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The study objective was to investigate whether sex influences 39-
deoxy-39-18F-fluorothymidine (18F-FLT) uptake and tissue distribu-

tion in mouse models of cancer. Methods: 18F-FLT biodistribution

was measured in 3 strains of male and female mice (129S6/SvEv,
athymic nude, and BALB/c). 18F-FDG biodistribution was measured

for comparison. 18F-FLT uptake was also measured in female

129S6/SvEv mice bearing estrogen-dependent SSM3 mouse

mammary tumors, male athymic nude mice bearing androgen-
dependent CWR22 prostate cancer xenografts, and male and

female athymic nude mice bearing estrogen-independent MDA-

MB-231 human breast cancer xenografts. Ki-67 expression was assayed

by immunohistochemistry. PET/CT imaging was performed to visu-
alize 18F-FLT biodistribution and to determine pharmacokinetics.

Results: Greater 18F-FLT activity was observed in blood, liver, mus-

cle, heart, kidney, and bone in female than male mice. Pharmaco-
kinetic analysis demonstrated higher early renal 18F-FLT activity and

greater accumulation of 18F-FLT in the urinary bladder in male than

female mice. The differential pattern of 18F-FLT biodistribution be-

tween the sexes seen with 18F-FLT was not observed with 18F-FDG.
Increased tumoral 18F-FLT uptake compared with muscle was ob-

served in both the SSM3 mammary tumors (2.4 6 0.17 vs. 1.6 6
0.14 percentage injected dose [%ID]/g at 2 h after injection, P 5
0.006) and the CWR22 prostate cancer xenografts (0.34 6 0.08 vs.
0.098 6 0.033 %ID/g at 2 h after injection, P 5 0.03). However,

because of higher nonspecific muscle uptake in female mice,

tumor-to-muscle uptake ratios were greater for CWR22 tumors than
for SSM3 tumors (4.2 6 0.78 vs. 1.5 6 0.049 at 2 h after injection,

P 5 0.008). Sex-dependent differences in 18F-FLT uptake were also

observed for MDA-MB-231 xenografts (tumor-to-muscle ratio,

7.26 0.9 for female vs. 16.96 8.6 for male, P5 0.039). Conversely,
greater tumoral Ki-67 staining was observed in female mice (71%6
3% for female vs. 54% 6 2% for male, P 5 0.009), and this finding

more closely matched the relative differences in absolute 18F-FLT

tumor uptake values (4.5 6 0.99 %ID/g for female vs. 1.9 6 0.30
%ID/g for male, P 5 0.03). Conclusion: Depending on whether fe-

male or male mice are used, differences in biodistribution and non-

specific tissue uptake can adversely affect quantitative measures

of 18F-FLT uptake. Thus, sex is a potential variable to consider in

defining quantitative imaging metrics using 18F-FLT to assess tumor

proliferation.
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A rising concern from the National Institutes of Health is the
importance of including sex as a biologic variable in animal studies

and human clinical trials (1). Women were not required to be in-

cluded as subjects in clinical research until the Revitalization Act of

1993, and consideration of sex as an experimental variable did not

extend to federally funded preclinical work until 2014. This policy

is part of a broader goal to increase reproducibility and transparency

between research studies and to ensure scientific rigor.
Oftentimes, the sex of cell lines is not considered in experi-

mental design because the canonical thought was that, on the

molecular level, basic cellular processes transcend sex differ-

ences. Although basic molecular mechanisms may be similar,

male and female cells may respond differently to various stimuli.

For example, it was shown that male neurons are more sensitive

to oxidative stress than female neurons (2). Sex differences also

extend to the organismal level, with sexual dimorphism identi-

fied in approximately 57% of phenotypes in mice (3). Thus, sex

is an important biologic variable to consider in the design, anal-

ysis, and reporting of preclinical research. This concept is espe-

cially pertinent for understanding the pathophysiology and

treatment of diseases that affect both sexes, such as many forms

of cancer.
One of the hallmarks of cancer is abnormal sustained pro-

liferation (4). As more therapies emerge and the field of precision

medicine matures, imaging tools that can detect biologic changes

before a change in anatomic tumor size occurs are becoming in-

creasingly important. The most-studied radiopharmaceutical for in

vivo imaging of cell proliferation is 39-deoxy-39-18F-fluorothymi-

dine (18F-FLT) (5,6). It enters cells via membrane nucleoside

transporters and undergoes phosphorylation by the cytosolic thy-

midine kinase-1 enzyme as part of the thymidine salvage path-

way of DNA synthesis during the S-phase of the cell cycle.
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Unlike endogenous thymidine, phosphorylated 18F-FLT does not
incorporate into DNA, and because of a relatively slow rate of
dephosphorylation, it accumulates intracellularly (7).
PET imaging using 18F-FLT is being studied as a noninvasive

