient characteristics

Recurrence within 2 years

Parameter Total (−) (+) p valuea

Number of patients 441 401 40

Median age 50.6 50.7 48.8 0.2210

Pathologic T stage

In situ/1
2
3
4

260
164
14
3

247
142
10
2

13
22
4
1

0.0012

Pathologic N stage

0
1
2
3

285
84
50
22

274
69
42
16

11
15
8
6

<0.0001

Stage grouping

0/I
II
III

199
167
75

196
145
60

3
22
15

<0.0001

Histology

Invasive ductal carcinoma
Invasive lobular carcinoma
Invasive carcinoma NOS
Mucinous carcinoma
and others

366
10
34
31

329
10
33
29

37
0
1
2

Neoadjuvant therapy

No
Yes

386
55

360
41

26
14

<0.0001

ER

−
+

153
288

134
267

19
21

0.070

PR

−
+

184
257

162
239

22
18

0.065

Primary tumor SUVmax

Focal FDG uptake (−)
Focal FDG uptake (+)
Mean SUVmax ± SD

38
403
4.2±3.1

38
363
4.1±3.1

0
40
4.9±3.0

0.1578

Axillary LN FDG uptake

Imperceptible
Perceptible

271
170

253
148

18
22

0.0250

a Values in italics are statistically significant

264 Nucl Med Mol Imaging (2013) 47:263–267



prognostic value. SAS system for Windows version 9.2 was
used for statistical analysis.

Results

Of 529 included patients, 67 patients who did not have cura-
tive surgery and 21 patients with incomplete medical history
were excluded. A total of 441 breast cancer patients who had
surgery and received treatment with curative intent were eval-
uated. There were 55 patients who received neoadjuvant
chemotherapy prior to surgery, and 98 patients who received
adjuvant radiation therapy following surgery. Of the 441
patients assessed, 401(90.9 %) patients remained disease-

free for at least 2 years from therapy. The other 40 (9.1 %)
patients had recurrence within 2 years from the end of initial
therapy. The patient characteristics are shown in Table 1.

On PET/CT, 38 (8.6 %) of patients had 18F-FDG uptake in
the primary tumor no greater than the physiologic breast
parenchyma, and the tumor could not be clearly delineated
in the PET images. The other 403 patients had mean SUVmax

of 4.2 (range 0.7–22.6) in the primary tumor. And 170
(38.5 %) patients had visually perceptible 18F-FDG uptake
in axillary lymph node (ALN) that could be delineated from
the surrounding fat tissue.

Comparing the recurrence negative and recurrence positive
groups, there was a significant difference between the two
groups for the following parameters: pathologic T stage, path-
ologic N stage, stage grouping, neoadjuvant chemotherapy
history, and FDG uptake in ALN. No difference was seen
between the recurrence negative and positive groups for ER
and PR status, age and SUVmax of the primary tumor.

On logistic regression, pathologic T stage, pathologic N
stage, stage grouping, neoadjuvant chemotherapy history and
FDG uptake in ALN were predictive of recurrence within
2 years (Table 2). However, on multivariate analysis, only
the stage grouping and neoadjuvant chemotherapy history
were significantly associated with early recurrence.

Patients who had surgery without neoadjuvant chemother-
apy were assessed separately, and only the negative PR status
(odds ratio 3.18; 95 % CI 1.35, 7.52; p =0.0083) and stage
grouping (odds ratio 3.05; 95% CI 1.74, 5.34; p <0.001) were
predictive of early recurrence.

Discussion

In different cancers, the patients within the same TNM group
have different prognosis depending on FDG uptake findings
or quantification values. One prospective cohort study dem-
onstrated FDG PET’s striking ability to stratify cervical cancer

Table 2 Statistical analysis

Logistic regression

Parameter Odds
ratio

95 % confidence
limits

p valuea

T stageb 2.11 1.21, 3.81 0.0078

N stage

N1 vs N0 5.42 2.38, 12.31 0.2446

N2 vs N0 4.75 1.80, 12.48 0.5714

N3 vs N0 9.34 3.06, 28.50 0.0252

Stage groupingb 2.93 1.74, 5.13 <0.0001

Neoadjuvant chemotherapy
done

4.73 2.29, 9.77 <0.0001

FDG uptake present in ALN 2.09 1.09, 4.02 0.0275

Multiple logistic regression

Stage groupingb 2.79 1.73, 4.48 <0.0001

Neoadjuvant chemotherapy
done

2.70 1.22, 5.98 0.0141

a Values in italics are statistically significant
b Odds ratio shown per one categorical unit increase to the next advanced
stage

