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After encouraging preclinical and human dosimetry results for the
novel estrogen receptor (ER) PET radiotracer 4-fluoro-11B-methoxy-
16a-18F-fluoroestradiol ('8F-4FMFES), a phase Il clinical trial was
initiated to compare the PET imaging diagnostic potential of '8F-
4FMFES with that of 16a-'8F-fluoroestradiol ('8F-FES) in ER-positive
(ER+) breast cancer patients. Methods: Patients diagnosed with
ER+ breast cancer (n = 31) were recruited for this study, including
6 who underwent mastectomy or axillary node dissection. For each
patient, 18F-FES and "8F-4FMFES PET/CT scans were done sequen-
tially (within a week) and in random order. One hour after injection of
either radiotracer, a head-to-thigh static scan with a 2-min acquisition
per bed position was obtained. Blood samples were taken at different
times after injection to assess each tracer metabolism by reverse-
phase thin-layer chromatography. The SUV e Of Nnonspecific tissues
and the SUV,,,ax Of the tumor were evaluated for each detected lesion,
and tumor-to-nonspecific organ ratios were calculated. Results:
Blood metabolite analysis 60 min after injection of the tracer showed
a 2.5-fold increase in metabolic stability of '8F-4FMFES over '8F-FES.
Although for most foci '8F-4FMFES PET had an SUVy,,x similar to that
of 18F-FES PET, tumor contrast improved substantially in all cases.
Lower uptake was consistently observed in nonspecific tissues for
18F-4FMFES, notably a 4-fold decrease in blood-pool activity as com-
pared with '8F-FES. Consequently, image quality was considerably
improved using '8F-4FMFES, with lower overall background activity.
As a result, '8F-4FMFES successfully identified 9 more lesions than
18F-FES. Conclusion: This phase Il study with ER+ breast cancer
patients showed that '8F-4FMFES PET achieves a lower nonspecific
signal and better tumor contrast than '8F-FES PET, resulting in im-
proved diagnostic confidence and lower false-negative diagnoses.
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Knowledge of the estrogen receptor (ER) status is of the
utmost importance for the prognosis and choice of treatment
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modality in breast cancer. Although biopsy is the gold standard to
determine ER status in the clinic, substantial effort has been made
to assess this parameter noninvasively. 16a-!8F-fluoroestradiol (!8F-
FES) was successfully used in combination with PET imaging to
detect ER-positive (ER+) breast cancers in preclinical (/-3) and
clinical (4-7) settings. '8F-FES uptake was shown to correlate well
with ER concentrations (6) and ER expression as analyzed by the
immunohistochemistry index (8,9) but not with ER gene expression
(9). '8F-FES PET imaging was used in a clinical study to follow ER
modulation of metastatic breast cancers under different hormone
therapies (/0). Furthermore, functional imaging of ER+ endome-
trial cancers was demonstrated using '®F-FES PET (/7), and in
combination with '8F-FDG PET, it was possible to assess the ag-
gressiveness of such carcinomas (/2).

Despite the demonstrated usefulness of '8F-FES for whole-body
monitoring of ER status in gynecologic cancers, this tracer still has
some shortcomings. First, '8F-FES is rapidly metabolized in the liver
by formation of gluconate and sulfate conjugates (/3), which results
in an increase in low-affinity radiometabolites in the blood and non-
specific tissues. As a result, nonspecific background activity is in-
creased, particularly in the mediastinal region, reducing the tumor
contrast and the overall image quality. Second, steroid-based tracers
such as '8F-FES are bound to have strong hepatic uptake and biliary
excretion, resulting in high background activity in the liver and
intestines, which could impair detection of lesions in those regions.
Third, '8F-FES has affinity to plasma globulins such as sex hormone—
binding globulin and albumin, and the percentage of bound '3F-FES
depends mainly on the plasma concentration of sex hormone-binding
globulin. Since globulin-bound '8F-FES is not available to target the
receptors, sex hormone-binding globulin level is inversely corre-
lated with tumoral '8F-FES uptake (I4), and moreover is likely to
contribute to the blood pool.