method to measure the proliferative capacity of cancer and may
provide an early indication of treatment response (5,6). Although
not yet approved by the U.S. Food and Drug Administration,
18F-FLT has been studied through clinical trials in over 1,000
individuals and in patients with multiple cancer types (8). Biologic
variables that can affect 18F-FLT uptake include plasma thymidine
levels; the expression level and functional activity of thymidine
kinase-1, thymidylate synthase, and nucleoside transporters; and
the overall balance of de novo versus salvage pathways of thymi-
dine use (9). This study aimed to determine whether sex influ-
ences 18F-FLT uptake and tissue biodistribution in preclinical
oncology models.

MATERIALS AND METHODS

Mice

Athymic NCr-nu/nu mice were purchased from the Animal Pro-
duction Program of the National Cancer Institute–Frederick National

Laboratory for Cancer Research. BALB/c mice were also purchased

from the National Cancer Institute. Male and female 129S6/SvEv
mice were purchased from Taconic Farms, Inc.

Cell Lines and Tumor Implantation

Experiments were performed under an approved biosafety protocol.

The human estrogen receptor–negative breast cancer cell line
MDA-MB-231 was cultured at 37�C and 10% CO2 in Dulbecco

modified Eagle medium (Corning) with high glucose containing
10% fetal bovine serum (Corning) with penicillin and streptomycin

(Gibco). SSM1 and SSM3 cell lines were isolated from primary spon-

taneous mammary adenocarcinomas in female transgenic STAT12/2

mice and were maintained in culture as described previously (10).

The prostate cancer xenograft model, CWR22, was created from

primary prostate carcinoma from a man with metastatic prostate
cancer and was maintained in vivo via serial transplantation (11,12).

All cell lines were negative for murine pathogens and for Myco-
plasma contamination, which can affect uptake of thymidine analogs

(13). The MDA-MB-231 cell line was authenticated using short

tandem repeat analysis.
Experiments were performed according to the guidelines of the

American Association for Laboratory Animal Science under a
protocol approved by the Animal Studies Committees in specific

pathogen-free facilities accredited by the Association for Assess-
ment and Accreditation of Laboratory Animal Care at Washington

University School of Medicine and the University of Wisconsin–

Madison. Mice aged 6–8 wk received a subcutaneous injection into
the right thoracic mammary fat pad of 1 · 106 SSM1 or SSM3 cells

in 100 mL of phosphate-buffered saline or 2 · 106 MDA-MB-231

cells in 50% Matrigel (BD Biosciences) by volume. Tumor growth
was monitored by palpation and measured in 2 perpendicular dimen-

sions with calipers. Tumor volumes were calculated using the for-
mula a · b2/2, where a is the long diameter and b is the short

diameter.

Radiopharmaceuticals, PET/CT Imaging, and Tissue

Biodistribution Assay
18F-FLT and 18F-FDG were synthesized by the Cyclotron Facility

at Washington University (14,15). 18F-FLT–specific activity at the
end of synthesis ranged from 59 to 225 GBq/mmol (1,606–6,068

mCi/mmol). 18F-FLT was also provided by the University of

Wisconsin–Madison Radiopharmaceutical Production Facility. Specific

activity at the end of synthesis ranged from 333 to 629 GBq/mmol

(9,000–17,000 mCi/mmol). Radiochemical purity was 100% for all

preparations.

For PET/CT imaging, nonfasted mice were injected via the tail vein
with approximately 0.93 MBq (25 mCi) of 18F-FLT. The mice were

not anesthetized during the radiotracer uptake period. Mice anesthe-

tized with 1.5%–2.0% isoflurane were scanned supine in a small-animal

PET/CT scanner (Inveon; Siemens Preclinical Solutions) 1 h after

injection. CT images were acquired for approximately 12 min, fol-

lowed by PET images (40 million counts—typically less than

10 min). One male and one female mouse were positioned side by

side and imaged simultaneously for each scan. Images were analyzed

using Inveon Research Workplace, version 3.0 (Siemens Medical

Solutions USA, Inc.). The reconstruction method was 3-dimensional

ordered-subset expectation maximization/maximum a posteriori with

attenuation correction. Dynamic emission imaging began immedi-

ately after injection and continued for 60 min with the following time

bins: 1 · 3, 6 · 2, 9 · 5, 6 · 10, 4 · 30, 2 · 60, 2 · 120, and 10 · 300 s.

