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This first-in-human study was designed to evaluate the safety and
dosimetry of the progesterone analog 21-18F-fluoro-16a,17a-[(R)-
(19-a-furylmethylidene)dioxy]-19-norpregn-4-ene-3,20-dione (18F-
FFNP), as well the feasibility of imaging tumor progesterone
receptors (PRs) by PET in breast cancer. Methods: Women with
breast cancer underwent PET with 18F-FFNP. Tumor 18F-FFNP
uptake was assessed semiquantitatively by determining maximum
standardized uptake value and tumor-to-normal breast (T/N) ac-
tivity ratio and by Logan graphical analysis. The PET results were
correlated with estrogen receptor (ER) and PR status, assessed by
in vitro assays of the tumor tissue. The biodistribution of 18F-FFNP
was measured in patients by whole-body PET, and human dosim-
etry was estimated. Results: Twenty patients with 22 primary
breast cancers (16 PR-positive [PR1] and 6 PR-negative [PR–])
were evaluated. Tumor maximum standardized uptake value was
not significantly different in PR1 and PR2 cancers (mean 6 SD,
2.5 6 0.9 vs. 2.0 6 1.3, P 5 0.386), but the T/N ratio was signif-
icantly greater in the PR1 cancers (2.6 6 0.9 vs. 1.5 6 0.3, P 5
0.001). In addition, there was a significant correlation between
distribution volume ratio and T/N ratio (r 5 0.89; P 5 0.001) but
not between distribution volume ratio and either PR status or
standardized uptake value, likely because of small sample size.
On the basis of whole-body PET data in 12 patients, the gallblad-
der appeared to be the dose-limiting organ, with an average radi-
ation dose of 0.113 mGy/MBq. The whole-body dose was 0.015
mGy/MBq, and the effective dose was 0.020 mSv/MBq. No ad-
verse effects of 18F-FFNP were encountered. Conclusion: 18F-
FFNP PET is a safe, noninvasive means for evaluating tumor
PRs in vivo in patients with breast cancer. The relatively small
absorbed doses to normal organs allow for the safe injection of
up to 440 MBq of 18F-FFNP.
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Breast cancer remains the leading cause of cancer mor-
tality among women in Western countries. Distinct charac-
teristics of breast cancer can be exploited to help determine
the overall prognosis and the likelihood of response to spe-
cific therapies. It is well established that several factors,
including the level and activities of steroid receptors, pep-
tide growth factors, oncogenes, and tumor suppressor
genes, play a crucial role in determining tumor response
to various endocrine therapies and the development of re-
sistance to these treatments in breast cancer (1).

In general, hormone-sensitive breast cancer is less aggres-
sive than hormone-resistant disease; hormone-sensitive dis-
ease occurs more commonly in postmenopausal women and
is characterized by longer disease-free and overall survival
(2–5). Even with metastatic disease, the median survival in
patients with estrogen receptor–positive (ER1) tumors is 3
times longer than that in patients with estrogen receptor–
negative (ER–) breast cancer (6). In treating metastatic breast
cancer, the hormone receptor status directs systemic therapy.
ER1 disease will respond to first-line endocrine therapy in
55%–60% of patients (7). The presence of the progesterone
receptor (PR) increases the likelihood of hormone respon-
siveness to approximately 75% (6). Progesterone receptor–
negative (PR–) tumors are less responsive to therapy, perhaps
suggesting that PR may be necessary for positive therapeutic
outcome with endocrine therapy. Alternatively, because ER
is a key transcription factor for the activation of PR, lack of
PR expression in ER1 cells also could suggest that the
estrogen response pathway may not be functional in these
tumors. Only a small fraction of tumors are ER– and pro-
gesterone receptor–positive (PR1), and they demonstrate an
intermediate response to endocrine therapy (6).

