
Abstract. Background: Although it is valuable for detecting
distant metastases, identifying recurrence, and evaluating
responses to chemotherapy, the role of 18F-fluorodeoxyglucose
positron-emission tomography/computed tomography (18F-FDG
PET/CT) in assessing locoregional nodal status for initial
staging of breast cancer has not yet been well-defined in clinical
practice. In the current report, we describe a new PET probe-
based clinical approach, with evaluation of the technical
performance of a handheld high-energy gamma probe for
intraoperative localization of breast carcinomas, and evaluation
of lymph node metastases during radio-guided oncological
surgery. Patients and Methods: Three patients underwent a
PET/CT scan immediately prior to surgery following the
standard clinical protocol. Intraoperatively, tumors were
localized and resected with the assistance of a hand-held gamma
probe. PET-guided assessment of the presence or absence of
regional nodal spread of malignancy was compared with the
reference standard of histopathological examination. Results: In
all three cases, perioperative 18F-FDG PET/CT imaging and
intraoperative gamma probe detection verified complete
resection of the hypermetabolic lesions and demonstrated no
additional suspicious occult disease. Conclusion: This innovative
approach demonstrates great promise for providing real-time
access to metabolic and morphological tumor information that
may lead to an optimal disease-tailored approach. In carefully
selected indications, a PET probe can be a useful adjunct in
surgical practice, but further trials with a larger number of
patients need to be performed to verify these findings.

Nuclear medicine has an essential and increasing role in the
management of patients with breast cancer. Sentinel node
detection has achieved reliability and, at present, it has an
important place in clinical management. Even in the era of
gene-expression profiling, nodal status remains one of the
primary prognostic discriminants in patients with breast
cancer, and is of great value as an independent predictor of
distant disease development. Although several institutional
case series have differed in patient selection, follow-up, type
of surgery, and adjuvant therapies, they have consistently
shown that the percentage of positive lymph nodes is a
significant indicator of survival in women with axillary
metastases on final pathology (1-5). The American Society of
Clinical Oncology convened an Update Committee of experts
to provide evidence-based recommendations to practicing
oncologists, surgeons, and radiation therapy clinicians on the
use of sentinel node biopsy (SNB) for patients with early-stage
breast cancer (6). The need to perform axillary lymph node
dissection (ALND) when SNB is positive and administration
of contemporary adjuvant treatment including radiotherapy,
chemotherapy, and hormonal therapy has been questioned in
recent years. On the other hand, ongoing trials are testing
whether node-positive patients can be spared chemotherapy, as
qualifying indications increasingly rely on breast cancer
biology for decision-making regarding adjuvant systemic
treatment (7). In summary, sentinel node surgery represents the
next major step in reducing the extent of surgical procedures,
but despite the revolution of quality-conserving care, recent
data collection and analyses of anatomical techniques suggest
that exact lymphatic drainage of the breast is debatable (8).
Different lymphatic patterns may help explain some important
unresolved clinical problems, including different detection
rates between studies and high false-negative rates of about
10% in multicenter randomized controlled trials (9). Further
anatomical investigation and knowledge of the exact sentinel
lymphatic channels will provide more information about
patterns of breast cancer in order to improve surgical strategy,
locoregional recurrence, and survival. 
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Many authors have acknowledged the value of positron-
emission tomography (PET) with 18F-2-deoxy-2-fluoro-D-
glucose (18F-FDG) in the differential diagnosis of breast
lesions, and in locoregional staging, since breast cancer is
strongly avid for glucose (10). A positive correlation was found
between 18F-FDG uptake and tumor histology, microscopic
tumor growth patterns, and tumor cell proliferation. It should
be noted that metabolic changes after malignant transformation
depend on many complex interactions between cellular
metabolism and the tumor microenvironment (11). For these
reasons, the published results are heterogeneous, but show very
clearly that 18F-FDG-PET is a non-invasive in vivo method of
providing information that can be of prognostic interest, and is
related to overall and disease-free survival (12). Techniques
that are primarily physiological may, therefore, have a key role
to play in the adjunctive assessment of the breast, especially
when there is doubt over the validity of anatomical imaging.
In addition, despite advances in diagnostic assessment using
PET and the availability of new systemic treatment options, the
treatment paradigm in oncology has shifted towards more
aggressive therapeutic interventions, including cytoreductive
techniques and metastasectomy. Intraoperative localization of
PET-positive recurrent or metastatic lesions can be facilitated
using a hand-held PET probe, thus improving the success of
surgical exploration in selected indications (13). Locating a
lesion that is not easily seen or palpated during routine surgical
exploration is probably the strongest indication for PET probe-
guided procedure. The patients most suitable for this technique
are those presenting with non-palpable, but FDG-PET-positive
lymph nodes in axilla, where surgical dissection is relatively
more challenging than that of the groin or neck. Therefore, we
propose an innovative approach for intraoperative tumor
localization and axillary staging utilizing 18F-FDG for
perioperative PET/CT imaging and intraoperative gamma
probe detection to verify complete resection of hypermetabolic
lesions in patients with breast cancer. Such guided axillary
sampling could represent a potential further development in
recent anatomical and functional methods, offering a dynamic
technique to be used according to clinical and anatomical
disease parameters (14). Furthermore, it is important to identify
appropriate inclusion criteria for PET probe-guided surgery,
taking into consideration whether distinct molecular traits
might be predictive of different nodal involvement and
outcomes (15). Given the apparent heterogeneity of subgroups
within breast cancer subtypes, and different genomic features,
this ability will also contribute to the functional evaluation of
lymph nodes in the detection of sub-clinical metastases. Our
review of data revealed that the probability of having an
axillary metastasis seemed to be more frequently related to the
luminal breast cancer group [luminal A, luminal B (human
epidermal growth factor receptor 2 negative (HER2−) luminal
B HER2+) with a three times higher risk for patients with
luminal B HER2− breast cancer compared with HER2+ (15).

