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Abstract

Background: Breast cancer is the most common cancer type in women and the most common cause of deaths in
women worldwide.
FDG-PET/CT was used in the early stage, estimation of the therapeutic response, revelation of recurrent disease, and
distal metastasis. However, with the increasing use of FDG PET/CT, sites of accelerated activity have been
occasionally found out in unexpected locations which may not correlate with the patient’s clinical history or the
expected propagation of the primary malignancy.
The aim of this study is to detect the diagnostic value of PET/CT in breast cancer patients; comparing PET/CT
performance with that of contrast-enhanced CT in diagnosis of breast cancer and distant metastasis.

Results: The study included 30 female patients with breast cancer, mean age 53.56 years ± 10.64 (SD), age range
33–73 years. PET/CT detect contralateral breast affection in 2 patients (6.7%), and distant metastasis was seen on
PET/CT. Sites of distant metastasis included the bone (n = 12), axillary lymph nodes (n = 11), cervical lymph nodes
(n = 6), mediastinal lymph nodes (n = 12), abdominal lymph nodes (n = 8), liver (n = 5), lung (n = 11), and other
visceral sites metastasis (n = 9). PET/CT detected breast lesions with a sensitivity of 100% and specificity of 95.4%. In
contrast, the sensitivity and specificity of CT alone were 81.2% and 90.4%, respectively.

Conclusion: PET/CT has superiority over CT alone in revelation of breast lesions and distant metastases.
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Background
Breast cancer is the most common cancer type and the
most common cause of deaths in women worldwide [1].
Many risk factors are well-known; however, the exact

causes of breast cancer have not been identified. Family
history of breast cancer, for example, is a well-known
factor that increases risk by a factor of two or three.
Also, mutations such as BRCA (1 and 2) and p53 are
considered to convey a very strong risk of developing
the disease [2].

FDG-PET/CT is used in the early stage, estimation
of the therapeutic response, revelation of recurrent
disease, and distal metastasis. However, with the in-
creasing use of FDG PET/CT, sites of accelerated ac-
tivity have been occasionally found out in unexpected
locations which may not correlate with the patient’s
clinical history or the expected propagation of the
primary malignancy [3].
Positron emission tomography (PET) with or with-

out integrated computed tomography (CT) using
18F-fluorodeoxyglucose (FDG) is based on the
principle of increased glucose metabolism in malig-
nant tumors and has been investigated frequently in
breast cancer [4].
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The increased metabolic activity in oncological cells
is the key point when thinking about the importance
of FDG-PET imaging for detection of malignant
tumors [5].
Many researches have demonstrated the advan-

tages of PET/CT over conventional imaging modal-
ities in detecting lymph nodal metastasis, including
infraclavicular, supraclavicular, and internal mam-
mary lymph nodes. Detection of such disease in-
volvement may upstage patients to stage III impact
prognosis and may change the patient’s initial treat-
ment strategy to include for example, resection of
infraclavicular nodes or radiotherapy to extraaxillary
nodes [6].
Estimating the sensitivity and specificity of contrast-

enhanced CT (CECT) and PET/CT for re-staging of pa-
tients with dubious recurrence of breast cancer and
complemented that FDG-PET/CT can ameliorate sta-
ging and therefore impact clinical management in pa-
tients with suspected cancer breast recurrence and
distant metastatic disease [7].
The aim of this study was to detect the diagnostic

power of PET/CT in breast cancer patients. We com-
pared the performance of PET/CT with that of CECT in
detected breast cancer and distant metastasis.

Methods
This is a prospective study carried out at the authors’ in-
stitution from January 2016 to December 2017. It in-
cluded 30 female patients of ages ranged from 33–73
years with mean age of 53.5 years. All patients had
pathologically proven breast cancer.

Ethical consideration
Consent was taken from patients or their relatives before
doing PET/CT, and they had the right to refuse at any
time. The study was approved by the Research Ethics
Committee of our Institute and the Research Ethics
Committee of the Faculty of Medicine.
In this prospective study, 30 female patients who were

diagnosed as breast cancer and started treatment then
came to do whole body PET-CT and contrast-enhanced
CT to assess the breast cancer and search for metastasis
and recurrence. All patients were followed up for period
range between 6 and 12months.
All patients were subjected to the following: full his-

tory taking and laboratory investigation as blood glucose
and serum creatinine.
All exams were performed using a Siemens Biograph

dual source mCT20 Excel PET/CT, equipped with 128
slices CT.
The patients were submitted for the study and

reviewed against inclusion and exclusion criteria as
follows.