The PR concentration in tumor tissue is determined by in
vitro assays. In recent years, immunohistochemical receptor
assays have increasingly replaced quantitative radioligand
binding assays (8,9). Immunohistochemical assays of ER
and PR have several shortcomings, most notably that they
provide limited information about the functional status of the
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receptors and the responsiveness of tumor to hormone ther-
apy. In addition, in recurrent or metastatic breast cancer, the
ER or PR status of the lesions may not always be the same as
that of the original primary tumor. Indeed, the receptor status
of recurrent or metastatic disease may be more predictive of
response to hormone therapy. However, because metastatic
lesions often are not amenable to biopsy and because the
biopsy of multiple lesions is impractical, the receptor status
of the lesions cannot be easily determined. Therefore,
a method that can reliably determine both the quantity and
the functional status of tumor ERs and PRs in individual
lesions would be of critical importance in identifying pa-
tients likely to benefit from hormonal therapy.
We have recently synthesized and characterized the

radiofluorinated steroid compound 21-18F-fluoro-16a,17a-
[(R)-(19-a-furylmethylidene)dioxy]-19-norpregn-4-ene-3,20-
dione (18F-FFNP), which has high affinity and selectivity for
PR (10). 18F-FFNP was identified to be the most promising
progestin derivative for PET in preclinical studies (11–14). It
is designed to be stable against defluorination, with resultant
low bone uptake (11,12). Low levels of activity accumulate
in the liver and fat, as its relatively low lipophilicity trans-
lates into low nonspecific binding in vivo. Thus, we chose
18F-FFNP for a first-in-human study to document safety and
estimate human dosimetry and to correlate primary tumor
18F-FFNP uptake with tissue PR assays.

MATERIALS AND METHODS

Patient Population
This study was conducted under an investigational new drug

application (IND 76,214) submitted to the U.S. Food and Drug
Administration and was approved by the Institutional Review
Board and the Radioactive Drug Research Committee at Wash-
ington University School of Medicine. The preclinical data in the
investigational new drug application are briefly summarized in the
supplemental material (supplemental materials are available
online only at http://jnm.snmjournals.org). All patients gave writ-
ten informed consent before participation. We studied 15 post-
menopausal and 5 adult premenopausal women with newly
diagnosed breast cancer. All patients except 1 had the ER and
PR status of their tumors confirmed by qualitative immunohisto-
chemical staining of the primary breast cancer; the immunohisto-
chemical assays were graded using the semiquantitative Allred
scoring system (9). In the remaining patient, ER and PR status
was determined by assisted quantitative image analysis. Patients
were required to have a primary lesion size of 1.5 cm or greater as
determined by imaging studies (mammography, ultrasonography,
CT, or MRI) or physical examination.

18F-FFNP Synthesis
18F-FFNP was produced using an adaptation of a published

procedure (12,14). The diastereomerically pure 21-mesylate,
endo-9a precursor was reacted with non–resin-treated [18F]-fluoride,
Kryptofix222 (Aldrich), and potassium carbonate in acetonitrile at
85�C for 5 min. The reaction mixture was prepurified by passing
through a silica light SepPak (Waters), followed by reversed-phase
high-performance liquid chromatography purification. 18F-FFNP
was extracted from the high-performance liquid chromatography

mobile phase using solid-phase extraction and was reconstituted in
10% ethanol in saline. Starting from 11.1 GBq (300 mCi) of 18F-
fluoride and using 0.4 mg of potassium carbonate and prompt
work-up to avoid the decomposition of the acid- and base-labile
18F-FFNP, we produced 0.74–1.11 GBq (20–30 mCi) of 18F-FFNP
at the end of synthesis (90 min). The final formulation of FFNP is
stabilized in ethanol or saline. Non–resin-treated 18F-fluoride was
used to achieve high specific activity. The specific activity was
measured by high-performance liquid chromatography to be 185–
740 GBq (5,000–20,000 mCi)/mmol, and the effective specific ac-
tivity was measured by receptor binding assay to be up to 740 GBq
(20,000 mCi)/mmol.

PET Procedure
For safety evaluation, all patients underwent vital sign mea-

surement (blood pressure, heart and respiratory rate, and temper-
ature), clinical laboratory testing (standard hematologic and
comprehensive metabolic panels that included hemoglobin, white
blood cells, neutrophils, lymphocytes, platelets, creatinine, blood
urea nitrogen, calcium, sodium, potassium, carbon dioxide, alanine
transaminase, aspartate aminotransferase, alkaline phosphatase, total
bilirubin, and albumin), urinalysis, and electrocardiography before
18F-FFNP administration, as well as during and after completion of
imaging.