This is in contrast to radiological criteria, that are based solely
on anatomical findings. Prospective database analysis and
improved molecular profiling techniques will also likely
provide direction in the management of this increasingly
frequent clinical problem.

In the current preliminary case reports, whose data were
extracted from a prospective study that is currently in progress
at our Department (see below), we describe a new PET probe-
based clinical approach. We evaluated the technical performance
of a handheld high-energy gamma probe in the diagnosis of
breast cancer and lymph node metastasis during radio-guided
oncological surgery. Relationships between the intrinsic
biological properties of the primary tumor, prognostic factors,
and the axillary status of patients with breast cancer will be taken
into account for a preliminary comparison between real-time
intra-procedural PET/CT nodal detection and traditional staging
procedures in terms of survival outcomes. The clinical use of
PET probes has been limited to clinical trial settings, and no
standard PET probe-guided surgery protocol has been developed.

Patients and Methods 

Study design and conduct. This pilot study with interventional and
non-pharmacological design used the following inclusion criteria.
Patients were eligible if they were older than 18 years, had a
histological diagnosis of invasive breast cancer within 3 months,
had a primary tumor deemed technically appropriate for surgical
resection, and had no clinical evidence of regional nodal or distant
metastatic disease. Patients with co-morbidities (i.e. cardiovascular
disease) were also considered.

The study protocol was approved by the Tor Vergata University
Hospital Institutional Ethic Board (approval number 52.15, and each
patient gave their informed consent to participation.

Three patients underwent a preoperative whole-body 18FDG-PET
scan. PET assessment of the presence or absence of regional nodal
spread of malignancy was compared with the reference standard of
axillary nodal assessment, a histological examination of resected
axillary lymph nodes obtained by SNB alone, by SNB and ALND,
or by ALND alone.

Patients were required to be willing to proceed with SNB or
ALND after PET completion, and to undergo a level I/II ALND
after SNB if the SNB was positive, or if the PET scan showed
increased uptake in the ipsilateral axilla.

