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Previous studies have pointed to the suboptimal sensitivity
of 18F-FDG PET in assessing axillary lymph node status in
breast cancer patients [1, 2]. In this issue of The European
Journal of Nuclear Medicine and Molecular Imaging,
Heusner and colleagues from the University Hospital of
Essen bring further evidence to this statement. The study
shows that contrast-enhanced full-dose FDG PET/CT is also
not able to replace the sentinel lymph node biopsy technique
(SLNB) or axillary lymph node dissection (ALND) for
axillary staging [3]. The authors retrospectively examined
the data of 61 consecutive women with histopathologically
confirmed breast cancer who had received an i.v. contrast-
enhanced whole-body FDG PET/CT. Twenty-four patients
(39%) had preoperative clinical stage T1 [4], while the
others had larger tumours. In all patients, the ipsilateral

axilla was assessed for lymph node metastases either with
SLNB, ALND or both.

Of the 61 patients, 24 had axillary lymph node
metastases. The sensitivity of FDG PET/CT on a patient
basis was 58% [3]. The ten axillary fossae which were
falsely negative on FDG PET/CT contained 1.8 lymph node
metastases on average (range: 1–4). In one case, a 2.4 cm
invaded lymph node immediately adjacent to the primary
tumour was overlooked by FDG PET/CT because of
mistaking it as a part of the primary tumour. In the other
missed cases, the size of the metastatic deposits ranged
from 0.8 to 6 mm. FDG findings in the axillary fossae came
out to be false-positive in three patients. The positive
predictive value was 82% (14/17). The authors conclude
that FDG PET/CT cannot replace invasive approaches for
axillary staging in breast cancer patients but may be helpful
as a pre-test for the triage to SLNB versus ALND.

Can FDG PET/CT influence the decision on SLNB
versus ALND?

Today, SLNB has widely been accepted in small primary
tumours as a less invasive alternative to ALND [5]. However,
there is still debate about its use in tumours larger than 2–
3 cm, and many authors prefer maintaining routine ALND.
Reluctance of some authors to use SLNB in tumours larger
than 2–3 cm is linked to several reasons: The false-negative
rate of SLNB (usually close to 5–10%) may be judged too
high to be applied to this population with high prevalence of
axillary lymph node metastases (≥40%). Also, if pathology
results are not known immediately, a substantial number of
patients with positive SLNB would be exposed to a second
surgical procedure (11 patients in the study of Heusner et al.
underwent SLNB and subsequent ALND) [3].
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Today, patients with T1 (≤2 cm) tumours represent the
majority of newly diagnosed breast cancer patients, given
improved screening in Western countries. FDG PET/CT has
probably no role at initial staging in these patients.
Sensitivity in detecting axillary involvement is too low
and cannot be used as a substitute to SLNB. The probability
of finding distant metastases is also low.

The situation is different when considering the use of
SLNB in patients with larger tumours (especially so beyond
3 cm). In these patients, it seems wise to try to exclude
macrometastases by an imaging technique, such as ultra-
sound coupled with fine-needle biopsy of a suspicious
node, or FDG PET/CT, before applying the SLNB
procedure [5]. By identifying 50% or more of cases of
clinically occult lymph node disease in the axilla, FDG
PET/CT will reduce the risk linked to false-negative SLNB.
It is important to point out that in some cases a false-
negative SLNB can be due to massive invasion of a sentinel
node that has lost its functional capacity of phagocytosis.
Because the positive predictive value is high (82% in the
study of Heusner et al.), patients with positive FDG PET/
CT in the axilla will receive ALND, thus avoiding the risk
of a two-step surgical procedure.

In many centres, patients with large breast tumours are
treated by primary chemotherapy before breast surgery.
There is large debate on whether SLNB is accurate enough
after neoadjuvant chemotherapy or if it should be per-
formed before starting chemotherapy [5]. FDG PET/CT
might be helpful in this regard. When findings at the axilla
are unremarkable on FDG PET/CT before chemotherapy,
this would increase the level of confidence, making a post-
chemotherapy SLNB procedure an acceptable choice.

While FDG PET/CT might serve in expanding the use of
SLNB, there are many other justifications for the use of
FDG PET/CT at initial staging of patients with large breast
tumours. Several studies have documented the value of 18F-
FDG PET in locally advanced and inflammatory breast
cancer [6, 7], but also in populations comprising clinical
stage II patients [8, 9].

We hereafter discuss the different roles that PET/CT may
play in initial assessment.

Primary tumour assessment

In the study of Heusner et al., the primary tumour was FDG
PET positive in 87% of cases [3]. However, 39% of
patients had clinical stage T1. Given the limited spatial
resolution, FDG PET can miss small lesions, and this is
especially true for low-grade tumours and lobular carcino-
ma [10]. In a recent study, among 32 invasive tumours
>2 cm, 31 (97%) were well visualized with FDG PET [8].
PET might, however, miss additional small foci of breast

cancer. The T stage of large tumours and multifocality are
usually assessed with MRI.

In practice, the main contribution of PET in local tumour
assessment consists in measuring FDG uptake using the
standardized uptake value (SUV), which is useful to
evaluate early response to preoperative primary chemother-
apy [11, 12]. Assessing early response with PET could be
useful to avoid maintaining an ineffective chemotherapy
and to decide optimal timing for surgery.