18F-FFNP PET was performed before the initiation of therapy.
PET was performed with an EXACT HR1 scanner (CTI/Sie-
mens). Performance specifications have been reported (15,16).
Each patient received 18F-FFNP intravenously over a period of
at least 60 s, via an injection site in the arm opposite that of the
known breast lesion.

Twelve patients underwent whole-body PET at 2 separate
times after 18F-FFNP injection for human dosimetry calculation.
Patients were imaged at 0 and 120, 30 and 150, 60 and 180, or 90
and 210 min after injection. Whole-body imaging consisted of
transmission (2–4 min per bed position) and emission (5–8 min
per bed position) imaging. Emission images started at the level of
the pelvis and proceeded to the top of the brain and were followed
by transmission imaging. Imaging time depended on patient size,
injected dose, and time after injection.

The remaining 8 patients underwent dynamic 18F-FFNP PET
acquisition centered at the level of the known primary breast
lesions for 60 min (30 · 2, 12 · 10, 6 · 20, 10 · 60, and 9 ·
300 s frames). Time–activity curves were generated from the dy-
namic data to determine the optimal time for static imaging.

The emission images were corrected for attenuation using
segmentation. PET images were reconstructed using an ordered-
subset estimation maximization iterative algorithm. Images were
smoothed with a 5-mm post-reconstruction filter.

Image Analysis
PET images were evaluated qualitatively with the following

grading scale: no uptake (tumor # background), minimal uptake
(tumor 5 background), moderate uptake (tumor . background),
and intense uptake (tumor .. background). Tumor uptake was
dichotomized as increased (moderate or intense uptake) or absent
(no uptake or minimal uptake). The images were evaluated semi-
quantitatively by measurement of the tumor maximum stan-
dardized uptake value (SUVmax) and the tumor–to–normal-breast
(T/N) activity ratio. A region of interest (ROI) was drawn around
the entire lesion, with knowledge of the primary tumor location.
SUVmax was determined within the ROI. A similar ROI was drawn
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in the normal contralateral breast. The T/N ratio was calculated by
dividing the SUVmax of the primary tumor by the average standard-
ized uptake value (SUV) of the normal breast. Finally, quantitative
Logan graphical analysis was performed with a reference ROI in the
normal breast (17). After some time (last 45–60 min of image ac-
quisition), a linear-regression model was optimized against the nor-
malized tumor and reference region time–activity curves (17). In
practice, the term that includes the population clearance average
was omitted (18). The slope of the linear-regression line provided
the distribution volume ratio (DVR) between target tumor and ref-
erence regions.

Image-Derived Patient Dosimetry
Organ activity concentration data were obtained by drawing

ROIs on the PET images for the following organs: liver, gallbladder,
bone or bone marrow, small intestines, uterus, and urinary bladder.
No other organs were visible on the images. The ROIs on the liver,
bone or bone marrow, uterus, and small intestines were drawn over
several adjacent slices to encompass most of the visible part of the
organs. For these organs, total activity accumulated in an organ was
calculated by multiplying the average activity concentration by the
organ mass for a standard 56-kg adult woman and scaling by the
mass of the patient relative to the standard model. The total activity
in each organ was divided by the injected activity to derive the
percentage injected dose. For the gallbladder and urinary bladder,
the total activity was measured using a large ROI encompassing the
whole organ. Time–activity curves were then obtained combining
the data from all 12 patients by applying decay correction to the
injection time. Finally, organ residence times were obtained by
analytic integration of a clearance or uptake function fitted as a com-
bination of exponential functions. All unmeasured activity was

assigned to the remainder of the body. The measured residence
times were used in OLINDA/EXM with the standard adult female
model to yield the human radiation dose estimates.