PET/CT scan protocol. All patients fasted for at least 5 hours before
intravenous 18F-FDG injection and all serum glucose levels were
normal (≤107 mg/ml). On the morning of the planned surgery,
patients were intravenously injected with 370-450 MBq of 18F-FDG
and hydrated with 500 ml of intravenous saline (0.9% sodium
chloride). Physical activity was kept to a minimum with a rest
period of 60 minutes post-injection. Images were obtained 60
minutes after FDG administration.

The PET/CT system Discovery ST16 (GE Medical Systems,
Fairfield, CT, USA) was used for the whole cohort under
examination. The system combines a high-speed ultra 16-detector-
row (912 detectors per row) CT unit and a PET scanner with 10,080
bismuth germanate crystals in 24 rings. The axial full width half
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maximum 1 cm radius is 5.2 mm in 3-dimensional (3D) mode and
the axial field of view is 157 mm. For the PET/low-dose computed
tomography (ldCT) a low-amperage CT scan was acquired for
attenuation correction of PET images (80 mA, 140 kV, field of view
about 420-500 mm, and CT slice thickness of 3.75 mm). The CT dose
index for ldCT was 4.0175 (±0.84) mGy and the dose-length product
was 473.296 (±161.09) mGy-cm. After non-enhanced CT, total-body
PET examination in the caudocranial direction from the upper thighs
to the vertex was performed (3.5 minutes per bed). Reconstruction
was performed using the 3D reconstruction method of ordered subset
expectation maximization with 30 subsets and two iterations. 

Images were reviewed by a nuclear physician and a surgical
oncologist. Standard uptake values (SUV) and metabolic tumor
volume (MTV) of the target lesion(s) were measured.

Evaluation of PET/CT images. PET/CT images were reviewed by
two nuclear medicine physicians (AF and AC) on a dedicated
PET/CT workstation (Advantage 4.4 and Xeleris 2; GE Healthcare,
Fairfield, CT, USA), which allowed visualization of the PET and CT
images separately or in fusion mode in the axial, coronal and sagittal
planes. Uptake was considered pathological when an area of focal
tracer uptake higher than the background was visually detected.
Maximum SUV (SUVmax) were also determined and taken into
account but no absolute cut-off value was used for the diagnosis. In
cases in which there was disagreement between the readers, the
patients were re-examined and a consensus was reached (16).

PET probe-guided surgery protocol. All patients underwent an 18F-
FDG-PET study following the clinical protocol. The PET probe-
guided surgery decision was made after careful review of the
imaging information and the clinical indications at a
multidisciplinary meeting. Patients with unresectable tumors or
evidence of distant metastases on the basis of PET/CT findings were
excluded from the study.

Surgical exploration was scheduled 2-3 hours post-injection of
the radiopharmaceutical. No glucose-containing intravenous fluids
were allowed prior to or during the operation. Relevant
images/views were available for viewing in the operating theatre.

A high-energy gamma probe with a gadolinium oxyorthosilicate
crystal and 12.5 mm tungsten shielding (Care Wise Medical, Morgan
Hills, CA, USA) were used. The analyzer was set for a photopeak of
511 keV, a window of 20%, and a threshold of 
490 keV. Calibration of the system and appropriate settings were verified
prior to each operation. The probe and its connecting cord were placed
in a plastic sleeve. Surgical exploration commenced with determination
of the probe survey field. The initial probe survey was performed using
the count per second mode. A target to background ratio (TBR) of 1.5
and above was used for confirmation of the target localization.

Technical considerations. 18F-FDG PET is accepted as a useful tool in
the preoperative evaluation and staging of appropriately selected
patients with breast cancer, and there are currently some data available
on the utilization of a handheld gamma probe for intraoperatively
detecting various 18F-FDG-positive malignancies. However, there has
been very little clinical investigation into specifically utilizing a
combined approach of perioperative 18F-FDG PET technology and
intraoperative 18F-FDG gamma probe detection (17, 18). Intraoperative
PET probe performance, as a general rule, is a function of
radiopharmaceutical uptake, clearance kinetics, and probe engineering,
all ultimately determining the TBR and detection threshold.

