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Abstract

Purpose: This study analysed retrospectevely the impact of 18F-FDG-PET/CT initial staging, in women with poor
prognosis factors breast cancer, in our usual practice.

Methods: From January 2009 to December 2012, initial breast cancer underwent PET/CT in 298 women with
one of these poor prognosis factors: Her-2+ or triple negative phenotype, Ki 67 ≥ 14%, tumoral size and/or positive
axilary lymph nodes. Only 254 patients diagnosed with mammography, ultrasonography, MRI, and bone scintigraphy
accomplished inclusion criteria.

Results: 18F-FDG-PET/CT changed 13.4% to IV clinical stage, detected metastatic disease in 3.3% of patients
with stage I, 13% with stage II and 17.4% with stage III. Statistical significance was found between the PET/CT
metastatic disease findings and patients with stage IIB and III(A-C)(OR:3.04;IC95%:1.2-7.2;p=0.009). PET/CT also
revealed N3 disease in 7.9%. According to the location, visceral affectation was found in 4.7% of the patients,
metastatic lymph nodes in 3.2% and secondary bone disease in 8.7%. Her-2 negative and hormonal positive
receptors group submitted a higher incidence of distant metastases, 15.5%. The more visceral and lymph node
disease (N3 and distant-M1) was found in the triple negative group. Metastatic disease was observed in 28.6% of
the patients above 70 years, a higher incidence than those patients with lower age (OR: 3.7; IC95%: 1.7 - 8; p =
0.01).

Conclusion: 18F-FDG-PET/CT showed to be useful in the metastatic disease detection from IIB stage patients in
initial poor prognosis breast cancer patients. The incidence of distance affectation was higher in patients above 70
years and in the Her-2 negative and hormonal positive receptor group.

Keywords: 18F-FDG-PET/CT; Breast cancer; Her-2; Hormonal
receptors; ki67

Introduction
Breast cancer is the most common tumor and the first cause of

women cancer mortality in our area [1]. The incidence has
progressively increased in the last decades, at the same time diagnosis
and therapeutic strategies has been improving. Nowadays, different
imaging techniques are available in the loco-regional diagnosis, such a
mammography, ultrasonography and breast MRI [2,3], with high
sensibility and specificity. Although in the metastatic disease study we
do not have a “gold standard” technique, in the last years some reports
have documented the value of 18FDG-PET-CT in patients with locally
advanced breast cancer and it has been used in clinical practice. Also it
has shown a very high yield in terms of finding extra-axillary nodal
involvement in patients who were not suspected of having it and of
distant lesions. In these patients with poor prognostic factors,
performing 18FDG-PET-CT might modify the treatment course by
revealing occult distant metastases.

In using 18F-FDG the nature of the tumor and metastases can be
evaluated at an earlier time than any other anatomic imaging study.
When an unexpected focus of FDG uptake is detected during and FDG

examination it is necessary to explore with other techniques or biopsy
because of the high risk of malignancy.

FDG uptake intensity correlates with breast cancer grade. There is
also a correlation between the tumor proliferation index and the
intensity of FDG uptake as well as HER2/neu expression. Triple
negative breast tumors are currently a subject of major interest
because of their aggressiveness, poor prognosis and lack of targeted
therapy.

For this reason, the aim of this study is to evaluate the utility of
PET/CT in the initial breast cancer staging, and determine the
correlation between findings in PET/CT and the clinipathologic and
inmunohistochemical factors in a group of women with poor
prognostic factors breast cancer.

Study Design

Inclusion criteria
This retrospective study was carried out in the La Paz Universitary

Hospital, Madrid, and the data of 254 newly diagnosis breast cancer
patients without known metastatic disease were gathered and analyzed
between January 2009 and December 2012. In those patients with at
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least one of this poor prognosis factors: Her-2 positive, triple negative
tumor phenotype, tumoral size more than 2 cm, Ki 67% higher or
equal value of 14% and/or positive axilar lymph node, underwent 18F-
FDG-PET/CT as imaging technique of choice for the patients of our
study.

Initially 298 patients were analyzed, but only were selected for the
study those patients with ductal or lobulillar histology. Ten patients
were excluded due to their uncommon histopathology
[neuroendocrine, sarcomatoids, squamous o microcytic carcinoma].
Of the 288 remaining patients were ruled out six patients with a
initially stage IV diagnosis, five of them had spine bone affectation,
including one with a medullar compression, and the other one showed
liver injury in the blood analytics. Also were excluded seven patients
who had a previous cancer and one diagnosed of breast and ovarian
hereditary syndrome cancer. Finally, 20 patients were left out from the
study because the follow-up was not available in our hospital.