Statistical Analysis
To determine the relationship between 18F-FFNP PET and in

vitro PR status, means and SD of 18F-FFNP tumor uptake measures
(SUVmax and T/N) were calculated for PR1 and PR– patients, re-
spectively, and the group means were compared using 2-sample
t tests. The association between qualitative 18F-FFNP tumor uptake
and PR status was assessed using the Kruskal–Wallis rank-sum test.
The association between 18F-FFNP PET results (qualitative analy-
sis, SUVmax, and T/N) and PR expression (semiquantitative Allred
score) was assessed using Spearman rank correlation coefficients.
The association of DVR versus PR expression, SUVmax, and T/N
was also described by Spearman correlation. Because of the small
sample size, the P values for all the above analyses were derived
using a permutation analysis. Random samples (10,000) were gen-
erated by reshuffling the PR status, and the permuted P value was
the fraction of permuted samples that resulted in a P value smaller
than that of the original sample (19).

RESULTS

Patient Characteristics

Twenty-one patients were enrolled in the study. One patient
was excluded; she consented but then did not participate.
None of the patients had received any hormonal therapy
before participating in this trial. The demographic character-
istics of the 20 evaluable patients are summarized in Table 1.
Their median age was 55 y (age range, 32–71 y). There were

TABLE 1
Patient Demographic Data

Patient Age (y) Injected dose (MBq) Mass (mg) ER/PR/HER2 Tumor T/N Tumor SUV DVR

Dynamic

patients

1 59 359 5.38 –/–/–/ 1.9 3.4 2.4
2 39 281 0.84 1/1/–/, 1/1/–/* 2.3, 2.5* 3.0, 3.2* 1.9, 2.7

3 59 222 3.41 –/–/–/ 1.9 1.5 1.4

4 32 178 0.83 1/–/–/ 1.1 3.9 1.4

5 57 366 0.53 1/1/–/, 1/1/–/* 3.5, 2.8* 3.4, 2.7* 3.7, 2.8
6 58 148 1.91 1/1/–/ 1.2 2.1 1.1

7 71 366 0.56 1/1/–/ 2.2 2.9 2.0

8 58 370 0.34 1/1/–/ 1.7 1.2 1.6
Dosimetry

patients

1 49 89 1.39 1/1/–/ 2.4 1.2 Not applicable

2 52 185 1.87 1/1/–/ 1.9 2.3 Not applicable
3 64 370 2.67 1/1/–/ 1.8 2.4 Not applicable

4 49 104 0.83 –/–/–/ 1.5 1.6 Not applicable

5 53 329 0.75 –/–/–/ 1.5 1.2 Not applicable

6 47 270 1.32 –/–/–/ 1.2 0.5 Not applicable
7 68 359 0.90 1/1/–/ 1.5 1.2 Not applicable

8 64 370 0.31 1/1/–/ 4.0 4.4 Not applicable

9 44 215 0.90 1/1/–/ 2.6 1.8 Not applicable

10 62 352 0.54 1/1/–/ 4.0 3.2 Not applicable
11 55 315 0.76 1/1/–/ 3.2 1.9 Not applicable

12 49 259 0.70 1/1/–/ 3.8 2.3 Not applicable

*Second breast cancer in patients with 2 breast cancers.
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22 primary breast cancers in total; 2 patients each had 2
cancers in different quadrants of the same breast. The tumors
were ER1 and PR1 in 16 and ER– and PR– in 6.

Safety Evaluation

The mean and SD of the administered mass of 18F-FFNP
was 1.34 6 1.24 mg (range, 0.34–5.38 mg). The mean
administered activity was 275.3 6 95.2 MBq (range, 89–
370 MBq). There were no adverse or clinically detectable
pharmacologic effects in any of the 20 patients. No signif-
icant changes in vital signs or the results of laboratory
studies or electrocardiograms were observed.

