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Abstract

Purpose The purpose of this pilot study was to assess
whether outcome in metastatic or recurrent breast cancer
patients is related to metabolic response to endocrine
therapy determined by '*F-FDG PET/CT.

Methods The study group comprised 22 patients with
breast cancer (age 58+11 years, mean+SD) who were
scheduled to receive endocrine therapy. They were system-
atically assessed by PET/CT at baseline and after a mean of
10+4 weeks for evaluation of response after induction. All
patients demonstrated FDG-avid lesions on the baseline
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PET/CT scan. The metabolic response was assessed
according to EORTC criteria and based on the mean
difference in SUV,,,, between the two PET/CT scans, and
the patients were classified into four groups: complete or
partial metabolic response, or stable or progressive meta-
bolic disease (CMR, PMR, SMD and PMD, respectively).
All patients were followed in our institution.

Results Metastatic sites were localized in bone (n=15),
lymph nodes (n=11), chest wall (n=3), breast (n=5),
lung (n=3), soft tissue (n=1) and liver (n=1). PMR was
observed in 11 patients (50%), SMD in 5 (23%) and
PMD in 6 (27%). The median progression-free survival
(PFS) times were 20, 27 and 6 months in the PMR, SMD
and PMD groups, respectively. PFS in the SMD group
differed from that in the PMR and SMD groups
(»<0.0001).

Conclusion Metabolic response assessed by FDG PET/CT
imaging in patients with metastatic breast cancer treated
with endocrine therapy is predictive of the patients’ PFS.

Keywords Metastatic breast cancer- PET/CT- "*F-FDG -
Endocrine therapy - Therapy response

Introduction

Nearly 70% of all breast cancers express oestrogen
receptors (ER), and this expression is recognized to be a
favourable prognostic factor. A large proportion of patients,
particularly postmenopausal women, would therefore ben-
efit from endocrine therapy, which has moderate side
effects, at many stages of the disease, especially in the
presence of progressive disease in a local/regional and/or
metastatic setting [1]. Endocrine sensitivity is linked to
certain clinical benefits in 30-77% of patients at the
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initial stage, decreasing to 7-21% of patients with
recurrent disease [2]. Endocrine therapy in the advanced
disease setting constitutes a relatively low-toxicity treat-
ment option for disease control and should be proposed as
first-line treatment in most women with endocrine-
sensitive metastatic breast cancer, i.e. with a long
disease-free interval, no (or limited) visceral involvement,
slow disease progression, limited metastatic sites and no
disease-related symptoms [1]. Knowledge of endocrine
receptor expression, usually determined at the time of
primary diagnosis by immunohistochemistry, is essential
to select the most appropriate therapy. However, ER
determinations may be limited by sampling errors,
heterogeneity of receptor content in the primary tumour,
absence of endocrine receptor expression in metastatic
and/or recurrent sites leading to discordance with the
endocrine status of the primary breast tumour, and
nonfunctionality of receptors. These limitations may
explain why only 30-40% of patients with ER-positive
breast cancer respond objectively to endocrine therapy.
Except for the uncommon clinical flare reaction that
occurs 7-10 days after induction of endocrine therapy,
tumour response to endocrine therapy, as assessed by
clinical, laboratory and imaging examinations, is generally
delayed by several months after induction, compared to
neoadjuvant chemotherapy [3].

Diagnostic imaging tools able to assess response to
endocrine therapy are currently lacking, particularly those
for evaluation of the impact of treatment on bone and
lymph node metastases. During the past decade, the
usefulness of '*F-FDG PET imaging has been demonstrated
in patients with breast cancer, particularly for the assess-
ment of tumour response to therapy. Most published studies
have assessed tumour response to chemotherapy, especially
in the neoadjuvant setting [4—10], and have demonstrated a
high correlation with pathological response or predicted
outcome in patients with metastatic disease [11-13].
Whole-body PET/CT imaging can be highly effective for
assessing response to therapy in diffuse metastatic disease,
especially in the skeleton, where morphological imaging
modalities mostly fail. Several studies have shown that the
metabolic flare reaction, corresponding to an increase in
tumour FDG uptake 7-10 days after initiating endocrine

Fig. 1 Study timeline Consultation
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therapy, is predictive of response [14, 15], but data are
lacking on the delayed effect of endocrine therapy on
tumour metabolism.