Loco-regional and histology diagnosis
Local: For initial imaging, mammography and ultrasounds were

performed in all patients and breast MRI was done in some selected
cases when it was suspected of mulricentricity or the results of the
other imaging modalities were inconclusive.

Histological: The histological diagnosis was done by CNB [core
needle biopsy]. The molecular parameters analyzed were hormonal
receptors [estrogenic and progestagen], human epidermic growth
factor receptor 2 [Her-2] and profileration index Ki67. The Ki67 cutoff
was 14%, according to the current criteria of Saint Gallen 2011 at the
time of data collection [4]. Nowadays, according to the new criteria of
Saint Gallen 2013, the Ki67 cutoff is 20% [5]. Those cancer with
negative estrogenic and progestageno receptors and Her-2 was
considered triple negative phenotype.

Axillary study: In patients with negative axillary lymph nodes by
clinic and ultrasound, criteria similar to the last consensus of selective
lymph node biopsy [SLNB] [6], SLNB was done to the breast cancer
regional staging [7].

Metastatic disease diagnosis
PET/CT: PET/CT acquisition was done by habitual protocol in our

hospital. This require patients were not allowed to consume any
beverages for at least 4-6 hrs prior to the start of the study, images
were acquired from head through mid-thigh obtained at least 45 min
after radiopharmaceutical injection with the appropriate acquisition
and reconstruction parameters with low dose CT and later PET images
during 15-35 minutes. Finally images were reported by a Nuclear
Medicine physician. In the 33.9% of patients, PET/CT was done after
breast tumor surgery.

Bone scintigraphy: Also, to evaluate the bone affectation in the 254
patients, whole body 99mTc-MDP bone scintigraphy was performed,
due to it fixed to osteoblastic areas demonstrating indirect information
of bone tumoral viability. Planar whole body images were obtained in
anterior and posterior views with double-headed scans, RCE
collimator [LEAP90] and matrix size 256 × 256, 2-4hours after
injection of 20mCi-740 MBq [0,28 mCi/Kg weight]. Bone uptake was
analysed as positive, negative or dubious for osseous metastases.

Other: Other complementary studies, imaging techniques, FNAB
(fine needle aspiration biopsy) and needle biopsy uses X-ray

equipment were performed to evaluate those doubtful findings in
PET/CT.

Statistical analysis
Pearson´s chi-square test was used to compare the different

variables, all the analyses were conducted using statistical program
SPSS 18 for Windows. Authors established a level of statistical
significance of p < 0.05.

Results

Clinical-pathologic characteristics
Age: The diagnosis mean age of the 254 patients was 58yr, range

between 25yr and 93yr. The 52% was between 50yr and 70yr. The
28.7% include patients with 49yr or less, and the 19.3% had an age
equal to or greater than 71yr.

Stage: According to the AJCC 7th edition, 11.8% of the patients had
stage I, 54.2% stage II and 33.9% stage III.

Histology: The 12.6% of breast cancer were lobulillar carcinoma
and the 87.4% were ductal carcinoma. The 82.4% of ductal carcinoma
showed a medium or high degree of differentiation (G1 7.2%, G2
28.4%, G3 54%, unknown 10.4%).

Molecular phenotype: The positivity for hormonal receptors was
found in 180 patients, 70.9%, and were negative in the rest of patients
(29.1%). 158 patients had positive estrogenic and progesterone
receptors at the same time, 20 patients had positive estrogenic
receptors and negative progesterone receptors and 1 patient was
positive only for progesterone receptor.

Her-2 status was determined by immunohistochemical test. The
doubtful cases with this technique were performed the fluorescence in
situ hybridization (FISH). According to the previously described,
76.4% breast cancer were Her-2 negative. Her-2 positivity was found
in the 23.6% of the cases and the 53.3% of them had positive hormonal
receptors and the 46.7% was negative. The 98.3% of tumors which
overexpressed Her-2 were ductal carcinoma.