Inclusion criteria were all cases of histologically
proven breast cancer. Some cases were positive opera-
tive history (modified radical mastectomy, simple
mastectomy, and lumpectomy). The study included
patients who received chemotherapy with last cycle
for more than 3 weeks and radiotherapy with last ses-
sion for more than 2 months.
Exclusion criteria were early post-operative cases, un-

controlled diabetic patients, and patients with impaired
renal function.
All patients underwent 18F-FDG PET/CT examina-

tions using a dedicated PET/CT scanner equipped
with a 128-slice CT system (Siemens, Biograph mCT
128; Siemens Medical Solutions, Knoxville, USA). Pa-
tients fasted for about 6 h before the injection time.
Serum glucose levels were measured before injection
to confirm euglycemia (blood glucose level < 160 mg/
dL). Then, 370–550 MBq of 18F-FDG was injected
with a saline infusion in the antecubital vein depend-
ing on the weight. Patients were asked to drink 750
mL of 5% mannitol as a negative oral contrast during
the uptake phase. Approximately after 60 min from
injection, PET/CT scans were performed. Scanning
was performed in a supine position with patient’s
arms rested above the head.
A low-dose CT scan, for attenuation correction

and anatomical mapping. The acquisition was per-
formed in helical mode from the skull base to mid-
thigh, using 150 kV, 50 mAs, and a 512 × 512
matrix size, acquiring a field of view (FOV) of 780
mm in about 20 s.
The emission PET scan was acquired, after the low

dose CT, in a three-dimensional mode (3D) from the
skull base to mid-thigh. Imaging was performed, using
sequential overlapping bed positions with the acquisi-
tion time of 3 min per bed position. The number of
bed positions depends on the patient’s height with
one-slice overlap at the borders of the FOV. Dead-
time correction and online delayed coincidence sub-
traction were used to correct for random coinci-
dences. The low-dose CT images were rescaled to
produce attenuation correction values for the PET
scan. Image reconstruction was based on point-spread
function (PSF) together with time of flight (TOF) (Sie-
mens “ultra-HD·PET”; iterations, 2; subsets, 21). The
projection data were reconstructed by 3-mm slice
thickness. Gaussian filter (FWHM, 2 mm) was used
for the reconstructed data. Finally, the low-dose CT
was reconstructed using a convolution kernel B20f
body filter.
Following PET imaging, volumetric contrast-enhanced

CT scanning was performed from the skull base to mid-
thigh on the same PET/CT machine using the helical
120-slice multi-detector CT system of the PET/CT
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scanner. Intra-venous contrast was given at a rate of
1.5 ml/kg with overall dose ranging from 80 to 100
ml. The CT acquisitions were performed using a 1.2-
pitch and 20 × 0.6 mm collimation for detector con-
figuration. The gantry rotation time was 0.5 s, field of
view of 78 cm, and reconstruction matrix of 512 ×
512. Automated exposure control was applied for all
patients (CARE Right, Siemens Medical Solutions,
Forchheim, Germany) with 120 kV tube potential and
the average mAs of 150. Trans-axial images were re-
constructed at 1.5-mm slice thickness in 1-mm incre-
ment using a convolution kernel B20f body filter. For
multi-planar evaluation, coronal and sagittal images
with a 1.5-mm slice thickness in 1-mm increment
were reconstructed.
Images were reconstructed and viewed on workstation

which provided multi-planar reformatted PET, CT, and
fused PET/CT images as well as MIP PET images in
video mode.

Interpretation of images
Images were assessed by two radiologist, one of them
with 10 years’ experience in PET/CT analysis, the other
with 3 years of experience in PET/CT. Conjoined, both
were aware of clinical data. Both radiologists revised the
images together till full agreement.
Different methods were used for assessment of radio-

tracer uptake by normal and pathologic tissues; analysis
of PET images was via visual and semi-quantitative as-
sessment (SUV max measurement). Active lesions were
recorded at areas of high FDG uptake. SUV max was
measured at each lesion and compared to background
activity. The standard background activity was measured
at the liver (right lobe). In patients having diseased liver,
the background activity was measured at the mediastinal
blood pool.

Reference standard
The diagnosis of the breast cancer, recurrence, and dis-
tant metastasis was made after histo-pathological ana-
lysis and clinical and imaging follow-up.