The purpose of this pilot study was to assess whether
the outcome evaluated in terms of overall survival (OS)
and progression-free survival (PFS) in patients with
metastatic breast cancer receiving endocrine therapy is
related to the metabolic response established by FDG
PET/CT imaging.

Materials and methods
Study design
Inclusion and protocol

Patients with metastatic breast cancer who were scheduled
to receive endocrine therapy were prospectively included
from January 2003 to October 2006. According to National
Comprehensive Cancer Network guidelines and consensus
on medical treatment in metastatic breast cancer, all patients
had hormone receptor-positive HER2-negative disease, no
disease-related symptoms, no visceral involvement (with
the exception of one small liver metastasis in a patient who
refused chemotherapy), and a long disease-free interval.
The endocrine receptor status was assessed for the primary
tumour in all patients and for metastatic sites in three
patients. Inclusion criteria included FDG-avid lesions on
the baseline PET/CT scan (PET;), performed less than
7 days before induction of endocrine therapy. A second
PET/CT scan (PET,) was performed for evaluation of
response during the first weeks of therapy, and up to
4 months after induction of endocrine therapy. The optimal
interval between the two PET/CT scans was determined as
8+2 weeks (Fig. 1). Lesions seen on PET/CT in both the
PET, and PET, scans were compared with morphological
imaging, including CT, MRI, ultrasonography, standard
radiography and bone scintigraphy. Serum CA 15-3 levels
were consistently measured before each PET/CT scan. The
study was approved by our institutional review board/local
ethics committee, and all patients gave their informed
consent.
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Immunohistochemistry staining

Endocrine receptor expression was assessed using the
antioestrogen receptor antibody Dako-ER 1D5 (Dako,
Trappes, France) at a dilution of 1:30 and the antiproges-
terone receptor antibody PR 1A6 (Novocastra Laboratories,
Newcastle, UK) at a dilution of 1:30. C-erb-B-2 oncopro-
tein expression was detected using a polyclonal antibody
(Dako) at a dilution of 1:300. Tumours were scored as
positive for ER and progesterone receptors when nuclear
staining was identified in at least 10% of cells and for c-
erb-B-2 when definite membrane staining was identified in
at least 10% of cells. Staining for these markers was
classified as positive or negative (two-group classification).

Patient follow-up

All patients were followed in our institution for at least
4 years. Treatment decisions were based on clinical,
laboratory or imaging data, including the PET/CT results,
discussed during multidisciplinary ward rounds. PFS and
OS were calculated, as all patients were followed, even
after progression.

FDG PET/CT acquisition

PET/CT scans were performed with a Discovery LS (GE
Healthcare, Waukesha, WI) with attenuation-corrected
images and coregistered PET/CT images. Patients fasted
for at least 6 h before the examination and blood glucose
had to be less than 9 mmol/l before injection of FDG. FDG
(5 MBqg/kg) was injected intravenously using the arm
opposite the breast cancer or into a dorsal vein of the foot.
PET data were acquired 60 min after injection from skull to
mid-thigh in 2-D mode, with 4 min per bed position.
Patients were allowed to breathe freely and CT images were
acquired without contrast enhancement.

PET/CT analysis

PET/CT scans were reviewed by two nuclear medicine
physicians trained in PET imaging on an Advantage Windows
workstation (GE Healthcare). FDG-avid target lesions were
identified in each patient on PET, and were followed on
PET,. All target lesions on PET; were confirmed to be
metastatic by morphological imaging. Semiquantitative
analyses were performed using the maximum standardized
uptake value (SUV,,.) calculated for each target on a 3-D
volume of interest, according to the following formula:

SUVpw=|tissue concentration (MBq/mL)]
/ [injected dose (MBq) / body weight (g)].