Triple negative tumors were 18.1% of the total, in the 95.5% of this
molecular phenotype the Ki67 index was equal to or greater than 14%
(OR: 7; IC 95%:1.6-30.1; p < 0.05). The Ki67 proliferation index was
equal to or greater than 14% in the 76.4% of the patients, less than 14%
in the 20.9% and unkown in the 2.7% of the cases.

PET/CT findings
Stage: 18F-FDG-PET/CT detected metastatic disease in 34 of the 254

patients with breast cáncer included in the study, 13.4%. It changed to
stage IV in one of the 30 patients in stage I (3.3%), in 18 of the 138
patients in stage II (13%) and in 15 of the186 patients in stage III
(17.4%). According to the sub-stages PET/CT changes were recorded
in the 4% of the patients with stage IA, none patients in stage IB, in the
8.1% in IIA, 18.7% in IIB, 10.6% in IIIA, 26.3% in IIIB and 25% in
stage IIIC. A statistical significance was found in those patients with
IIB, IIIA, IIIB y IIIC stages and metastatic findings in the PET-CT
(OR: 3.04; IC 95%: 1.2-7.2; p = 0.009) (Figure1).
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Figure 1: 18F-FDG PET/TC positive uptake in bone metastases with
negative bone scintigraphy. A) MIP reconstruction in whole body
PET study. B) Tranaxials views of CT, PET amd PET/CT fusion
study with lytic bone lesion in D5 with pathologic uptake. C)
99mTc-HMDP whole body bone scintigraphy and thorax selective
images without visualization of bone uptake.

Age: The presence of metastatic disease was seen in 14 of the 49
patients with age above 70 years. (28.6%; OR: 3.7; IC 95%: 1.7- 8; p<
0.05). In the group of patients under 50years the distance involvement
occurred in 11 of 73 (15, 1%) and in the group between 50 and 70
years, 9 of the 132 patients (6.8%).

Location: According to the location, the visceral disease was 4.7% in
patients with breast cancer who switched to disseminated disease. The
most frequently affected was the lung with 9 cases; follow by the liver
in 3 cases. PET/CT did not find uptake in other organs, like the brain.
The extra-axillary nodal affectation was confirmed in the
supraclavicular region [N3] in the 7.9% and metastatic nodal disease
was seen in 8 of the 254 patients (8.7%).

The sensibility of PET/CT of visceral and lymph node disease was
100% and the specificity 86.2%. Four cases was identified as false
positives, three of them in relation to inflammatory disorders [two
with lymph node reactive pattern and other with diverticulitis], and
one compatible case with benign adrenal gland.

Bone involvement was found in 22 of 254 patients (8.7%). The more
frequent location was dorsal spine. In this case the sensibility of
PET/CT was 95.6%. One case was false negative, new blastic bone
lesions were seen in the bone scintigraphy one month later. Also the
7.5% of the bone lesions were classified in the PET/CT as uncertain,
requiring bone scintigraphy or follow-up to confirm the diagnosis.
Finally, none of these lesions were metastatic disease. In 8 patients
(3.1%) visceral /nodal and bone disease occurred simultaneously.
Moreover, in three cases PET-CT helped with the diagnosis of two
colloid goiters and one ovarian mucinous cystoadenoma.

Molecular phenotype: The group with positivity for hormonal
receptors and negative Her-2 status globally showed more metastatic
disease (15.5%). However, the location analysis, visceral and bone
involvement, was prevalent in the positive Her-2 and negative
hormonal receptors group, with 7.1% and 10.7% respectively. For
lymph node disease, metastatic as well as N3, triple negative tumors
were the most frequency. In either cases was found statistical
significance (Figure 2).

Figure 2: 18F-FDG false positive uptake en minor pelvis. A) MIP
reconstruction in whole body PET study. B-C) Coronal and
transaxials views of CT, PET and PET/CT fusion study. 18F-FDG
pathologic uptake in tissue attenuation lesion in right pelvis. Finally
histology in relation to diverticulitis.

Discussion
The locoregional breast cancer staging 18F-FDG-PET-CT has

presented a low sensibility, for the detection of subcentimeter and/or
multiples, and also to localize those tumors with low proliferation
index or lobulillar histology [8-11]. The size and the accuracy for
detection increase in parallel, in Jin Choi et al [9] the sensibility is
100% in breast cancer higher than 2 cm, it means, patients from IIA
and IIB stage (7th AJCC edition).