Regarding future planned studies and their data availability, it is
important to realize that the success of PET probe-guided surgery
depends on numerous factors, including the FDG avidity of the
tumor, timing of surgical exploration in reference to injection of
FDG, anatomical location of the lesion, its relative proximity to the
main sites of physiological uptake, and technical properties of the
probe. Data suggest that TBR improves over time up to 4 hours
post-FDG administration (13). FDG metabolism and clearance
occurs at a much faster rate in normal tissues than tumor tissue, and
thus TBR improves with time, resulting in better lesion detection
when imaging is delayed (19). Tumor-to-non-tumor and tumor-to-
organ ratios are higher for delayed images than for the 1.5-hour
routine images, and lesion detection is improved in nodal and
hepatic metastases (20). Satisfactory count rates and TBR for
surgical detection can be obtained 2-4 hours post-FDG
administration, which makes this technique clinically feasible (13).

FDG avidity is determined by the glycolytic activity of the tumor
and the viable tumor concentration in a given lesion. This feature
contributes to the success of detection; however, it has nothing to do
with specificity. Individual cancer types may also exhibit significant
variability in terms of FDG avidity. Even in the same patient, different
lesions may have different degrees of FDG uptake. The probe detects
any FDG-avid lesion, whether it is malignant or inflammatory.
Background radiation tends to decrease while tumor uptake is retained.
The in situ TBR is also strongly affected by areas of physiological
uptake or accumulation. The brain, cardiac and kidney uptake, and
accumulation inside the bladder in the abdomen and pelvis affect the
in situ TBR. Areas of physiological uptake show attenuation over time,
and the use of intra-operative bladder catheterization minimizes
interference from bladder accumulation of FDG.

Classifications of groups and staging. We identified intrinsic breast
cancer subtypes, according to the clinicopathological criteria
recommended by the St. Gallen International Expert Consensus
Report 2013 (21). Patients were categorized based on the receptor
status of their primary tumor as follows: luminal A [estrogen-
receptor-positive (ER+) or progesterone-receptor-positive (PR+),
and HER2−]; luminal B HER2− (ER+, HER2− and at least one of
Ki-67 high or PR− or low); luminal B HER2+ (ER+, HER2
overexpressed or amplified, any Ki-67, any PR); HER2+ (ER− or
PR−, and HER2+), and basal (ER− or PR−, and HER2−). ER and
PR status was determined using immunohistochemistry (IHC).
Tumors were considered HER2+ only if they were scored 3+ by
IHC (strong, complete membranous staining in >30% of cancer
cells) and showed HER2 amplification (ratio >2) using fluorescence
in situ hybridization (FISH). In the absence of positive FISH data,
tumors scored 2+ using IHC were considered negative for HER2.

Tumor staging used the seventh edition of the American Joint
Committee on Cancer (AJCC) cancer staging manual (22).

End-points. As mentioned above, this report was designed as a
phase II utility trial evaluating the performance and diagnostic
accuracy of a high-energy gamma probe capable of processing 
511 keV photons of 18F-labeled pharmaceuticals. We undertook this
investigation to assess the efficacy of a combined perioperative and
intraoperative approach for tumor detection and evaluation of
locoregional nodal disease in breast cancer. Technical performance
was defined by the effect that use of the probe had on surgical
exploration, according to both clinical parameters and breast cancer
subtype, in informing treatment decisions for these categories.
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Results 

Patient 1. The first case involved an 81-year-old Caucasian
woman with locally advanced disease in the right breast
(PT4) who underwent a radical mastectomy and ipsilateral
ALND. Clinical examination revealed a 5 cm palpable mass
in the upper-outer quadrant and no palpable right axillary
mass. These findings were confirmed using mammography
and ultrasound, and a subsequent 14-gauge core biopsy
revealed invasive ductal carcinoma (IDC).