@ Springer

The changes in SUV ., between the PET,; and PET,
scans were recorded for the seven highest SUV ., targets.
The mean change in SUV,,,, of these targets (MASUV .y,
in percent) was then calculated for each patient, allowing
classification of patients according to EORTC criteria [16]
into the following groups:

* Complete metabolic response (CMR): complete resolu-
tion of '"®F-FDG uptake in the tumour volume (indis-
tinguishable from surrounding normal tissue).

» Partial metabolic response (PMR): at least 25% reduc-
tion in tumour uptake.

» Stable metabolic disease (SMD): less than 25% increase
or less than 25% decrease in tumour '*F-FDG SUV and
no visible increase in extent of tumour uptake.

* Progressive metabolic disease (PMD): greater than 25%
increase in '"F-FDG tumour SUV within the tumour
region defined on the baseline scan, visible increase in
the extent of '"*F-FDG tumour uptake (>20% in the
longest dimension) or appearance of new '°F-FDG
uptake in metastatic lesions.

Statistical analysis

Survival curves were constructed using the Kaplan-Meier
method [17] and compared with the log-rank test. Statistical
analyses were performed using R 2.0.1 software.

Results
Population

Table 1 summarizes the patient characteristics.

The study group comprised 22 women aged 58+11 years
(mean+SD; range 40-82 years, median 61 years). Primary
tumours were invasive ductal carcinoma in 17 patients
(77%), invasive lobular carcinoma in 2 patients and
unknown in 3 patients. All tumours had biopsy-proven
ER-positive status and 86% had progesterone receptor-
positive status. Immunohistochemistry was performed on
the primary tumour in all patients, and on metastases in
three patients. Of the 22 patients, 15 (68%) had received at
least one line of chemotherapy prior to this study, while
only three patients had not received any adjuvant therapy,
16 (73%) had been previously treated with local/regional
adjuvant radiotherapy, and 15 (68%) had received endo-
crine therapy. The time since the last dose of previous
endocrine therapy and the start of new endocrine therapy
was 17.8£29.5 months (median 19.5 months, range 1-
84 months). Four patients (18%) had metastatic disease at
diagnosis and 18 (82%) relapsed (interval between initial
diagnosis and metastasis: 9.5+11 years). Metastatic disease
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was confirmed by additional morphological imaging or
histopathology (available in three patients). Disease exten-
sion was multiorgan in 12 patients and confined to a single
organ in 7 patients, and 3 patients had a single metastatic
lesion (bone in two patients and lymph node in the third
patient). Metastases were localized in bone 15 patients
(68%), lymph nodes in 11 (50%), chest wall in 3 (14%),
lung in 3 (14%), soft tissue in 1 (5%) and liver in 1 (5%).
Five patients (23%) had an additional contralateral breast
lesion. Exclusive endocrine therapy initiated in these
patients consisted of aromatase inhibitors in 16 patients
(73%), antioestrogens in 5 (23%) and progestogen in 1. In
addition, 6 patients (27%) had combined therapy with
LHRH agonist (Table 2). The duration of follow-up was
55.4+£19.4 months (median 54 months, range 16—
96 months).

PET/CT analysis

A median of 3.2 PET/CT scans were performed per patient
(mean 3.2+1, range 2-5), corresponding to a total of 71
PET/CT scans. The median interval between the PET; and
PET, scans was 9 weeks (mean 10+4, range 5—18 weeks).
The median SUV,,,, at baseline was 5.8 (mean 6.2+2.6).
According to EORTC criteria, using the mean change in
SUVax (MASUV,..) between the PET; and PET, scans
(cut-off 25%), patients were classified as follows: 11 PMR
(50%), 5 SMD (23%), 6 PMD (27%) and 0 CMR (Table 3).