PET Results

The 22 breast masses ranged from 1.5 to 11.6 cm in
maximum diameter (mean 6 SD, 3.1 6 2.1 cm). The
18F-FFNP uptake of each breast mass was compared with that
of the corresponding site in the normal contralateral breast.
Uptake in the breast mass was moderately increased relative
to normal breast tissue in 9 and markedly increased in 7,
whereas no uptake was seen in the remaining 6 tumors. Fif-
teen ER1 and PR1 and 1 ER– and PR– tumors had mod-
erately or markedly increased 18F-FFNP uptake, whereas
no or minimal uptake was seen in 1 ER1 and PR1 and 5
ER– and PR– tumors (Fig. 1). Tumor 18F-FFNP uptake
assessed qualitatively was significantly different in
patients with PR1 and PR– cancers (P 5 0.001).
Tumor 18F-FFNP uptake assessed by SUVmax was not

significantly different in patients with PR1 and PR– can-
cers (mean 6 SD, 2.5 6 0.9 vs. 2.0 6 1.3, P 5 0.386) (Fig.
2). However, the T/N ratio was significantly different in

patients with PR1 and PR– cancers (2.6 6 0.9 vs. 1.5 6
0.3, P 5 0.001). In addition, there was a significant corre-
lation between semiquantitative Allred scoring and the T/N
ratio but not with SUVmax (P 5 0.027 and 0.235, respec-
tively). A significant correlation was seen between DVR
and T/N (r 5 0.89; P 5 0.001) but not between DVR
and either PR expression (r 5 0.34; P 5 0.18) or SUV
(r 5 0.38; P 5 0.13). Although the T/N correlated with
DVR measures, DVR for 18F-FFNP was not significantly
different between PR– and PR1 tumors, likely because of
the small number of subjects, in particular with PR2
tumors.

Analysis of dynamic imaging (n 5 8) indicated that peak
tumor uptake was achieved a few minutes after injection
and stayed unchanged throughout the 60 min. Similarly,
activity in the blood (measured in an ROI over the left
ventricular chamber) showed rapid clearance to approxi-
mately 10 kBq/mL for 370 MBq injected by approximately
5 min and slowly decreased thereafter over several hours
after injection (Supplemental Fig. 1G). Time–activity
curves for the tumor, contralateral breast, blood pool, and
liver for 1 patient with increased 18F-FFNP uptake in an
ER1 and PR1 tumor are shown in Figure 3.

Dosimetry Results

Typical whole-body images (Fig. 4) show dominant ac-
tivity in the liver, gallbladder, and small intestines. A small
amount of activity was observed in bone. The combined
time–activity curves, along with the clearance or uptake
fits, are presented in Supplemental Figure 1. The PET
images of 7 patients were coregistered to clinically
obtained CT scans to guide the delineation of the uterus
ROIs (Fig. 5). The remaining 5 patients had prior hysterec-
tomy. The 18F-FFNP uptake assessed by average SUV was
higher in the 5 premenopausal women (mean, 3.5; range,
2.8–4.4) than in the 2 postmenopausal women (mean, 1.1;
range, 1.39–0.77).

The largest residence times are observed in the liver
and small intestines, reflecting hepatobiliary elimination of
18F-FFNP (Table 2). The total cumulative activity in the
urine accounted for 7.45 min. The bladder voiding model
of OLINDA/EXM was then used, with a bladder voiding
interval of 1 h for a bladder-content residence time of

FIGURE 1. Representative transverse 18F-FFNP PET images in pa-
tient with PR1 breast cancer (A) and another with PR– breast can-

cer (B). Arrows point to tumor.

FIGURE 2. 18F-FFNP uptake assessed by

SUVmax (left) and T/N ratio (right) in PR1
and PR– breast cancers.
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0.3 min (and a corresponding excreted cumulative activity
of 7.15 min or approximately 5% of the injected activity).
Overall, 33% of injected activity was measured in the vis-
ible organs. The remaining, unmeasured, activity was asso-
ciated to the remainder of the body.
On the basis of the human imaging data, the gallbladder

is the dose-limiting organ, with an average radiation dose of
0.113 mGy/MBq. The whole-body dose was 0.015 mGy/

MBq, and the effective dose was 0.020 mSv/MBq. Radi-
ation doses to all organs are listed in Table 3.

