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Is BF-FDG PET/CT an accurate tool for identifying metastases

of lobular breast cancer?
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To the Editor,

Invasive lobular breast cancer (ILBrCa) accounts for
only about 8-14% of a heterogeneous group of dif-
ferent histological types of breast cancer (BrCa), but
it is still not infrequent due to high overall incidence
of BrCa and an increasing rate of this type of tumor
in older women since 1977 [1]. BrCa has a well
known glycolytic activity due to overexpression of
glucose transporters [2] that make F-18-fluoro-
deoxyglucose (FDQG) a suitable tracer, and BrCa one
of the frequent indications for PET/CT [3]. Signifi-
cantly lower FDG uptake has been demonstrated in
primary ILBrCa versus invasive ductal BrCa
(IDBrCa) [4,5], with false negative rates of up to
66% for ILBrCa. A logical resulting extrapolation is
that FDG uptake may be also low in metastasis of
ILBrCa. This raises an important question regarding
the relevance of FDG positron emission tomography/
computerized tomography (PET/CT) for follow-up
of ILBrCa. However, despite this common assump-
tion, to the best of our knowledge, little clinical data
has been reported to date on this issue.

In this study we set out to examine whether
metastases of ILBrCa have lower FDG avidity
similarly to the primary tumor, and thus whether
FDG may be appropriate for systemic evaluation of
patients with ILBrCa.

Patients and methods

Patient selection is shown in the flowchart (Figure
1). In brief, of 1236 PET/CT scans acquired at our
institution of patients suffering from invasive BrCa,

the sample was restricted to scans of patients with
ILBrCa who underwent treatment at our institution
to allow for follow-up and validation. Thirty-six
patients fit these criteria, but 12 patients were sub-
sequently excluded due to the presence of concur-
rent ductal carcinoma, including DCIS, or a
secondary malignancy. Final sample included 49
FDG PET/CT scans on 24 patients (age: 47-79
years): eight patients with eight staging and seven
follow-up studies, and 16 patients with 34 scans dur-
ing follow-up only (total of eight staging and
41 follow-up studies). Ten patients underwent PET/
CT once, six twice, six three times, and one patient
each four and five times, respectively. Duration of
follow-up ranged from 3 to 71 months (mean
38.9 £ 16.1, median 39 months); eight patients died
during the follow-up period.

Kaplan-Meier survival analysis was performed.

PET/CT scans were acquired using a Discovery ST®
PET/CT (GE Medical Systems, Milwaukee, WI,
USA) with '8F-FDG produced at the hospital cyclo-
tron. All the patients underwent a PET/CT scan in
supine position after a six-hour fast, i.v. injection of
296.0-481.0 MBq of F-18-FDG, delay interval of
60—90 minutes between injection and scan.

All PET/CT scans were reviewed by a nuclear
medicine and radiology physician (M.O.) and by an
experienced nuclear medicine physician (M.K.).
Detailed clinical information was traced by oncolo-
gists (E.T., B.U. and T.P.). PET/CT results were
compared with bone scan, CT, magnetic resonance
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Figure 1. Patients’ selection flowchart. Noze: BrCa, breast cancer; DCIS, ductal carcinoma in situ; HHUMC, Hadassah Hebrew University
Medical Center; ILBrCa, invasive lobular breast cancer; IDBrCa, invasive ductal breast cancer.

imaging (MRI) and with histo-pathological results,
as available.

PET/CT scans were assessed by visual detec-
tion of foci and/or areas with increased uptake in

comparison to background, further by semi-quantitative
measurement (SUV max) and correlation with CT
of the PET/CT. A false negative PET was recorded
when active metastatic disease was proven by other

Figure 2. Axial views of '8F-FDG PET/CT show: (A and B) a highly intense focus (SUV max 10.5) (B) in a small lytic lesion in the left
rib anteriorly (red cross); (C and D) a highly intense (SUV max 10) focus in a small lymph node in the left axilla (arrows); (E and F) an
elongated pathological uptake (SUV max up to 13) in the peritoneal spread around the liver (red cross); (G and H) high accumulation
of FDG (SUV max up to 14) in large implants in both ovary (red cross).
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modalities or clinical/biochemical evaluation but no
corresponding pathological foci were seen on PET.

The protocol was approved by the Institu-
tional Review Board according to principles of the
Declaration of Helsinki.

Results

Twenty-four of 49 studies evaluated were positive
while 25 were negative. In the 24 positive scans (four
for staging and 20 for follow-up), per-lesion analysis
showed that pathological findings were observed in
31 sites: bone (18), lymph nodes (LLNs) axillary (3),
retro-peritoneal and retro-crural (2), LN in hilum
(1), pleura (2), mediastinum (1), liver (1), perito-
neum (1), ovaries (1) and chest wall (1). Mean SUV
max over all these lesions was 6.46 = 3; median 6.25;
range 2.2-15. Scan results for all patients are
summarized in Supplementary Table I (available
online at http://informahealthcare.com/doi/abs/10.3109/
0284186X.2015.1054952).

In 16/18 pathological FDG foci in the skeleton,
corresponding findings were seen on CT in form of
three lytic (Figure 2A and B), five sclerotic and eight
Iytic-sclerotic lesions. In the two remaining bone foci,
no corresponding anatomical changes were found on
CT but clear correlation was found on bone scan.
Bone scans were available in seven cases, and were
positive in all, including the two CT negative find-
ings. There was complete matching of PET, CT and
bone scan findings in 5/7 cases.