The median decrease in mASUV ., was 45% (mean
50+17%, range —31.6 to —82.6%) in the PMR group and
19% (mean 11+15%, range —22.9 to +12.8%) in the SMD
group (Fig. 2). In the six patients with PMD, four (67%)
showed a new hypermetabolic metastatic lesion on the
PET, scan, localized in bone in two, in lymph nodes in
one and in the contralateral breast in one. One patient had
a marked increase in mASUV ., (+241%), and the only
patient with a dissociated response was also classified as
PMD (Fig. 3). This patient showed metastatic lesions in

Table 2 Endocrine therapies initiated in the patients

bone (T8 vertebra and iliac bone) and liver (right lobe) on the
PET; scan. The PET, scan demonstrated an increased
SUVpnax in the liver lesion (ASUV ,.x +48%), stability in
the T8 lesion (ASUV, . +5%) and decreased uptake in the
iliac bone lesion (ASUV.x —51%). No other new hyper-
metabolic lesions were detected. Due to the increased uptake
in the liver lesion, this patient was classified as PMD. A
contrast-enhanced CT scan and MRI performed 1 week after
the PET, scan confirmed progression of liver metastases, and
the patient showed further signs of progression during the
6 months after induction of endocrine therapy. No difference
in terms of organ sites was observed between the PMD and
PMR groups, with a mean number of targets of 1.6 and 2,
respectively.

Prognostic parameters

Progression-free survival The median PFS for the overall
population was 16 months (mean 21.6+£18.5, range 4-—
65 months). The median PFS was 20, 27 and 6 months in
the PMR, SMD and PMD groups, respectively (Fig. 4). All
patients in the PMD group showed documented progression
within 7 months. Of note, three patients still had no signs of
progression at the time of this analysis (one patient in the
SMD group and two in the PMR group) after 53, 50 and
55 months of follow-up, respectively. The PFS in patients
in the PMD group was significantly different from that in
patients in the PMR group and SMD group (p<0.0001, log-
rank test). No significant difference was observed between
the PFS in patients in the PMR group and SMD group (p=
0.603, log-rank test); these two groups were therefore
combined. The difference in PFS was still highly significant
between patients in the PMD group and those in the merged
PMR and SMD groups (»p<0.0001, log-rank test; Fig. 5).

Overall survival At the time of this analysis, 13 of the 22
patients (59%) were still alive. The median OS was 55, 71 and
52 months in the PMR, SMD and PMD groups, respectively

Type of therapy International nonproprietary
name (trade name)

No. (%) of patients Combined LHRH agonist (7)

Triptorelin Leuprorelin Goserelin
(Decapeptyl) (Enantone) (Zoladex)

Aromatase inhibitors Letrozole (Femara)
Anastrozole (Arimidex)
Exemestane (Aromasine)

Antioestrogens

Selective oestrogen receptor modulators Tamoxifen (Tamoxifen)

Oestrogen receptor downregulators Fulvestrant (Faslodex)

Progestogen Megestrol (Megace)

9 (41) 1
4 (18) 1 1
3(13)

4 (18) 1 1 1
1(5)
1 (5)

@ Springer
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Table 3 Survival of patients in relation to metabolic response

Response No. (%) of patients ~ Median survival (months)
PFS* os®

Complete 0 - -

Partial 11 (50) 20 55

Stable disease 5 (23) 27 71

Progression 6 (27) 6 52

*Median PFS: p<0.0001.
" Median OS: p nonsignificant

(Fig. 6). No statistically significant differences was observed
among the three groups (p=0.338, log-rank test).

Morphological imaging and CA 15-3 analysis

All lesions seen on the PET/CT scans were confirmed by
morphological imaging including MRI (n=14), contrast-
enhanced CT (n=9), bone scintigraphy (n=7), standard
radiography (n=4), mammography (n=2) and abdominal
and pelvic ultrasonography (n=1), or by fine-needle
aspiration (n=3). Morphological changes in bone lesions
were assessed on the low-dose CT component of PET/CT in
13 of the 15 patients with bone metastases for whom CT
data were available. The results were as follows:

*  Four patients in the PMR group and one patient in the SMD
group showed osteolytic lesions that became osteoblastic.