To improve the metabolic stability and overall performance of
I8F-FES for ER imaging, many modifications of the parent estradiol
molecule were made and the biologic effect evaluated over the past
few decades (15-18). A series of 113-methoxy— or A-ring fluorine—
substituted '8F-FES derivatives were synthesized by our research
group (/9-21). Among these derivatives, in vivo assays showed
that a combination of 4-fluoro and 11B-methoxy substitution of
I8F-FES (e.g., 4-fluoro-11B-methoxy-16a-'8F-FES [!8F-4FMFES])
displayed the highest uterine uptake and uterus-to-blood ratios in
female rats (22). This study also reported that 'SF-4FMFES shows
lower affinity for plasmatic globulins. Further preclinical evaluation
on tumor-bearing mice revealed that '8F-4FMFES gave the best in
vivo ER+ tumor uptake and image contrast (23,24). Subsequently,
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in a clinical phase I study, substantial uterine uptake and retention
were observed in healthy women, with a faster blood clearance and
lower uptake in most nonspecific organs, along with hepatobiliary
excretion similar to that observed with 18F-FES (25).

After these encouraging results, a phase II study was initiated
on recently diagnosed ER + breast cancer patients to directly com-
pare the performance of '8F-4FMFES PET with that of '8F-FES
PET. A time-dependent blood metabolite analysis was performed
to assess the rate of metabolism of both tracers. Static PET imag-
ing was performed using both tracers for each patient in a 7-d in-
terval. Finally, tumor and nonspecific organ uptake was measured
using SUV .x and SUV ean, respectively, and tumor-to-nontarget
ratios were calculated.

MATERIALS AND METHODS

The study was performed under the authority of Health Canada and
approved by the Sherbrooke University Hospital clinical research ethics
committee and institutional board, and all subjects signed a written in-
formed consent form. Eligible patients were recruited after either biopsy
or resection of the primary and axillary lymph nodes as recommended by
the oncologists. Eligibility criteria included patients with newly diagnosed
breast cancer at least 1 cm in size, with histologically confirmed ER+
status and suspicion of recurrence. Exclusion criteria included active in-
fection, pregnancy, and concomitant endocrine therapy. In total, 31 pa-
tients were examined using both '8F-FES and '8F-4FMFES PET. Six
patients were imaged after they underwent mastectomy or axillary dis-
section to assess whether unsuspected off-site lesions were present. An
oncology board staged the patients according to clinical data available
before ER PET imaging. Table 1 summarizes the patient characteristics in
more detail.

Radiochemistry

I8F was prepared by the '80(p,n)'®F reaction on '80-enriched water
as target material using the TR-19 or TR-24 cyclotrons (Advanced
Cyclotron Systems, Inc.) of the Sherbrooke Molecular Imaging Cen-
ter. The methods used for the synthesis of 'F-FES have been pre-
viously reported (26). The precursor for '®F-4FMFES was synthesized
as previously described (20), whereas labeling at the 16a-position was
accomplished via nucleophilic substitution with '3F-F~ on the reactive
16B,17B-cyclic sulfate intermediate (22) using an optimized auto-
mated procedure (26). The preparation, formulation, and quality con-
trol procedures of '3F-4FMFES batches were as described previously
(27). Specific activities of both tracers were similar to or higher than
those reported in the literature (25-27).