PET and CT images were automatically coregistered and adjusted if

needed via visual alignment in all 3 planes. Regions of interest were

manually drawn around the tumor and within the triceps muscle to

determine nontarget tissue uptake using CT images for visual ana-

tomic localization. Additional regions of interest were drawn around

the kidneys, urinary bladder, bone (femur), liver, and heart for blood

activity. Data are expressed as mean percentage injected dose (%ID)/g.

Tumor-to-muscle (T:M) ratio was calculated as the ratio of tumor

%ID/g to muscle %ID/g. 18F-FLT clearance from the blood was cal-

culated using a 1-phase exponential decay equation of the time–activity

curve.
For biodistribution assays, tissues (blood, liver, muscle, heart, kid-

ney, and whole bone) were harvested 1 or 2 h after tail vein injection

of approximately 0.74–0.89 MBq (20–24 mCi) of 18F-FLT or 0.74 MBq

(20 mCi) of 18F-FDG in nonfasted mice. Radioactivity was mea-

sured using a g-counter (2480 Wizard2; Perkin Elmer) and decay-

corrected to calculate %ID/g. To minimize differences due to

variations in 18F-FLT preparations, the same batch of 18F-FLT was

used for experimentation within the same strains of male and female

mice.

Tissue Histology

Sections of formalin-fixed paraffin-embedded mammary tumors

were deparaffinized and rehydrated followed by antigen retrieval in

citrate buffer (pH 6) and stained for Ki-67 (VP-K452, 1:800; Vector

Laboratories, Inc.). Positive signal was developed using SignalStain

IHC Detection Reagent (horseradish peroxidase, mouse; Cell Signaling

Technology) followed by diaminobenzidine chromogen. Hematox-

ylin and eosin staining was also performed. A whole-slide bright-field

imaging system (Aperio Image Scope software; Leica Biosystems)

was used to scan slides at ·40 magnification. The percentage of

tumor cells staining positively for Ki-67 was visually scored by a

pathologist with subspecialty training in breast pathology and 4 y of

experience.

Statistical Analyses

Results are presented as mean 6 SE unless indicated otherwise.
Two-way ANOVA with a Šídák posttest was used to determine sig-

nificance between male and female mice for biodistribution assays.

The Mann–Whitney test was used to determine the statistical signif-

icance between control and experimental groups. The paired t test was

used to compare across different time points within the same group of

animals. All tests are 2-sided, with a P value of 0.05 or less considered

significant. Analyses were performed using Prism, version 6.05 (GraphPad

Software).
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RESULTS

18F-FLT Tissue Biodistribution in Female Versus Male Mice

To determine whether sex is a potential biologic variable for
18F-FLT uptake in preclinical models of cancer, we performed

tissue biodistribution experiments using 3 different mouse strains,

129S6/SvEv, athymic nude, and BALB/c (Fig. 1). 18F-FLT activity

was higher at 1 and 2 h after injection in the blood, liver, muscle,

heart, and bone in female than male 129S6/SvEv mice (Fig. 1A).

At 1 h, there was similar renal accumulation of 18F-FLT in both

sexes. At 2 h, 18F-FLT activity in the kidneys was less in female

than male mice. For athymic nude mice, 18F-FLT uptake was

greater in female than male mice for all tissues measured, with

the exception of bone at 1 h, which was not significantly different

(Fig. 1B). The third mouse strain tested, BALB/c, showed 18F-FLT

uptake significantly higher in all female than male organs (Fig.

1C). Sex-dependent differences in 18F-FLT tissue biodistribution

were accentuated when results were normalized to mouse weight

(Supplemental Fig. 1; supplemental materials are available at

http://jnm.snmjournals.org). Thus, we observed that 18F-FLT up-

take in the blood, liver, muscle, heart, and bone was higher in

female than male mice across all 3 mouse strains.

To test whether these differences in
tissue biodistribution could be visualized

with PET imaging, we chose female and

male athymic nude mice as a representa-

tive strain to undergo PET/CT. Female

mice had greater overall visual 18F-FLT

signal than male mice, with the exception

of the kidneys and urinary bladder, which

appeared similar (Fig. 2). Therefore, PET/

CT is sensitive enough to detect sex dif-

ferences in 18F-FLT biodistribution and

further confirmed our data obtained via

g-counting of excised tissues.

Dynamic 18F-FLT PET/CT Imaging in

Female Versus Male Mice

To investigate 18F-FLT pharmacokinetics
in male and female mice, we performed

dynamic PET/CT imaging of athymic nude

mice at multiple time points during the first

hour after injection (Fig. 3). Time–activity

curves demonstrated that 18F-FLTactivity in

the urinary bladder was higher in male than

female mice at all time points (Fig. 3A).