Fig. 2 Partial metabolic
response. Axillary lymph node
disease (arrows) is seen on the .
PET, scan. Decreased uptake is
apparent on the PET, scan (60%
decrease in SUV ,,,). Data were
confirmed by MRI. The PFS
was 76 months in this patient

e Four patients in the PMD group showed osteolytic
lesions that remained osteolytic.

» Three patients in the PMR group showed osteoblastic
lesions on the two PET/CT scans.

*  One patient in the SMD group showed mixed-pattern
lesions.

Serum CA 15-3 levels (upper limit of normal values in
healthy individuals 30 IU/ml) were measured before each
PET/CT scan. Baseline serum CA 15-3 levels were less
than 30 IU/ml in six patients. The CA 15-3 false-negative
rate in this metastatic population was therefore 26%. No
association between changes in CA 15-3 values and
metabolic response was observed, but only limited varia-
tions in CA 15-3 values were observed in most patients
(Table 1).

Discussion

In human breast cancer, assessment of tumour response to
therapy is critical in order to avoid unnecessary side effects
and ineffective treatment in nonresponders, and to allow a
rapid change in treatment to ensure greater efficacy. This
assessment is routinely based on clinical examination and
morphological imaging, which both present certain limi-
tations. The main limitation is that tumour response
assessment is based on changes in the size of lesions, as
illustrated by the use of the RECIST criteria (Response
Evaluation Criteria in Solid Tumors), which do not reflect
tumour cell viability. Moreover, these measurements are

@ Springer
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Fig. 3 Progressive metabolic
disease. Bone (T8 vertebra) and
liver metastases (arrows) are
seen on the PET, scan. In-
creased uptake in the liver lesion
is apparent on the PET, scan
(48% increase in SUV ,,4), and
liver progression was confirmed
on an enhanced CT scan. The
PFS was 7 months in this patient

PET,

subject to interobserver variability, lack accuracy and are
not suitable for assessment of tumour response to
targeted therapies, particularly those with cytostatic
effects. Molecular imaging allows noninvasive visualiza-
tion of regional functional and molecular characteristics,
and provides quantitative parameters. This is particularly
true in bone-dominant disease, in which morphological
modalities fail to assess tumour response [18] and in
which endocrine therapy plays a major role. Tumour FDG

o "
S — Log rank; p value < 0.0001
& Partial Response
=
© L
Stable
P Y
&
b A
o
a8
o | Progression
o
0 20 40 60 80 months

Fig. 4 PFS in the PMR, SMD and PMD groups
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PET,

uptake can therefore be used as a surrogate marker to
monitor early response to therapy. This issue has been
addressed in two studies focusing on morphological and
metabolic changes in bone metastases in response to
treatment [19, 20]. According to Du et al., progression of
FDG uptake reflects the immediate tumour activity of
bone metastases. [19]. Progression of osteoblastic changes
during treatment, which can be explained by bone

o .
- Log rank; p value < 0.0001
o
[=]
. Partial Response + Stable
w
[=]
w
&
<
[=]
8 L
' \Progression
[=]
[=]
0 20 40 60 80 months

Fig. 5 PFS in the merged PMR and SMD in comparison with the
PMD group
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Fig. 6 Overall survival in the PMR, SMD and PMD groups

formation, is correlated with decreases in SUV and these
two factors are predictive of response duration according
to Tateishi et al. [20].

In previous studies assessing early tumour response to
neoadjuvant chemotherapy by PET imaging, the most
widely used criterion to differentiate responders from
nonresponders was a cut-off for the percentage SUV .«
change (ASUV,,.x) between baseline and evaluation PET
scans [4—10]. However, the use of this criterion has several
limitations. First, SUV ., measurements have a number of
shortcomings. SUV ,,.x must be analysed with caution in the
presence of elevated blood glucose and/or insulin levels;
however, all patients in the present study were fasting and
had a blood glucose level within the normal range. The
reproducibility of SUV,,.. depends on the time between
injection and acquisition, which must be similar between
PET examinations in the same patient to allow valid
comparison. It has recently been demonstrated that ASUV, .
is influenced by the drug regimen [21], and the time between
serial PET scans. Finally, an overlap of values in responders
and nonresponders is not uncommon, and it is difficult to
recommend a reference value for the ASUV ., cut-off value,
since parameters were different between the various studies
(chemotherapy regimens and number of cycles between the
baseline and evaluation PET scans).