Blood Metabolite Measurement

Blood samples (1 mL each) from the first 10 patients were withdrawn
at1,2,3,5, 10, 20, 30, and 60 min after injection of the imaging dose of
either '8F-FES or '8F-4FMFES. Blood was centrifuged at 3,000g, and
plasma was collected. Five volumes of 99% methanol were added to the
plasma samples, which were then centrifuged at 7,500g to precipitate
proteins. Supernatants and the appropriate diluted standard tracer solu-
tion were deposited on a 20 X 20 cm preparative C18 reverse-phase
thin-layer chromatography (TLC) plate (Whatman; GE Healthcare) and
then eluted for 1 h in a mixture of methanol/water/glacial acetic acid
(85:14.6:0.4). Radioactivity on the TLC plates was detected using an
Electronic Autoradiography Instant Imager (Canberra Packard) and an-
alyzed by region-of-interest (ROI) drawing of the individual tracer band
and the complete migration lane using the Imager software (Canberra
Packard). The ratios of the '8F-FES or 'SF-4FMFES activities com-
pared with total radioactivity were calculated and expressed as
percentage intact radiotracer remaining for each assessed time point.
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TABLE 1
Characteristics of ER+ Breast Cancer Patients Included in
the Clinical Study

Parameter Data
Patients (n) 31
Age (y) 54.9 + 10.9 (median, 57;
range, 26-73)
Premenopausal (n) 8
Detected tumors (n) 105
Histology
Ductal 22 patients, 78 foci
Lobular 5 patients, 9 foci
Other 4 patients, 18 foci
PR-positive 28 patients
HER2-positive 2 patients

Clinical stage
| 12 patients, 39 foci
Il 9 patients, 20 foci
1l 5 patients, 18 foci
\Y, 4 patients, 21 foci
Not determined 1 patient, 1 focus

Node/metastatic status

N1 12 patients

N2 7 patients

N3-positive 5 patients

M1 10 patients
Surgery status

Presurgery 25 patients

Postsurgery 6 patients (5 '8F-FES- and

18F-4FMFES-negative)

PR = progesterone receptor; HER2 = human epidermal growth
factor receptor 2.

PET Imaging

Patients were injected intravenously with 189.5 = 17.5 MBq of
I8F-FES or 189.4 = 11.8 MBq of '8F-4FMFES in a total volume of 5—
8 mL of physiologic saline (0.9% NaCl), either in the arm contralat-
eral to the primary lesion or in the foot, using a catheter; thereafter,
the line was flushed with 20 mL of saline. Each patient was scanned
with both tracers, with an interval ranging from 1 to 7 d between
scans, selected in a random order. Patients were allowed to stand up,
void, and rest in a way compatible with the blood sampling. All
acquisitions were performed using a Gemini TF PET/CT scanner
(Philips) from midthigh to vertex, including the upper limbs. One
hour after injection, a low-dose CT acquisition was initiated, followed
immediately by a PET acquisition (7-9 overlapping bed positions,
2 min each). All PET images were reconstructed using a 3-dimensional
time-of-flight weighted line-of-response row-action maximum-likelihood
algorithm, with attenuation correction derived from the CT attenuation
map. The accuracy of the absolute count calibration of the scanner
was validated against a uniform phantom containing '3F at a known
concentration. The measured activity was expressed as SUV (mea-
sured tissue activity concentration/injected activity/patient weight)
for each voxel (64 pL).
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FIGURE 1. Relative metabolite quantification in plasma after injection

of either '8F-FES or '8F-4FMFES. (A and B) Representative autoradiog-
raphy of reverse-phase TLC of multiple blood samplings through time
after injection of either '8F-FES (A) or '8F-4FMFES (B). Band corre-
sponding to intact tracer (red arrow) is compared with total radioactivity
for each lane. (C) Tracer-to—total radioactivity ratio is expressed as
percentage intact tracer. '8F-4FMFES (red curve) has significantly
higher percentage intact tracer than '8F-FES (blue curve) at 20 min
and afterward (n = 10; P < 0.001).