On the day of surgery, the preoperative clinical PET/CT
demonstrated a solitary hypermetabolic lesion within the
right breast (Figure 1). The SUVmax of the lesion was 5.07
while the MTV was 20.24 cm3. No additional
hypermetabolic lesions were found.

The patient was subsequently taken to the operating
theatre. Intraoperative verification of the tumor location
within the right breast and right axilla was performed by
palpation and by handheld gamma probe detection. After
careful analysis of the axillary tissue, any pathological
uptake was detected as the surgical bed and was found to
have no activity above background. Pathology revealed a 
5.5 cm moderately differentiated invasive carcinoma with
skin ulceration and seventh axillary lymph nodes without
metastatic disease (pN0). Furthermore, the prognostic and
predictive factors assessment showed a luminal B HER2−
profile (ER 95%, PR 80%, 40% Ki-67, HER2 score 1),
according to the St. Gallen Consensus 2013 (21). 

In this case, the experimental procedure revealed a good
diagnostic performance, with interesting clinical implications
allowing for a more conservative surgical approach on the
basis of 18F-FDG PET/CT scanning, and the potential
reduction of short- and long-term adverse events.

Patient 2. A 68-year-old Caucasian woman was originally
diagnosed with well differentiated and multifocal IDC (PT1c)
of her right breast before undergoing a rotational advancement
flap quadrantectomy and ipsilateral ALND. On the day of
surgery, the preoperative clinical PET/CT revealed two
hypermetabolic foci in the lower-outer quadrant, with an
SUVmax and MTV of 4.14 and 2.86 cm3, respectively, for the
first lesion, and an 5.02 and 1.12 cm3, respectively, for the
second. Additionally, a solitary hypermetabolic lymph node in
the right axilla was found with an SUVmax of 2.38 and MTV
of 782 mm3 (Figure 2). Intraoperative verification of the tumor
location within the breast and the axillary area was performed
by palpation and by handheld gamma probe detection, allowing
improved location of the lymphatic metastasis present on
preoperative imaging (Figure 3). After the resection, the
surgical bed was found to have no activity above the
background level. Pathological evaluation confirmed the tumor
multifocality, identifying two lesions of 1.6 cm and 0.5 cm, and
negative surgical margins. Moreover, in the lymphatic structure

removed following detection by probe, two axillary lymph
nodes showed evidence of metastatic disease, and further nodal
micrometastases was identified among the five nodes present
in the remaining tissue from axillary dissection (pN1a). The
prognostic and predictive factor assessment showed a luminal
A immunophenotypic profile (ER 95%, PR 90%, 5% Ki-67,
HER2 score 2), according to the St. Gallen Consensus 2013
(21). In this patient, the PET/CT scan had good diagnostic
accuracy in identifying a multifocal breast lesion, in addition
to a reasonable sensitivity for preoperative identification of
pathological axillary involvement.

However, the spatial and topographic acquisition of the
hypermetabolic lymphatic structure and its subsequent
resection by handheld gamma probe detection were more
complex and elaborate than the traditional method,
demonstrating the need for further modifications for optimal
technical performance. In conclusion, the procedure was
useful in carrying out radio-guided selective axillary
dissection, although it has low accuracy in the identification
of nodal micrometastasis, for which there are little data about
the short- and long-term prognostic value.