Statistical analysis of the data
Data were fed to the computer and analyzed using the
IBM SPSS software package version 20.0. (Armonk, NY:
IBM Corp). Qualitative data were described using num-
ber and percent. The Kolmogorov-Smirnov test was
used to verify the normality of distribution; quantitative
data were described using range (minimum and max-
imum), mean, standard deviation, and median. Signifi-
cance of the obtained results was judged at the 5% level.

Results
The study included 30 female patients with breast can-
cer, the mean age ± standard deviation (SD) 53.56 ±
10.64 years, age range 33–73 years.

Value of PET/CT scan
Detection of the contralateral breast affection in 2 pa-
tients (6.7%) and distant metastasis were visualized on
PET/CT (Fig. 1). Sites of distant metastasis included the
bone (n = 12) (Fig. 1b2), axillary lymph nodes (n = 11)
(Fig. 1a2), cervical lymph nodes (n = 6), mediastinal
lymph nodes (n = 12), abdominal lymph nodes (n = 8),
liver (n = 5), lung (n = 11), and other visceral sites me-
tastasis (n = 9) (Table 1).

Comparison between PET/CT and contrast-enhanced CT
to detect breast lesion of both breast in 30 patients with
breast cancer
We compare the performance of both PET/CT and
contrast-enhanced CT techniques to detect breast lesion
of both breast in 30 patients with breast cancer. The true
total positive cases by PET/CT were 16 patients, 2 false
positive patients, 42 true negative patients, and no false
negative case (Table 2).
The sensitivity, specificity, accuracy, and positive

and negative predictive value of FDG-PET/CT and
contrast-enhanced CT in all breast lesion cases were
as follows: the sensitivity of PET/CT examinations
was 100%, specificity was 95.4%, positive and nega-
tive predictive values of PET/CT were 88.9% and
100% respectively, while the sensitivity of CT alone
was 81.2%, specificity was 90%, positive and negative
predictive values were 76.4% and 93% respectively
(Fig. 2a2) (Table 3).

Comparison between PET/CT and contrast-enhanced CT
to detect distant metastasis in 30 patients with breast
cancer
Currently, the performance of both PET/CT and con-
trast enhanced CT techniques were compared to de-
tect distant metastasis in 30 patients with breast
cancer. The true total positive cases by PET/CT were
20 lymph nodes, 11 bone lesions, 11 pulmonary nod-
ules, 4 hepatic lesions, and 8 other visceral metasta-
ses. The false negative cases by PET/CT were 1 bone
lesion, 1 hepatic lesion, and 1 other visceral metasta-
ses (Fig. 2b2). The false positive cases by PET/CT
were 2 lymph nodes and 2 other visceral metastases.
The true negative cases by PET/CT were 8 lymph
nodes, 18 bone lesions, 19 pulmonary nodules, 25
hepatic lesions (Fig. 2c2), and 19 other visceral metas-
tases (Table 4).
The sensitivity, specificity, accuracy, and positive and

negative predictive value of FDG-PET/CT and contrast-
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enhanced CT in lymph nodes, bone, lung, liver, and
other visceral metastasis (Table 5)

Discussion
Breast cancer is the most frequently diagnosed cancer
in women. It affects more than 1 million women
worldwide [8].
This study is prospective evaluation of patients suffer-

ing from breast cancers.
It included 30 female patients with age range 33–73.

All patients were known to have breast cancers and were
referred for whole body PET-CT scans.
In this study, PET/CT has detected lesions in the

contralateral breast in 2/30 patients (6.7%) that was
not detected by CT study providing advantage of
fused PET/CT study over CT study alone; this
comes in agreement with Ingrid et al. [9] who stated
that PET/CT depicted additional lesions not visible
at CT study alone and with Lim et al. [10] who

stated that the advantage of PET/CT in front of
other imaging modalities is the capability to discov-
ered unsuspected distant metastases during a single
whole-body examination.
In this study, 12/30 cases (40%) were diagnosed with

bone metastases. Osteoblastic, osteolytic, and mixed
bone metastases were detected by CT and PET/CT
which comes in an agreement with Piva et al. [8] who
stated that the skeleton is the most common site of dis-
tant metastases in breast cancer.
In current study, we detected metabolically active

FDG avid bony metastases in 40% of cases with 7
cases mixed lytic/sclerotic lesions, 3 with marrow-
based lesion, and 2 with lytic lesions. Also, we found
patients (3/30) who present a bony lesion with only
marrow activity and no corresponding CT changes
(marrow-based early metastatic deposit). This goes in
concordance with the results of previous study done
by Wafaie et al. [11] who stated that PET can