Data Analysis

ROIs were drawn and uptake values obtained using MIM software,
version 6.0 (MIM Software Inc.). Detectable tumor foci were defined
by different ROIs, and a list of organs was assessed, including the
cardiac left ventricular cavity (blood), muscle and fat (thigh), and
bone (vertebrae), as well as the brain, healthy breast and axillary
tissues, lungs, and uterus. The maximum-intensity voxel (SUV.x)
was taken for tumor and uterine ROI quantification, whereas the av-
eraged value of the voxels included in the ROIs (SUV c.,) Was used
for nontarget organs. Tumor contrast was evaluated by the ratio of
tumor uptake to muscle, blood, and fat uptake, as well as to the
background value near the lesion. Lesions with a ratio of less than
2.0 were considered equivocal.

Statistical Analysis

Data are reported as mean * SD. Prism software, version 7.0
(GraphPad Software Inc.), was used to perform statistical analyses
and to graph data. Two-way ANOVA using the Sidak method for mul-
tiple comparisons was applied to compare '®F-4FMFES and '8F-FES
uptake in tumors and nonspecific tissues. The same statistical method
was used to compare the tumor-to-nontarget ratios of each tracer.
The threshold for significance was a priori set to a P value of less
than 0.05.
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RESULTS

Blood Metabolites

Reversed-phase TLC autoradiographs of methanol-treated plasma
samples from the first 10 patients injected with either 8F-FES or
I8F_4FMFES are shown in Figures 1A and 1B, respectively. In both
cases, the presence of traces of radiometabolites as early as 1 min
after administration is evident. Qualitative observation revealed that
although '8F-FES produced up to 3 different more polar metabolites,
I8E_4FMFES displayed only 1 radiometabolite of higher polarity.

Changes in the rate of metabolism, as assessed by comparing
the activity of the tracer on the TLC plate to the remaining activity
in the migration lane, are presented in Figure 1C. During the first
10 min after injection, both radiotracers were degraded at a similar
rate. However, whereas the amount of intact '8F-FES continued to
drop steadily to about 20%, the '8F-4FMFES metabolite formation
plateaued after 10 min after injection. The percentage of intact
I8F_4FMFES remained 2- to 2.5-fold higher (P < 0.001) than that
of 8F-FES during the 20- to 60-min period.

PET Imaging of Patients
Typical examples of PET images obtained with '8F-FES and !8F-
4FMFES, for the same patient, are depicted in Figures 2 and 3. The
2 tracers have similar hepatobiliary metabolism and excretion pat-
terns, revealing comparable liver and intestinal radioactivity accu-
mulation. Another common feature, which was noted earlier with
other steroid-based radiotracers (28), is the tendency of both radio-
pharmaceuticals to accumulate in variable quantities in the vein
proximal to the site of injection. However, overall background ac-
tivity is visually lower and more uniform using '8F-4FMFES than
using '8F-FES. This difference is best exemplified by the images
obtained of the heart region (Figs. 3B and 3C). The whole medias-
tinal and thoracic region reveals a lower and more uniform activity
using '8F-4FMFES than using '8F-FES, reflecting the lower con-
centration of the former in the blood pool and nontarget tissues.
I8F_4FMFES PET allowed detection of all ER+ lesions that were
also successfully identified with
I8F-FES PET. Furthermore,
whereas '8F-FES PET identi-

fied a total of 96 ER+ lesions, ) FES 4FMFES
I8F_4FMFES succeeded in 14 /
detecting an additional 9 le- \

sions, which translates into an \

8.6% increase in the detection .

rate. Those supplemental find-
ings were confirmed as being
ER+ breast carcinomas by im-
munohistochemistry when bi-
opsy was possible, and the
presence of a lesion was later
assessed by either '8F-FDG
PET/CT or bone scintigraphy.
Of the 6 postsurgery patients
enrolled in the study, 5 were
shown to be negative with ei-
ther 3F-FDG, '8F-FES, or
18F-4FMFES PET. Overall,
our data indicate that !'8F-
4FMFES PET provides bet-
ter image contrast than '8F-FES
PET for the assessment of

FIGURE 2. Typical maximum-
intensity-projection PET images
of patient with ER+ primary lesion
after injection of either '8F-FES or
18F-4FMFES. Voxel saturation is
set to same level for each image.
Both tracers show hepatobiliary
excretion that generates high back-
ground signal to liver and intestines.
Less overall background is visible us-
ing "8F-4FMFES than using '8F-FES,
especially in mediastinal region.
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lower for '8F-4FMFES than for !'3F-FES.