Only one study has focused on the assessment of response
to neoadjuvant endocrine therapy by FDG PET/CT and
discriminated responders from nonresponders using a
decrease in SUV ., of 40% as the cut-off. The results
were correlated with the Ki-67 labelling index, a proliferation
biomarker, assessed 2 weeks after initiation of therapy [22]. A
positive correlation between the percent Ki-67 labelling
index and SUV uptake in primary tumours has been found in

several studies [23-25]. This observation may explain why
SUVnax decreased in the PMR group in our series with
endocrine therapy, which was shown to reduce the Ki-67
labelling index in the affiliated IMPACT randomized trial
[26]. Decreases in Ki-67 labelling index assessed 2 and
12 weeks after initiation of endocrine therapy [27] are
significantly correlated with relapse-free survival in patients
after surgery [28].

In the present study, determination of a cut-off in a
selected group of metastatic patients did not appear to be
relevant, and the criteria defined by the EORTC PET study
group [16], validated in several solid tumour models and
based on the SUV,,,« change on serial FDG-PET studies,
were therefore used to classify tumour response. However,
these criteria are based on cut-off values that are still open
to debate, because they do not take into account the type of
therapy and are not sufficiently accurate in borderline
situations. We decided to use a reduction in mASUV ., of
25% as a cut-off value to define PMR, considering that the
tumour response to endocrine therapy is slower than to
chemotherapy, and according to the EORTC criteria which
proposed a greater than 25% reduction in tumour SUV after
more than one treatment cycle, although the minimum
reduction in tumour SUV was 15+£25% after one cycle of
chemotherapy [16]. The relevance of a cut-off of +25% to
discriminate SMD from PMD or —25% to discriminate
SMD from PMR might be questioned: four patients were in
this situation in the present study with a mASUV .,
between 21% and 33% (patients 7, 8, 11 and 18). The
impact of this difficulty in classifying patients would appear
to have been limited in the present study because patients in
the PMR and SMD groups could be combined for statistical
analysis, and most patients in the PMD group showed
obvious new hypermetabolic lesions. Moreover, the
mASUV, .« 1S an approximate assessment for defined
targets, limited to seven, and assessment of patients with
several lesions remains more delicate. A dissociated
response in the metastatic setting is not unusual: it was
observed in 48% of a series of 46 metastatic breast cancer
patients and has been shown to be associated with a poor
prognosis, as assessed by a short time to progression [29].

To our knowledge, this is the first study to investigate
the predictive value of metabolic response in breast
cancer metastatic disease obtained after induction of
endocrine therapy, and which demonstrates that PFS,
one of the most widely used parameters to reflect
outcome in oncology, is related to metabolic response.
The main objective of endocrine therapy, which remains
a palliative option in this population, is to obtain at least
disease stabilization and at best a response. PET/CT
seems to be a valuable tool to identify the subgroup of
patients likely to benefit from continuation of therapy, as
shown in our series. The PFS in patients in the PMD
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group was significantly different from the PFS in patients
in the PMR and SMD groups (p<0.0001), whereas the
OS of patients in these various groups were not different
(»p=0.338). This last observation could be explained by
several factors: first, the high rate of patients still alive (13/22)
after completion of the present study makes any conclusions
based on OS analysis uncertain; second, it must be stressed
that OS benefits from endocrine therapy are rarely observed in
patients with metastatic disease. Moreover, increases or
decreases in serum CA 15-3 levels were in agreement with
the PET imaging results in only 66% of patients. This
observation confirms that serum CA 15-3 assay, used as the
sole criterion for assessment of response to therapy in
metastatic breast cancer patients during active therapy, cannot
be recommended and must be associated with diagnostic
imaging [30], history and physical examination [31].
Moreover, the sensitivity of serum CA 15-3 levels for the
detection of tumour recurrence was fairly low in the present
series with a false-negative rate of 26%.