Axillary and extra-axillary lymph node staging

Heusner and colleagues do not provide us with a full
description of the anatomical distribution of involved
nodes. Depicting lymph node involvement in levels or
basins other than those addressed by routine ALND may
have major impact on treatment strategies. Many studies
suggest that FDG PET performs better than conventional
imaging in depicting involvement in high-level axillary
(Berg level III) as well as in supraclavicular and internal
mammary lymph nodes [8, 9, 13–15]. PET/CT is particu-
larly appealing compared to PET alone as it provides the
precise location of involved nodes [7–9]. Also, false-
positives resulting from muscular and brown fat uptake
are avoided. In a prospective study of 60 breast tumours
larger than 3 cm, PET/CT revealed unsuspected infracla-
vicular node involvement (N3a) in two patients, supra-
clavicular node involvement (N3c) in one patient and
contralateral axillary involvement (M1) in one patient [9].
Differentiating level III axillary lymph nodes (infraclavic-
ular lymph nodes located superomedially to the pectoralis
minor muscle) is important since axillary clearance usually
addresses Berg level I and II nodes only. Surgical studies
have demonstrated that level III node involvement (N3a)
results in a poorer prognosis [16]; a modified surgical
approach is then useful [8].

Detection of extra-axillary involvement (supraclavicular
and/or internal mammary lymph nodes) is also very helpful
in delineating radiotherapy target zone or schedule surgery.
Patients with supraclavicular lymph nodes (N3c) can
receive more intensive treatment combining induction
chemotherapy, surgery, postsurgical chemotherapy and
irradiation, which improves the disease-free survival and
overall survival [17]. Again, visualization of an internal
mammary hot node on initial PET/CT can lead to the
decision on surgery and/or radiotherapy [8].

Assessing distant metastases

The findings of metastasis on the initial work-up radically
changes treatment approaches. FDG PET [14, 18, 19] and

1540 Eur J Nucl Med Mol Imaging (2009) 36:1539–1542



especially FDG PET/CT [7–9] perform better than classic
modalities to demonstrate occult metastases. In a retrospec-
tive study on 41 patients with inflammatory breast cancer,
PET/CT demonstrated distant metastases in 20. In seven of
these patients, metastatic involvement was initially missed
by conventional imaging [7].

Two prospective studies have evaluated PET/CT in the
initial work-up of less advanced breast cancer [8, 9]. Our
study included 39 patients with stage II or III breast cancer
after conventional work-up [8]. PET/CT revealed occult
metastases in four patients. These were bone metastases in
three patients and pleural involvement in one patient [8].
Fuster et al. studied 60 consecutive patients with breast
cancer stage IIb or higher [9]. PET/CT sensitivity and
specificity in detecting distant metastasis were 100 and
98%, respectively, versus 60 and 83% for conventional
work-up (contrast-enhanced chest CT, liver ultrasonogra-
phy, 99mTc-HDP bone scan). Metastases missed by con-
ventional work-up were visualized in eight patients. The
sites of involvement were bone (six cases), and/or lung
(two cases) and/or liver (two cases).

In the two above-mentioned studies, bone was the most
frequent site of occult distant metastasis documented with
PET/CT. It is well acknowledged that FDG PET performs
better than bone scan for lytic metastases and for early
intra-medullary involvement, but has lower sensitivity in
cases of pure osteoblastic lesions [20].

PET/CT is also highly sensitive in detecting pleural,
mediastinal, abdominal and pelvic metastases. In the study
by Fuster et al., PET/CT diagnosed both patients with liver
metastases, whereas liver ultrasound detected only one of
the two cases [9]. PET performs well to assess lung nodules
larger than 1 cm, but it lacks sensitivity in smaller lesions,
due to partial volume effect and respiratory motion. Careful
reading of the CT images may depict small pulmonary
nodules that do not present as hot spots on PET. However,
CT obtained under free breathing conditions is still less
sensitive than classic (breath-holding) CT. The main
limitation of PET is its low sensitivity for brain metastases.

There remain some uncertainties about which clinical
stages of breast cancer require a PET study. Routine use of
PET may expose subjects to the drawback of false-positive
findings. The ratio of false-positive to true-positive
increases with decreasing stage. Large studies are therefore
necessary to better assess the specific role of PET/CT in
stage II patients, and in each of the subgroups IIa and IIb.

In conclusion, based on available literature, PET/CT
appears to perform better than conventional modalities in
the initial work-up of breast cancer patients. PET/CT allows
diagnosis of infraclavicular, supraclavicular and internal
mammary node involvement and can depict occult distant
metastases. Preliminary findings from Heusner and col-
leagues suggest that the information provided by FDG PET/

CT might be useful in extending the indication of SLNB to
patients with tumours larger than 2–3 cm [3]. The role of
PET in assessing response to neoadjuvant chemotherapy is
also growing, and a baseline PET is necessary for that
purpose. PET/CT at initial staging could thus become an
unavoidable modality to answer a large set of clinical
situations. But the exact clinical stage (III, IIb, IIa) for
which PET/CT could be systematically performed with a
favourable balanced cost-effectiveness is uncertain. A large
multi-institutional trial should be encouraged to clarify this
point.
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