4FMFES | B

A FES

The reduction in overall background activ-
ity was in line with the observed improved

4FMFES

overall image contrast with '8F-4FMFES

PET, especially in the mediastinal area.
Consequently, tumor-to-blood (P <

0.0001), tumor-to-muscle (P < 0.05),

tumor-to-fat (P < 0.0001), and tumor-to-back-
ground (P < 0.05) ratios were all significantly
higher for '8F4FMFES than for !'8F-FES

(Fig. 6), with the most noticeable difference

4FMFES
s N vER (4-fold) being in the tumor-to-blood ratio.
Primary, axillary, and metastatic subsets all
saw an improvement in their tumor-to-non-
target ratios with 'F-4FMFES PET but

reached significance only for tumor-to-blood
ratio (all subgroups except lungs) and tumor-

FES 4FMFES

to-fat ratio (except lungs and bone sub-

groups). Moreover, 9 of the lesions detected
with '8F-FES were considered equivocal,
whereas only 3 of the lesions had a tumor-
to-background ratio lower than 2 using
18F-4FMFES. Of those 3 tumors border-

line-detectable with '8F-4FMFES, 2 were
negative using '8F-FES. This quantitative
contrast improvement is responsible for

the easier detection of low-ER+ or smaller

FIGURE 3. Examples of comparative '8F-FES and '8F-4FMFES PET images. Voxel saturation is
same for '8F-FES as for '8F-4FMFES in A-C; in D and E, contrast was magnified in '8F-4FMFES
PET images for better clarity. (A) Whole-body maximum-intensity-projection PET images of pa-
tient initially staged T1cN2MO, in whom '8F-FES PET discovered sternal and iliac bone metas-
tases. '8F-4FMFES PET revealed 2 more foci (arrows) not visible using '8F-FES PET. (B) Typical
transaxial slice of primary lesion. Tumor contrast is improved compared with surrounding breast
tissue using '8F-4FMFES instead of '8F-FES PET. Mediastinal background activity is reduced
using '8F-4FMFES. (C) Transaxial slice of sternal metastasis. Although lesion was considered
equivocal with '8F-FES PET, it was readily identified as ER+ foci using '8F-4FMFES PET. (D)
Thoracic maximum-intensity projection of patient with suspected recurrence after resection.
Although '8F-FES PET reported presence of 2 tumor-infiltrated lymph nodes with equivocal
signal, '8F-4FMFES PET revealed 4 distinct ER+ foci. Axillary dissection confirmed presence
of lobular carcinoma in suspected sites. (E) '8F-FES and 8F-4FMFES transaxial slices of lung
metastatic burden. CT image indicated presence of 5-mm (red arrow), 4-mm (blue arrow), and
2-mm (gray arrow) tumors. '8F-FES PET failed to detect 2 smaller lesions, whereas '8F-4FMFES

lesions, as well as for the higher overall
rate of detection observed in our small pa-
tient sample.

DISCUSSION

ER status is one of the most important
prognostic factors in breast cancer man-
agement, with ERs having to be present for
endocrine therapy to be successful (29).
Discrepancies between the receptor status
of the primary tumor and that of distant

succeeded in distinguishing all 3 foci (although 2 were equivocal).

ER+ breast cancer, with a higher detection rate of metastases
and less thoracic and axillary background radioactivity.