This pilot study has several limitations, as patients may
have received different endocrine therapies, although the
majority of patients (73%) were treated with aromatase
inhibitors. This diversity in treatment modalities could be
related to the previously administered adjuvant therapies.
Moreover, this prospective population included a limited
number of patients with heterogeneous situations includ-
ing patients with metastatic disease at either initial
diagnosis or relapse. ER positivity was not systematically
confirmed by pathological analysis of the metastasis, but
this is a very common in patients with metastatic breast
cancer, provided that imaging is positive, and endocrine
therapy is decided only on the ER positivity of the
primary tumour. Nevertheless, patients with positive
Her2 expression were not included since these patients
usually do not respond to endocrine therapy, particularly
tamoxifen [32]. The optimal interval between the two PET
scans was defined as 8+2 weeks, allowing the two PET
scans to be performed during the 12-week interval
between the two oncologist visits, but a variation of this
time interval was observed (mean=SD of 10+4 weeks)
due to patient convenience and/or oncologist planning.
Finally, the PET/CT scan results were known by the
oncologists, which may have influenced their decision-
making, and the PFS value.

Very few PET studies assessing endocrine therapy are
available. The main parameter evaluated is the flare
reaction induced after oestradiol challenge. Based on the
clinical observation of a flare reaction characterized by
bone and soft-tissue pain and cutaneous erythema
generally occurring within 7-10 days after induction of
endocrine therapy in 5-20% of patients, the metabolic
flare reaction, reflected by increased tumour FDG
uptake, was studied by the Mallinckrodt Institute of
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Radiology in St Louis, Missouri. This group showed that
this reaction is predictive of the response to endocrine
therapy [14, 15]. This group has also developed ER in
vivo FES PET imaging using 16«-['*F]fluoroestradiol-
173 [33] to characterize the in vivo functional status of
ER. FES uptake in metastases on a baseline PET scan and
its intensity assessed by SUV were higher in responders
than in nonresponders [14, 34, 35]. The decreased FES
uptake observed after induction of antioestrogen therapy,
due to selective competition and binding of antioestrogen,
was greater in responders than in non-responders among
11 metastatic patients [14].

More recently, Dehdashti et al, have demonstrated that
FES uptake on baseline PET scan and the flare reaction
with FDG after oestradiol challenge may both be predictive
of response [36]. The proposed explanation for the
increased tumour FDG uptake after oestradiol challenge is
an increase in cell growth. A recent study has shed new
light on the biofactors that influence cancer cell glucose
metabolism [37]. The authors showed that 173-oestradiol is
able to increase '*F-FDG uptake by stimulating glycolysis
and hexokinase in oestrogen-responsive breast cancer cells,
but this action is not mediated by nuclear ER but via the
membrane-initiated rapid PI3K-Akt activation pathway.
This observation might illustrate why non-nuclear ER
could constitute a target for oestrogen action, with effects
on glucose metabolism. The underlying question raised by
Linden and Mankoff [35] is, among the currently available
biomarkers, which one is the more relevant to predict
response to endocrine therapy by molecular imaging:
glycolysis (FDG) or proliferation (FLT)? Other radio-
labelled agents including ''C-methionine or FLT [38—40]
have also been studied to evaluate early response to therapy
in advanced breast cancer, but no conclusion can yet be
drawn from these preliminary studies.

Conclusion

In this pilot study in a small group of patients with
metastatic breast cancer at either initial diagnosis or
relapse, FDG PET/CT appeared to be predictive of
response to endocrine therapy and reflected patient
outcome as assessed in terms of PFS. These findings
need to be confirmed in further prospective studies based
on a larger number of patients. PET imaging combining
FES and FDG is very promising. FES PET performed at
baseline could be useful in evaluating whether ERs are
present and functional in primary or metastatic lesions,
while FDG appears to be predictive of response to
endocrine therapy.
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