Fig. 1 A 24-year-old patient was diagnosed invasive ductal carcinoma.
The FDG uptake in breast cancer (a) and axillary lymph nodes (b) is faint
and difficult to define. T2 primary tumor and 3 axillary lymph nodes with

metastases were confirmed on surgery. The patient had follow-up PET/
CT 14months later, which showed newly developedmoderate focal FDG
uptake in right axilla (c), and biopsy confirmed metastatic carcinoma
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patients further within the same TNM stage group [16]. This is
plausible as increased FDG uptake represents increased glu-
cose metabolism, a hallmark of cancer cells. Even for two
patients who share the same staging based on anatomical
features, the disease entities at the molecular level could be
different, and further stratification of the patient according to
the biological behavior of the cancer cells seems reasonable.

For breast cancer, there have been studies that linked the
FDG uptake in tumor with various known prognostic markers
such as tumor size, histologic grade, hormone receptor status,
Ki-67 index, Her2 expression, and nuclear grade [9–12].
Studies showed peak SUV in breast tumor correlating to
the actual overall survival and disease-free survival [5] or
computer program-derived simulated prognosis [8]. Another
study with 44 patients suggested a new index of SUVmax/
ADC (apparent diffusion coefficient) could predict worse
prognosis [17]. Other studies showed FDG PET findings
could identify patients at risk of recurrence with more accu-
racy than conventional TNM staging [7] or clinical tumor
characteristics [18].

However, it is also known that FDG PET can have low
overall sensitivity for breast cancer, especially in small tumors
less than 1 cm in size or in situ cancers, and has been sug-
gested for use in only a subset of patients. Neither can FDG
PET replace surgical axillary lymph node staging due to the
low sensitivity [19]. Though a number of studies showed that
increased FDG uptake means unfavorable outcome, routine
use of FDG PET as a prognostic biomarker is argued against
[13, 20]. We wanted to find out how our institution’s data
acquired in routine clinical practice compare with the previous
reports either suggesting or discouraging the use of FDG PET
as a prognostic marker.

Contrary to the reference mentioned above, in our study the
SUVmax did not vary meaningfully between the recurrence
positive and negative groups, and the higher SUVmax did not
have statistically meaningful risk for poor prognosis (Fig. 1).
However, this study has the limitation that we combined the
SUVmax measurements acquired from two different PET/CT
scanners for assessment. Though we made our best efforts to
control other biological and technical factors that could influ-
ence the SUV measurement, difference in quantification
would be inherent in this study population. Regarding the
axillary LN, we did not include quantitative measurement of
FDG uptake because we thought the very low SUVin many of
the axillary LNs could not be accurately and reliably
reproduced. We also did not measure all possible parameters
from the FDG PET images. Documented parameters such as
metabolic tumor volume (MTV) and tumor lesion glycolysis
(TLG) were not included for analysis in this paper because the
readers showed very high inter- and intra-reader variability. If
measured after the optimal threshold and delineation method
are defined in detail, MTV and TLG could provide more
important clinical data.

As patients with bulkier tumors were candidates for neo-
adjuvant chemotherapy, we separately evaluated patients who
had surgery without the neoadjuvant therapy to eliminate the
possible bias. Similar results showed no further prognostic
information provided by FDG PET/CT in addition to the stage
grouping.

Current research on genetic and molecular markers of
breast cancer may be able to accurately stratify breast cancer
patients according to prognosis and allow fine tuned thera-
peutic planning [21, 22]. Our results suggest that the tumor
SUVmax, which is the most commonly measured metric from
the FDG PET/CT images, may not provide further prognostic
value compared with the classic cancer stage grouping.

Conclusion

In patients with operable breast cancer, the SUVmax of primary
tumor measured from staging 18F-FDG PET/CTmay not have
additional prognostic value beyond the classic TNM staging
group.

Disclosure The authors report nothing to disclose.
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