Patient 3. A 87-year-old Caucasian woman was originally
diagnosed with locally advanced disease in the left breast
(PT4) and underwent radical mastectomy and ipsilateral
ALND. On the day of surgery, the preoperative clinical
PET/CT demonstrated multiple hypermetabolic lesions of the
inner quadrants with an SUVmax of 5.67 and an MTV of
23.81 cm3, in association with lymphangitic carcinomatosis
(Figure 4). PET/CT scan also revealed centimetric lymph
nodes in the left axilla that were not characterized by
significant FDG uptake (SUVmax node < SUVmax liver).
Intraoperative verification of tumor location within the breast
and left axilla was performed by palpation and by handheld
gamma probe detection, revealing widespread pathological
uptake in the nodal area. Pathology revealed multifocal and
multicentric breast disease, identifying three lesions of 8 cm,
7 cm, and 0.3 cm, in association with angioinvasion and
perineural invasion. Furthermore, 16 out of 17 axillary nodes
had metastatic disease, and only one was positive for
micrometastases, (pN3a). The histological classification of the
primary tumor demonstrated sections of poorly differentiated
IDC, while the prognostic and predictive factors evaluation
showed a luminal B HER2− profile (95% ER, PR−, Ki-67
20%, HER2 score 0), according to the Consensus of St.
Gallen, 2013 (21). In this case the handheld gamma probe
procedure revealed a good diagnostic accuracy in detecting a
multifocal lesion, in addition to low sensitivity in the
preoperative definition of pathological axillary involvement.
However, despite the absence of specific nodal uptake by
preoperative PET/CT imaging, the application of the handheld
gamma probe provided real-time complementary data that
aided in the definition of pathological tissues. 
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Discussion

It is well-established that 18F-FDG PET imaging is a
powerful tool for assisting in the diagnosis, staging, and
monitoring of therapy response for a variety of neoplastic

processes, including breast cancer (23, 24). One of the main
limitations of the current use of PET imaging is that our
standard practice of preoperative image acquisition at the
time of the original evaluation of the patient cannot be
translated into real-time information for availability in the
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Figure 1. a: Maximum intensity projection of positron-emission tomography images showing the 18F- fluorodeoxyglucose distribution in patient 1.
Axial (b), coronal (c) and sagittal (d) positron-emission tomography/computed tomographic images demonstrating a hypermetabolic lesion in the
upper-outer quadrant of right breast (red arrows).

Figure 2. Maximum intensity projection of positron-emission tomography images showing the 18F- fluorodeoxyglucose distribution in patient 2 (a).
Axial (b), coronal (c) and sagittal (d) positron-emission tomography/computed tomographic images demonstrating a hypermetabolic lymph node
in the right axilla (red arrows).



operating theatre. It can often be difficult for the oncological
surgeon to intraoperatively localize presumed abnormalities
that were evident on preoperative image acquisition. Such
limitations can result in the inability to detect occult disease
and may lead to incomplete tumor resection during definitive
cancer surgery. This may ultimately be responsible for
disease recurrence and impact negatively upon long-term
patient outcomes. Thus, by allowing the oncological surgeon
access to imaging and metabolic information intraoperatively
using perioperative 18F-FDG PET/CT imaging and
intraoperative 18F-FDG gamma probe detection has great
potential to significantly improve the overall success of
complete surgical resection, and may ultimately positively
influence long-term patient outcomes.

There is an ongoing debate regarding the potential role of
18F-FDG PET for initial staging of breast cancer (25, 26).
Despite a low sensitivity, 18F-FDG PET/CT is generally
reported to have a good specificity for identifying axillary
nodal disease. Some authors advocate the use of 18F-FDG
PET/CT in order to reduce the use of SNB, evaluating patients
with a high axillary lymph node burden who could then move
directly to ALND (27). Others suggest that 18F-FDG PET/CT
should be used to extend the use of SNB over more invasive
methods, since in patients with a high risk of axillary lymph
node metastases that are not considered candidates for SNB,
an unremarkable 18F-FDG PET/CT scan can still identify
those who can safely undergo SNB instead of immediate
ALND. Such an approach may extend the indication for SNB
to patients with an up to 60% risk of lymph node metastases
(corresponding to a tumor diameter of 4-5 cm) and thus avoid
the comorbidity of unnecessary ALNDs in a substantial
proportion of patients (28). However, management of the

axilla in patients with operable breast cancer is still one of
most controversial areas in clinical oncology. A recent
systematic review found that the sensitivity of PET/CT
systems in the detection of axillary nodal metastases ranged
from 44% to 67% (29). Patients with false-negative PET
results had significantly smaller and fewer tumor-positive
lymph nodes than true-positive cases. The results indicated
that there are limitations to FDG PET in the detection of
micrometastases and small, tumor-infiltrated axillary lymph
nodes (30). This low sensitivity is due, in part, to the limited
spatial resolution (approximately 5-6 mm) of PET systems,
leading to partial volume effects that cause significant
underestimation of the radioactivity concentration in lesions
smaller than 2-3 times the spatial resolution of the systems. 