Fig. 1 a (1, 2, 3) PET, fused PET CT, and CECT axial images show FDG-avid heterogeneously enhancing left axillary tail breast mass measuring 4 ×
2.5 cm with SUV max 9. No evidence of chest wall invasion or overlying skin thickness. b (1, 2, 3) PET, fused PET CT, and CECT axial images show
increased FDG uptake corresponding to right sacral sclerotic bone lesion with SUVmax 7.6. c (1, 2, 3) PET, CECT, and fused PET CT axial images
show increased FDG uptake corresponding to right fronto-parietal subcortical-enhancing lesion measuring about 1 cm with SUVmax20.
Impression: Metabolically active left axillary tail breast neoplasm with metastatic bone marrow and brain deposits
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recognize bone marrow-based metastases early and in
the absence of morphologic changes on CT images;
this is improving CT sensitivity.
Current results came in an agreement with the find-

ings of Wafaie et al. [11] who stated that fused PET/CT
was highly efficient in the evaluation of skeletal metasta-
ses with superior performance in detection of early bone
marrow infiltration not apparent on CT and resolution
of metabolic activity before definite signs of complete
healing on CT.
The liver is the main visceral organ where metastases

from breast cancer occur. The locoregional recurrence
occurs early than liver metastases, and this is associated
with a much worse prognosis [8].
This study depicted metabolically active hepatic

metastatic deposits in (5/30) 16.7%. In current study,
patients with distant hepatic lesions (lesions were > 3
cm in diameter) show positive results on PET-CT
study; these results comes in agreement with Eubank
et al. [12] who stated that the sensitivity of FDG PET

is limited (25–43%) for detection of metastatic lesions
less than 1 cm in diameter.
This prospective study which includes 30 patients

with breast cancer revealed the diagnostic power of
PET/CT in breast cancer patients and compared the
performance of PET/CT with that of enhanced CT
alone in revelation of breast lesions, recurrence, and
distant metastasis. The PET/CT interpretations were
correct in 28/30 patients. Incorrect interpretations of
PET/CT images occurred in 2 patients (two false
positive cases). According to current results, the sen-
sitivity of PET/ CT examinations was 100%, specificity
was 95.4%, positive and negative predictive values of
PET/CT were 88.9% and 100%, respectively, while the
sensitivity of CT alone was 81.2%, specificity was
90%, positive and negative predictive values were
76.4% and 93% respectively. Reason for false positive
results was increase FDG uptake corresponding to
soft tissue thickening that presented total resolution
in a progressed case on a follow-up study denoting
its benign/inflammatory nature.
In this study, PET/CT has higher sensitivity and

specificity than contrast-enhanced CT in the revela-
tion of distant metastases of breast cancer; the sensi-
tivity of PET/CT examinations was 100%, specificity
was 80%, and positive and negative predictive values
were 90.9% and 100%, respectively, while the sensitiv-
ity of CT alone was 95%, specificity was 80%, and
positive and negative predictive values were 90.4%
and 88.8%, respectively, in detected lymph node me-
tastasis. Two lymph nodes were false positive by
PET/CT; reason for false positive was positive axillary
lymph nodes that presented total resolution in a pro-
gressed case on a follow-up study, denoting its be-
nign/inflammatory nature.
The sensitivity of PET/CT examinations in de-

tected bone lesion deposits was 91.6%, specificity
was 100%, positive and negative predictive values
were 100% and 94.7%, respectively, while the sensi-
tivity of CT alone was 75%, specificity was 94.4%,
and positive and negative predictive values were
90% and 85%, respectively. One bone lesion was
false negative by PET/CT. The reason for false
negative was due to low SUV max lesion (in the
second follow-up study, the lesion demonstrate in-
crease FDG uptake).
The sensitivity of PET/CT examinations in detected

pulmonary nodules metastasis was 100% and specificity
was 100% while the sensitivity of CT alone was 72.2%
and specificity was 73.6%.
The sensitivity of PET/CT examinations in detected

hepatic deposits was 80%, specificity was 100%, and
positive and negative predictive values were 100% and
96% respectively, while the sensitivity of CT alone

Table 1 Contralateral breast affectation, lymph nodes, and
other metastasis among breast cancer patient by PET/CT