DISCUSSION

Endocrine therapy targeting steroid receptors remains the
most effective form of systemic therapy in breast cancer.
About 70%–80% of patients with breast cancer have hor-
mone receptor–positive tumors and are candidates for endo-
crine therapy. ER expression is considered one of the most
important biomarkers in breast cancer, both providing
prognostic information and predicting responsiveness to
endocrine treatment. The expression of PR is strongly de-
pendent on the presence of functional ERs. There is evi-
dence that metastatic breast cancers expressing both ER
and PR respond better to antiestrogen therapy than do those
that show ER positivity but lack PR expression (20). A
strong prognostic value for PR expression also has been
reported in adjuvant trials comparing tamoxifen treatment
(21).

In the past, ER and PR were most often determined in
tumor tissue using ligand binding assays, but standard
clinical methods now use immunohistochemistry. The im-
munohistochemical evaluation criteria to establish the pos-
itivity of ER and PR are not uniform in different laboratories,
with widely ranging cutoff values for defining positive
results (e.g., from 1% to 10% positive cells) (22). A recent
systematic review of immunohistochemistry for evaluation
of ER and PR have found that up to 20% of current test
results worldwide may be inaccurate (false-negatives or
false-positives) (9).

On the basis of in vitro analyses of PR and ER, the
presence of ER alone predicts for clinical benefit in only
55%–60% of patients; if both ER and PR are present, the
likelihood of benefit increases only slightly to 60%–70%
(23–25). Moreover, although the choice of therapy and the

FIGURE 3. Time–activity distribution in liver, tumor, normal breast,

and blood (from ventricular chamber). Data were normalized for

370-MBq injection (patient 5, dynamic cohort) with ER1 and PR1
tumor. Uptake of 18F-FFNP in this patient’s tumor was twice that in
her normal breast.

FIGURE 4. Typical whole-body coronal images of patient at 1 h (A)
and 2 h (B) after injection of 370 MBq (10 mCi) of 18F-FFNP. Accu-

mulation of activity is primarily seen in liver and small intestines

FIGURE 5. Sagittal 18F-FFNP images registered to CT images show-

ing accumulation in liver, intestines, uterus, and urinary bladder.
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success in control of metastatic disease rest heavily on the
ER and PR status of the metastatic disease, current guide-
lines do not mandate assessment of ER and PR status of
distant metastases. Thus, therapeutic decisions for meta-
static breast cancer are most often based on the profile of
the primary tumor. An increasing body of literature sug-
gests that tumor characteristics can change over time, es-
pecially with regard to ER and PR status (26–31). Because
metastatic lesions often are not amenable to biopsy and
because the biopsy of multiple lesions is impractical, the
receptor status of the lesions cannot be easily determined.
Discordance of hormone receptor status between the pri-
mary tumor and metastatic disease is not uncommon. A

recent review found such discordance in the ER status of
2.5%–17% and in the PR status of 5.9%–51.7% (32). Con-
sidering the limitations of in vitro methods, a reliable non-
invasive method that could assess the receptor status of
metastatic lesions before and after therapy would be ex-
tremely valuable.

In this study, we found a significant positive correlation
between primary breast cancer uptake of 18F-FFNP,
assessed qualitatively and quantitatively using the T/N ra-
tio, and the tumor PR status. However, no significant cor-
relation was demonstrated between the SUVmax and DVR
for 18F-FFNP uptake and receptor status. This observation
may indicate that the tumor uptake of 18F-FFNP needs to be
corrected for nonspecific uptake in the contralateral breast
or further characterized by compartmental modeling to de-
lineate specific and nonspecific uptake and the contribution
(if any) of metabolites to the overall signal.