Among foci visualized in the lymph nodes on
FDG PET, all three axillary findings (mean SUV
max 6.85; range 3.7-10) were also visualized on CT
as nodes of 0.8-1.0 cm (Figure 2C and D). Retro-
peritoneal and retro-crural LNs (SUV max 8.1 and
3.6, respectively) were also visualized on CT. Lung
hilum LN was correlated with CT. Pleural effusion
was seen in two patients (SUV max 2.2 and 3.6). In
the first (Patient 13), PET/CT was performed eight
months after a previous negative scan and showed
disease progression with new pathological foci in the
mediastinum and the pleura that were confirmed by
biopsy. No pathological confirmation is available for
the second case (Patient 23), due to subsequent
death, but rapid disease progression essentially pro-
vides confirmation of the positive finding.

A pathological focus in the liver (Patient 9) was
confirmed by a hypodense lesion of 1.5 cm on CT.
Peritoneal spread (Figure 2E and F) and metastases
to ovary (Figure 2G and H) were confirmed by
biopsy. A chest wall collection indicating infection
was seen in one patient.

True positive (TP) FDG PET were confirmed in
30/31 findings. The collection in the chest wall was
the single false positive finding.

No pathological findings were found on other imag-
ing modalities or on clinical follow-up on the 25 nega-
tive scans, confirming disease-free status. In one case
(Patient 18), absence of disease in a CT-positive FDG-
negative bone lesion was confirmed by biopsy. Likewise
on the 24 positive scans, no additional pathological
findings, not seen on PET, were detected, with only one
exception of a lepto-meningeal spread (Patient 9).

In summary, among 49 F-18-FDG PET/CT
scans in 24 patients with histologically proven
ILBrCa, 30/31 findings were TP. Negative PET/CT's
were indeed true negative (TN) with the exception
of one case of a lepto-meningeal spread. There was
no clinical or imaging evidence for presence of addi-
tional metastases overlooked by PET, indicating a
high sensitivity and specificity of PET/CT in the
evaluation of metastases of ILBrCa. Kaplan-Meier
survival analysis shows a significantly (p-value = 0.005)
higher rate of death events in a cohort of TP studies
than in TN scans (Figure 3).

Discussion

In this study we examined FDG avidity of ILBrCa
metastases in a group of 24 patients, and found that,
contrary to common perception, FDG uptake was
observed in sites of metastatic disease with only one
exception, and subsequently confirmed by other
imaging modalities, and that imaging and clinical
follow-up did not reveal metastatic disease where
FDG was negative. Furthermore, significant differ-
ence was seen in survival between FDG positive and
negative groups.
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Figure 3. Kaplan-Meier survival curves for true positive (TP) and
true negative (TN) scans. p-Value for Log-Rank =0.005.
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Ueda et al. demonstrated a significantly lower
local uptake of FDG by primary ILBrCa in com-
parison to IDBrCa [5]. Avril et al. [6,7] as well as
Buck et al. [4] have also shown lower FDG avidity
of primary ILBrCa.

Although both the primary tumor and metasta-
ses of ILBrCa tend to infiltrate rather than to build
masses [8], Hennipman et al. have shown higher
activity of hexokinase and other glycolytic enzymes
in metastases than in primary breast tumor [9]. This
finding could explain our results: with the exception
of meningeal spread, all metastases of ILBrCa seen
on other imaging modalities or revealed on exten-
sive clinical follow-up were FDG-positive even
though some of them demonstrated lower FDG
accumulation than commonly seen in metastatic
IDBrCa.

Furthermore, our findings are in keeping with the
known predilection of metastases of ILBrCa to
spread to peritoneal and retroperitoneal spaces;
meningeal involvement and hepatic metastases are
also more common [8,10]. Even in our small sample,
there were cases with peritoneal, meningeal and
hepatic metastases which are compatible with this
clinical pattern of ILBrCa metastases as described
by Winston et al. on CT [11], thus supporting the
identification of the FDG positive findings as ILBrCa
metastases.

The main limitation of our work is the small
population enrolled in this study with staging and
follow-up cases analyzed together, due in part to the
relatively low incidence of ILBrCa, and possibly also
to few referrals due to the unproven assumption that
FDG uptake is low or absent in metastatic ILBrCa.
The difficulty of complete confirmation by biopsy,
either in positive findings and particularly of the
absence of disease is also a potential problem in any
study of this type, and here correct evaluation and
recognition of limitations are critical. Fortunately,
other imaging modalities as well as disease-free clin-
ical follow-up enabled us to confirm absence of dis-
ease at the time of PET/CT in most patients.

In summary, our study suggests that lower FDG
uptake in primary tumor should not prevent systemic
evaluation and follow-up by means of FDG PET in
patients with ILLBrCa. There is no clear evidence-
based explanation for different FDG avidity of pri-
mary tumor and metastases, but as there is no
histo-morphological difference between them, the
most logical explanation is a difference in the activity
of hexokinase and other glycolytic enzymes.

Supplementary material available online

Supplementary Table I available online at http:/
informahealthcare.com/doi/abs/10.3109/0284186X.
2015.1054952.

Conclusion

This study indicates that metastases of ILBrCa are
FDG avid and that negative results correlate well
with absence of metastatic disease. While further
validation on a larger patient group is required, our
results support use of F-18-FDG PET/CT for sys-
temic evaluation and follow-up of patients with
ILBrCa.
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