Concerning this issue, further work is required to address
issues of sensitivity and specificity. Both the size of the
lesion and the intensity of tracer uptake are important
determinants for lesion detectability with PET. Phantom
studies show that lesions <5 mm are not reliably detected on
PET (30). Thus it is not surprising that micrometastases 
(<2 mm) are not detected, and indeed a recent technological
assessment showed that the smallest axillary node detected
using PET was 3 mm (31). The sensitivity for detection of
axillary nodal metastasis can be improved by reducing the
SUV threshold, but this can negatively impact specificity.
Therefore, low-grade 18F-FDG nodal uptake may simply
represent inflammatory (reactive) changes and thus give rise
to false-positive findings.

Despite this, evaluation of new technologies that are being
implemented in PET imaging is needed. Some have such
advanced reconstruction algorithms that they are likely not
only to improve diagnostic performance, and thus the
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Figure 3. 18F-Fluorodeoxyglucose (18F-FDG)-handheld gamma probe detection for tumor localization in the right breast (a); positron-emission
tomography probe-guided excision of an 18FDG-positive lymph node in the axilla (b). Final pathology confirmed nodal metastases.



detectability of smaller lymph node metastases (32-33), but
also to change quantitative and imaging features, requiring
new diagnostic thresholds to be defined (34). 

Moreover, the added value of PET in breast cancer staging
is that it is a non-invasive technique that allows the study of
all lymphatic basins of the breast (axilla, supraclavicular and
mammary chain), and in a single examination permits both
the characterization of breast lesions and the complete
viewing of the entire body. This means that we have at our
disposal a single radiopharmaceutical and a single diagnostic
modality for the complete evaluation of all possible sites of
breast cancer metastasis in order to characterize their
prognostic effects over time.

In this context, the clinical significance of microscopic
lymph node involvement not detected by 18F-FDG PET/CT
was also analyzed during follow-up for relapse and distant
metastases. A recent study suggested that axillary node
metastases which were not visualized by 18F-FDG PET /CT

seemed to have little clinical significance for relapse or
distant metastases (35). Indeed, few retrospective analyses
on selected patients with SLN micrometastases without
further ALND have suggested that this subset of patients
will suffer from a higher incidence of regional recurrence
or distant disease. This supports the theory that formal
ALND may be omitted in these patients, thus reducing the
potential associated short- and long-term complications (36-
38). However, the design of a probe that is capable of
processing high-energy gamma photons from positron
emitters such as 18F and using it intraoperatively with
significant background radiation is highly challenging. The
ability of a gamma probe to identify a lesion depends on
several factors, including the FDG avidity of the tumor, the
timing of surgical exploration related to the injection of
FDG, the anatomical location of the lesion, and its relative
proximity to the main sites of physiological uptake. All
these features are major determinants of the clinical
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Figure 4. Maximum intensity projection of positron-emission tomography. Images showing the 18F- fluorodeoxyglucose distribution in patient 3 (a).
Axial (b), coronal (c), and sagittal (d) positron-emission tomography/computed tomographic images demonstrating multiple hypermetabolic lesions
in the left breast, in association with lymphangitic carcinomatosis (red arrows).



performance of a gamma probe, and differences in these
properties are likely to lead to variable results in surgery.
This study demonstrates the technical ability and feasibility
of a handheld PET probe for lesion detection, and in one
case, it was useful in localizing additional disease not
detected on the preoperative imaging study. 