No. %

Contralateral breast affectation 2 6.7

LN affected

Axillary 11 36.7

Cervical 6 20.0

Mediastinal 12 40.0

Abdominal 8 26.7

Bone metastasis 12 40.0

Hepatic metastasis 5 16.7

Pulmonary metastasis 11 36.7

Other sites metastasis 9 30.0

Adrenal gland 1 3.3

Ovary 1 3.3

Brain 2 6.7

Peritoneal nodules 1 3.3

Subcutaneous nodules 2 6.7

Pleura 2 6.7

Table 2 Diagnostic performance of PET/CT and contrast-
enhanced CT to detect breast lesion in both breast of 30 cases
with breast cancer
Both breast lesion No (60)

Cancer case (n = 16) Non cancer case (n = 44)

True positive False negative False positive True negative

PET/CT 16 0 2 42

CT 13 3 4 40
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was 40%, specificity was 84%, and positive and nega-
tive predictive values were 33.4% and 87.5%, respect-
ively. One hepatic lesion was false negative by PET/
CT. The reason for false negative was due to low
SUV max lesion (in the second follow-up study, the
lesion demonstrate increase FDG uptake and increase
in size).
The sensitivity of PET/CT examinations in detected

other visceral metastasis was 88.8%, specificity was
90.4%, and positive and negative predictive values

were 80% and 95%, respectively, while the sensitivity
of CT alone was 55.5%, specificity was 95.2%, and
positive and negative predictive values were 83% and
83%, respectively. One adrenal lesion was false nega-
tive and another two lesions detected at adrenal and
ovarian were false positive by PET/CT. Reason for
false negative adrenal lesion was low SUV max (by
complementary MRI, no signal drop and increase
SUV max was seen in the second follow-up study)
and the reason for false positive of the other adrenal
nodule was high SUV max in the lesion (complemen-
tary chemical shift MRI demonstrate signal drop in
out phase images confirmed it is lipid-rich adenoma)
while the reason of the other false positive ovarian le-
sion was high SUV on a follow-up study (the lesion
disappeared with no therapy, this findings represented
an inflammatory process).
According to this result the fused PET/CT examin-

ation shows high sensitivity and specificity in

Fig. 2 a (1, 2, 3) CECT, fused PET CT, and PET axial images show increase FDG uptake corresponding to lower inner quadrant enhancing mass
with speculated margin, the lesion extends to the adjacent skin. It measures 3.7 × 1.8 cm with SUVmax 2.8. b (1, 2, 3) CECT, fused PET CT, and
PET axial images show mild marginal increase FDG uptake corresponding to left adrenal mass lesion measuring 5 × 3.7 cm with SUVmax 2.8.
(false negative result). c (1, 2, 3) CECT, fused PET CT, and PET axial images show hypodense, non-enhanced segment IV hepatic lesion with no
FDG up take. Cystic lesion measuring 4.4 × 2.8 cm. Impression: Metabolically active right breast neoplasm. Mild metabolically active left adrenal
mass, possible metastasis. Left hepatic lobe cystic lesion with no FDG uptake

Table 3 Sensitivity, specificity, accuracy, and positive and
negative predictive values of FDG-PET/CT and contrast-
enhanced CT in all breast lesions cases

Breast lesion Sensitivity Specificity PPV NPV Accuracy

PET/CT 100.0% 95.45% 88.89% 100.0% 96.7%

CT 81.25% 90.41% 76.47% 93.02% 88.33%

PPV positive predictive value, NPV negative predictive value
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detecting lymph nodes, bone, pulmonary, hepatic, and
other visceral metastasis in cases of breast cancer
comparing to the CT study alone. The diagnostic
power of PET/CT in our study is in line with the
study of Abo-Sheisha et al. [13] which included 50
patients with suspected distant metastasis. The sensi-
tivity, specificity, and positive and negative predictive
values of PET/CT were respectively 97%, 93%, 97%,
and 93% while the conventional imaging procedures

had a sensitivity of 75%, and a specificity of 73%,
positive predictive value 72% and negative predictive
value76%.
The limitations of this study include the small

number of patients and the biopsy findings were not
available for some patients with suspected distant
metastases.

Conclusion
This study strongly supports the conclusions of previous
studies that have shown that PET/CT is more rigorous
than CT alone for the revelation of breast lesions and
distant metastases in breast cancer patients.
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CT 75.0% 94.44% 90.0% 85.0% 86.67%

Lung

PET/CT 100.0% 100.0% 100.0% 100.0% 100.0%
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