According to molecular phenotype is known that Her-2 expression
does not correlate with increased 18F-FDG uptake [9]. This uptake is
low in cases of osteoblastic bone lesions [10]. In our study positive
Her-2 tumors were associated with significant bone metastasis, almost
30% of the bone lesions, most of them osteoblastic. The confirmation
was done by bone scintigraphy and in three cases required bone
histological analysis.

However, a significant number of breast cancer patients have
osteolytic bone lesions, so bone scintigraphy is a technique with risk of
false negative. Also other risk of bone scintigraphy is the rate of false
positive because of bone injuries. For this reason, the use of PET-CT
has shown a higher detection range for osseous metastases than
conventional imaging techniques, due to the integration of
morphological and functional images [12,13]. Triple negative breast
cancer metastases show higher FDG uptake [14]. This relation was
checked significantly in our study, more than 95% of triple negative
tumors had a high proliferation index (ki67 ≥ 14%). Moreover, this
molecular phenotype presented greater lymoph node [metastatic and
N3] and visceral involvement at the same time. The higher 18F-FDG
uptake in PET-CT was associated with the more aggressive and worse
prognosis breast cancer.

Sentinel lymph node detection (SLND) has shown a higher
sensibility and specificity than PET-CT in breast cancer with
locoregional axillary involvement. PET-CT has a similar sensibility as
axillar ultrasonography [15]. Although to detect infra/supraclavicular
and internal mammary chain lymph nodes PET/CT suggest greater
effectiveness compared to other imaging techniques [16-18]. So
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PET/CT is not the imaging technique of choice for locorregional
disease.

In newly diagnosis breast cancer patients, the use of PET/CT to
initial extension study is recommended starting from IIB stage; in the
18.7% of the patient unknown metastatic disease was discovered. From
the therapeutic point of view, the stage changing avoid unnecessary
mastectomy more/less lymphadenectomy in this patients group. This
also avoids negative psychological impact without benefits in overall
survival [19,20].

Other advantage was the improvement of quality of live in these
patients because the intensity of chemotherapy was reduced after
PET/CT findings due to not being potentially curable. The last
advantage was reducing costs by avoiding surgical and radiotherapy
treatments and the complications arising.

As authors have mentioned above 34 of the 254 patients included
[13.4%] were diagnosed of metastasic disease. If researchers excluded
the 104 patients with stage I and stage IIB the percentage of patients
affected would be almost 18%. Reviewing the other two studies with
larger number of patients of the usefulness of the PET/CT in breast
cancer, authors observed that the percentage of metastasic disease was
10% of 70 patients [10] and 20.9% of 254 patients [21]. In the latter
study they only included patients with II or III stage and the
established recommendation for performing the PET-CT was from
stage IIB, as in our study. Although the characteristics between the
studies were very different. In our population 93.7% of the patients
with IIB stage belonged to the subgroup T2N1 versus 58.9 % in the
Groheux et al [21], where the metastasis disease was 10.7% for this
subgroup.

According to the age distribution, the patients above the 70 years
old had more diagnostic yield, in 28.6% of these patients was found
distant disease. The 26.5% had 76 or more years and only 2.1% has and
age between 70 and 76 years. Only in those patients with a good
performance status underwent PET/CT, for this reason the incidence
of this group could be underestimated. In the other two age groups the
majority of the patients met criteria for the PET/CT performance.
Only 9 of the 132 patients (6.8%) in the age group between the 50 and
70 years showed metastasic disease. Nowadays this is the group where
the breast cancer screening is performance. This data might suggest
the effectiveness and adequate monitoring of our patients. However
authors cannot forget the patients below the 50 years, 73 in our study,
because the breast cancer is the leading cause of death in women
between 40 and 80 years in our country, even so the lowest rate of
deaths for this cause in Europe [1].

Conclusion
The 18F-FDG-PET/TC showed to be useful in breast cancer

metastatic disease detection in patients from IIB stage, in our clinical
practice. The incidence of metastasis was higher in those patients
above the 70 years and in the HER-2 negative and hormonal positive
receptor group. Although the tumours with higher proliferation index
(Ki67) and more visceral and lymph nodes disease (N3 and M1)
altogether was found in the triple negative breast cancer group.

Ethical approval: All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable ethical

standards. However, this is a retrospective analysis and for this type of
study formal consent is not required.

Informed consent: Informed consent was obtained from all
individual participants included in the study.
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