Semiquantitative PET Analysis

Tumor and nontarget organ uptake of '3F-FES and '8F-4FMFES
was analyzed and averaged over the corresponding ROIs in all pa-
tients. The results are shown in Figure 4 for tumors and in Figure 5
for nontarget tissues. The average SUV ,,,, of all assessed lesions did
not show any significant difference between '8F-4FMFES and
I8F-FES. No other uptake dissimilarities between the 2 tracers were
detected when analyzing the primary, axillary, and distant metastasis
subgroups, nor did we observe differences in tumor SUVs between
pre- and postmenopausal patients. Uterine uptake followed the same
trend, with no significant differences being observed between '8F-
FES and '8F-4FMFES uptake, regardless of the menopausal status.

In contrast to the similar tumor-targeting properties of both
probes, the distribution activity for '8F-4FMFES was substan-
tially and significantly lower than that for '8F-FES in all assessed
nontarget organs. In particular, blood-pool activity was 4-fold
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metastases were found in up to 40% of
patients in retrospective studies (30,31).
However, it is impractical to take biopsy
samples of every known lesion, especially at sites of distant me-
tastasis. Also, considering that ER status can change at recurrence
(32) or during therapy (33), alternative methods for whole-body
ER detection are needed. The most successful and sensitive
method known so far is '8F-FES PET, which was demonstrated
to correlate well with ER status and immunohistochemistry-
derived levels of expression (6,8,9). Recently, '3F-FES PET was
shown to be successful in predicting early progression during
fulvestrant therapy (34) and contributed to identifying antihormone-
resistant breast cancer patients (35).

In our study, '8F-4FMFES was evaluated in a clinical phase II trial
and compared with the well-known '8F-FES. The 2 tracers exhibited
similar tumor uptake, and all lesions detected with '3F-FES were also
revealed using '8F-4FMFES. More interestingly, 8.6% more foci were
detected by '8F-4FMFES PET than by '8F-FES PET, all of which
were later confirmed as true-positive by biopsy sampling or '8F-FDG
PET/CT. In addition, 9 axillary, mediastinal, and bone metasta-
ses that were difficult to distinguish from the environing back-
ground with 8F-FES were more readily detected by '®F-4FMFES
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FIGURE 4. '8F-FES and '8F-4FMFES uptake of assessed tumors,
expressed as SUV o Of representative ROIs. More tumors were identified
using '8F-4FMFES PET (n = 105) than '8F-FES PET (n = 96). Although
small trend toward lower uptake with '8F-4FMFES PET was observed,
difference was not significant, nor did segmentation of tumor pool accord-
ing to site of presentation show significantly different uptake.

PET. Thus, despite comparable tumor targeting, '8F-4FMFES dis-
played superior imaging properties due to decreased overall back-
ground activity.

This finding was further supported by semiquantitative analyses.
Although the 2 tracers exhibited a similar tumor and uterine
SUV hax, uptake in all assessed nontarget organs and tissues was
significantly lower with '8F-4FMFES than with '8F-FES, in
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FIGURE 5. '8F-FES and '8F-4FMFES uptake of nontarget reference
tissues, expressed as SUV ean Of representative ROIs. Blood pool was
assessed by ROI drawn into left ventricular cavity. Breast and axilla
ROIs were drawn contralateral to primary lesion. Muscle and fat ROIs
were derived from thigh. '8F-4FMFES consistently presented signifi-
cantly lower uptake than '8F-FES in all assessed reference tissues
(n = 31). *P < 0.05. **P < 0.005. ****P < 0.001.
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accordance with the overall qualitative aspect of the produced im-
ages, and explaining the increased detection rate with '8F-4FMFES.