Future studies to assess the predictive value of 18F-FFNP
PET should be designed to correlate 18F-FFNP uptake and
response to endocrine therapy. Namer et al. have shown an
increase in PR level 1 wk after treatment with tamoxifen,
which has an initial weak estrogenic effect, in 40% of ER1
but in no ER– metastatic lesions in breast cancer patients (33).
Waseda et al. noted that longer tamoxifen treatment reduced
PR levels, indicating that its agonistic effect is transient (34).
Howell et al. showed that 90% of patients whose tumor PR
levels increased after tamoxifen responded to endocrine ther-
apy, versus 35% in patients whose tumor PR levels declined or
were undetectable, regardless of tumor ER status; notably, PR
levels after tamoxifen were more predictive than initial PR
measurements but less predictive than change in PR with
tamoxifen (35). In all of these studies, PR levels were deter-
mined by radioligand binding assays, thus, it seems reasonable
to consider 18F-FFNP PET as a noninvasive test to predict
patient response to endocrine therapies, monitoring either
PR levels after an initial hormone treatment or, perhaps,
a change in PR levels in an estrogen-challenge test paradigm,
as we have done using 18F-FDG PET to monitor changes in
tumor metabolism (36–39).

Our dynamic data indicated that peak tumor uptake was
achieved early after 18F-FFNP injection and stayed un-
changed through 60 min. The T/N ratio indicated rapid
uptake and no significant washout.

The biodistribution data showed the highest activity in
the liver, gallbladder, and small intestine. Human radiation
doses calculated from the PET images indicated an
effective dose of 0.02 mSv/MBq, a value that is comparable
to that reported for 18F-fluoroestradiol (0.022 mSv/MBq)
(40). The dose to the liver is approximately 40% of that
reported for 18F-fluoroestradiol, corresponding to a liver
residence time 38% of that reported for 18F-fluoroestradiol.
18F-FFNP and 18F-fluoroestradiol show the highest resi-
dence times in the liver, gallbladder, and intestines, sug-
gesting a similar route of elimination. Assessment of
uterine activity, in only 3 premenopausal women, showed
significant uptake (average SUVs, 2–5).

TABLE 3
Human Organ Radiation Doses Estimated from Human

PET Images in mGy/MBq

Organ

Organ dose human

PET (mGy/MBq)

Adrenals 0.017

Brain 0.010

Breasts 0.010

Gallbladder 0.113
Lower large intestine 0.020

Small intestine 0.096

Stomach 0.017

Upper large intestine 0.030
Heart wall 0.015

Kidneys 0.017

Liver 0.051

Lungs 0.013
Muscle 0.013

Ovaries 0.023

Pancreas 0.018
Red marrow 0.015

Osteogenic cells 0.024

Skin 0.009

Spleen 0.014
Thymus 0.012

Thyroid 0.011

Urinary bladder wall 0.016

Uterus 0.034
Whole body 0.015

Effective dose (mSv/MBq) 0.020

TABLE 2
Organ Residence Times in Minutes from Human

Whole-Body PET Images

Organ Residence times (min)

Liver 16.3 6 5.1

Small intestine 20.8 6 5.2
Gallbladder 4.14 6 1.04

Bone/marrow 4.60 6 1.15

Uterus 0.47 6 0.12

Blood (left ventricle) 11.4 6 2.8

Data are mean 6 SD.

368 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 53 • No. 3 • March 2012



The animal biodistribution data and dosimetry estimates,
which compare well with the human PET data (albeit with
higher values in the large intestines for the animal data),
also showed that the highest residence times were in the
liver, uterus, and gastrointestinal tract. Because the animal
biodistribution studies were performed in rats, the gall-
bladder distribution cannot be compared. Rather, the rat
liver directly clears the activity to the small intestines,
resulting in higher residence times and higher dose to the
lower gastrointestinal tract. The resulting radiation doses
from the animal studies are consequently higher than those
from the human experiment (supplemental material).

CONCLUSION

We have demonstrated that 18F-FFNP is a safe imaging
agent for PET, with organ and total-body radiation doses
comparable to those from 18F-FES and other commonly
used clinical radiopharmaceuticals. Although it is unlikely
that 18F-FFNP PET will have a role in the diagnosis or
staging of breast cancer, we have shown that it can be used
to assess the PR status of individual breast cancer lesions.
Potentially the most important role of 18F-FFNP may be in
the noninvasive and repetitive evaluation of the PR positiv-
ity of individual lesions. 18F-FFNP PET may be a means for
determining whether antiestrogen therapy is appropriate
before initiation of therapy or after first- or second-line
endocrine therapy.
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