Nevertheless, the present study has several inherent
limitations. It was an experimental proposal for a
methodological approach, and our sample size was small.
Therefore, no statistical analysis was performed, resulting in
restrictions in interpreting the findings. Clinical outcomes are
an important end-point for this methological approach. In
this respect, no relapse or metastases were found in an
average follow-up period of 10.42±10.56 months in patients
with axillary metastases and micrometastasis on an 18F-FDG
PET/CT scan. A larger patient population would have been
beneficial but this would have significantly increased the
recruitment and follow-up periods. A longer follow-up period
would also have been ideal but this had to be balanced
against the need to obtain data that are lacking in the current
literature. Furthermore, our team’s limited experience and
familiarity with PET probe-guided surgery may have
influenced our outcomes. However, our findings highlight
the importance of a recent call for a randomized, controlled
trial to further investigate the role of PET/CT in breast
cancer staging (39).

Another limitation of this study is that the three patients
were 68, 81, and 87 years old and not representative of the
population of patients with breast cancer. The peak age for
breast tumors is between 40 and 50 years in Asian countries,
whereas the peak age in Western countries is between 60 and
70 years (40). However, recent data suggest that although
breast cancer outcomes in younger women have shown
substantial improvement because of advances in treatment
and screening, the benefits in older women have been less
pronounced. In addition, planning therapy for older patients
is not always straightforward because they may present
comorbidities and frailty that limit therapeutic choices. In
this context, the exclusion of node involvement using non-
invasive methods could reduce the rate of axillary surgery,
thereby preventing complications in a substantial proportion
of patients. The results of this study suggest FDG PET/CT
could be used as a initial test prior to invasive staging
procedures, but further trials with a large number of patients
need to be performed to verify our findings.

Currently, with known limitations, FDG imaging
represents the standard for functional and biological imaging
in oncology (41). Many more new PET radiopharmaceuticals
are being developed for distinct tumor types and metabolic
properties (42). In future, the clinical indications for PET
probe use will be individually determined on the basis of
tumor and patient characteristics, as well as the distribution
patterns of the selected PET for the desired imaging targets

(radiopharmaceuticals). Further explorations of the feasibility
of these techniques, as well as correlation with pathology
and patient outcomes, will be helpful in assessing the benefit
of these procedures.

Conclusion

Although 18F-FDG PET/CT is valuable for detecting distant
metastases, identifying recurrence, and evaluating response
to chemotherapy, its role in evaluating locoregional nodal
status for initial staging of breast cancer has not yet been
well-defined in clinical practice. Thus, the availability of an
innovative combined imaging/detection technology in the
perioperative and intraoperative arena has the potential for
improving oncological surgeons’ success rates in achieving
a complete tumor resection. The current report demonstrates
great promise for 18F-FDG PET/CT in providing real-time
access to metabolic and morphological tumor information
that may lead to an optimal disease-tailored approach. 

However, in our study, the role of 18F-FDG PET/CT in
axillary node staging was limited, suggesting that for the
assessment of regional nodal metastases, surgical biopsy and
histological analysis remain indicated. 18F-FDG PET was
poor at providing effective evaluation of axillary lymph
nodes, but future hardware and software improvements
might improve the spatial resolution for detecting
locoregional disease, allowing for a selective approach to
diagnose metastases in axillary nodes and SLN. As suggested
by previous reports, these false-negative results may be due
to the small size of the axillary node, stromal-rich cancer,
positive lymphovascular invasion, multifocal tumors, and
high tumor staging (43, 44). Consequently, the true incidence
of 18F-FDG PET-detectable disease in various stages of
primary breast cancer needs to be determined and
systematically measured. Subsequently, the way in which
this detection method alters patient management, survival,
and quality of life should be assessed. Furthermore, the
potential for a more widespread application of this
innovative technology is likely to lie in applications such as
verification of primary tumor site resection, margin
determination, regional lymph node assessment, and
recognition of sites of occult disease.

The limitations of PET scanning, as well as the lack of
specificity of 18F-FDG as a tumor tracer, are acknowledged.
However, with further development of new diagnostic
thresholds, all of these potential applications may ultimately
positively influence long-term patient outcomes.
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