Many factors explain the improved imaging properties of
I8F_-4FMFES. This novel ER PET tracer was initially designed to
improve in vivo stability by the introduction of a second (nonradio-
active) fluorine at position 4 of the steroid A-ring (36). Furthermore,
to decrease nonspecific binding to plasma globulins, an 113-methoxy
moiety was added to the parent '8F-FES (/6,22). The improved
properties are indeed reflected in the observed distribution pattern
of 8F-4FMFES versus '8F-FES. First, plasma metabolite analysis at,
for example, 1 h after injection—the optimal time for static PET
imaging—revealed a 2.5-fold increase in intact '®F-4FMFES as com-
pared with '8F-FES. Moreover, whereas 3 new radiometabolites were
observed by radio-TLC with samples of '8F-FES, only one '8F-
4FMFES—derived radiometabolite was revealed. The nature of the
different metabolites was not further studied, but previous work from
Mankoff et al. (/3) on '8F-FES identified mainly sulfate and glucu-
ronide addition, which is in line with our finding that all metabolites
we observed were more polar than the parent tracer. Although '8F-
4FMEFES, because of the presence of fluoro substituents proximal to
the expected metabolic sites, was deemed impervious to such pro-
cessing, it may be possible that one of the steroidal hydroxyl groups
is still modifiable by hepatic enzymes.

Second, binding to plasma globulins slows the metabolic and
blood clearance rates of steroids (28,37). Hence, the lack of
I8EAFMFES binding affinity for sex hormone-binding globulin
may facilitate its release from the blood pool, resulting in lower
background activity than for '8F-FES. Moreover, '8F-4FMFES
is more lipophilic than '8F-FES, potentially further accelerating blood
clearance (38). Thus, notwithstanding the lower in vitro ER bind-
ing affinity of '8F-4FMFES (22) and similar tumor uptake of '8F-
4FMFES and '8F-FES in patients, the 2.5-fold increase in stability
of '8F-4FMFES (despite the lack of sex hormone-binding globulin
binding), compared with '8F-FES, likely explains the substantial gain
in tumor contrast obtained with '8F-4AFMFES versus '8F-FES.

Another factor to consider is that blood estradiol levels were not
monitored before imaging, nor did we consider the effect of the
menstrual cycle for the premenopausal women. However, tumor,
uterine, and nontarget organ SUVs did not significantly differ be-
tween pre- and postmenopausal patients, suggesting that circulating
estradiol did not substantially affect tumor targeting. This possibility
agrees with earlier observations defining confounding factors in
I8F-FES PET imaging, where patients with an estradiol level of
more than 30 pg/mL did not have significantly lower '®F-FES tumor
SUVs than patients with low estrogen levels (39).

CONCLUSION

In this preliminary clinical phase II study, we showed that the
novel ER PET tracer '8F-4FMFES achieved tumor uptake similar
to, but nonspecific organ and blood retention lower than, that of
I8F-FES. Hence, '3F-4FMFES PET allowed higher detection rates
and better sensitivity than its parent, 18F-FES, toward ER+ breast
carcinomas. Further investigations are in progress to evaluate the po-
tential of '8F-4FMFES PET to assess recurrence, treatment follow-up,
sensitivity, specificity, and accuracy and to complement classic
I8F_FDG PET in breast cancer diagnosis and follow-up.

DISCLOSURE

This work was supported by the Canadian Breast Cancer
Foundation (CBCF). Johan E. van Lier, Brigitte Guérin, Roger

Paquette et al. 201



T/B

m
w
=)

Fedekdk

Fekkdk

Fkkdk

N
o

*%

Tumor/Blood

-
o

20
@ 15
2 ®
3 T
= <]
_—
510 £
= =
=5
|—
5
0 ™
X o 2
LS o 2 (=3 N
2 PN N ()
& v;P\ W ?
FIGURE 6. '8F-FES (blue) and '8F-4FMFES (red) tumor-to-background (T/B) (A), tumor-to-blood (B), tumor-to-muscle (C), and tumor-to-fat (D)

ratios. '8F-4FMFES achieved significantly better tumor contrast than '8F-FES regardless of nonspecific tissue of reference. Significantly higher
tumor-to-blood and tumor-to-fat ratios were also observed for 8F-4FMFES when subcategorizing tumor pool according to tumor site. *P < 0.05.
**P < 0.01. **P < 0.005. ***P < 0.001.
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