Male mice also had a greater spike in renal
18F-FLT uptake during the first 1–2 min af-

ter injection (Fig. 3B). For blood (Fig. 3C),

liver (Fig. 3D), bone (Fig. 3E), and muscle

(Fig. 3F), the time–activity curves appeared

similar in male and female mice at early

time points. The half-life of 18F-FLT in

blood was 0.36 min (95% confidence inter-

val, 0.29–0.47) for male mice and 0.20 min

(95% confidence interval, 0.15–0.30) for fe-

male mice. However, the curves tended to

diverge at around 30 min after injection,

and by 60 min the activity in these tissues

was higher in female than male mice. These

data suggest that there is a difference in the

physiologic processing of 18F-FLT during the first 30 min after

injection.

18F-FDG Tissue

Biodistribution in Female

Versus Male Mice

To determine whether sex
variability is specific to 18F-FLT,

we tested a more commonly

used 18F-labeled radiophar-

maceutical, 18F-FDG, for im-

aging glucose metabolism. A

tissue biodistribution assay

was performed on male and

female 129S6/SvEv mice 1

and 2 h after injection using

the same dose of 18F-FDG as

was used previously for 18F-

FLT (Fig. 4). The only signif-

icant difference in 18F-FDG

tissue uptake was in the heart,

with greater uptake in female

FIGURE 2. 18F-FLT PET/CT maxi-

mal-intensity-projection images of

representative female (n 5 3) and

male (n 5 3) athymic nude mice

scanned concurrently 1 h after injec-

tion of 0.93 MBq (25 μCi) of 18F-FLT.

FIGURE 1. 18F-FLT biodistribution (%ID/g) in male and female 129S6/SvEv (A), athymic nude

(B), and BALB/c (C) mice sacrificed 1 and 2 h after injection of 0.74–0.89 MBq (20–24 μCi) of 18F-
FLT (n 5 5 129S6/SvEv, 5 athymic nude, and 4 BALB/c mice per time point). *P , 0.05 (male vs.

female for each tissue).
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than male mice at both time points. Thus, with this exception, differ-
ential sex-dependent tissue biodistribution may be specific to 18F-FLT

and may not pertain to all 18F-labeled molecular imaging agents.

18F-FLT Uptake by Estrogen-Dependent Mouse Mammary

Tumors Versus Androgen-Dependent Prostate

Cancer Xenografts

We tested the potential impact of the sex-based physiologic
differences in 18F-FLT biodistribution and kinetics on the imaging

of proliferation in the hormone-dependent tumor models. We used

estrogen receptor–positive SSM3 tumors as a representative estrogen-

dependent mammary tumor model grown in female mice and

CWR22 tumors as a representative androgen-dependent prostate

tumor model in which tumoral 18F-FLT uptake can be reduced by

androgen ablation in male mice (16). SSM3 and CWR22 tumors

were similar in size (mean 6 SD, 488 6 494 mm3 and 272 6
192 mm3, respectively; P 5 0.21) at the time of assay. Tumor

uptake of 18F-FLT was measured at 1 and 2 h after injection using

tissue biodistribution assays. There was statistically significant

higher 18F-FLT uptake in tumor than in muscle both for the SSM3

tumors (4.3 6 0.27 vs. 3.2 6 0.25 %ID/g
at 1 h, P 5 0.02; 2.4 6 0.17 vs. 1.6 6 0.14
%ID/g at 2 h, P 5 0.006) and for the
CWR22 xenografts (0.86 6 0.06 vs. 0.41
6 0.07 %ID/g at 1 h, P 5 0.004; 0.34 6
0.08 vs. 0.098 6 0.033 %ID/g at 2 h, P 5
0.03). However, because of higher nonspe-
cific muscle uptake in female mice, T:M
ratios were greater for CWR22 xenografts
than for SSM3 tumors at both 1 and 2 h
after injection (P 5 0.03 and 0.0083, re-
spectively) (Fig. 5). The highest T:M ratio
for the CWR22 xenografts occurred at 2 h
after injection and was 4.2 6 0.78. The
highest T:M ratio for the SSM3 tumors
occurred at 2 h after injection and was only
1.56 0.05. As a result, CWR22 xenografts
display more tumor-specific uptake of
18F-FLT based on their higher T:M ratios,
whereas SSM3 tumors exhibit higher ab-
solute values of 18F-FLT uptake along with
higher nonspecific muscle uptake. Another
mouse mammary carcinoma cell line (SSM1)
showed biodistribution results similar to
those of the SSM3 tumors grown in female
129S6/SvEv mice (Supplemental Fig. 2).

18F-FLT Uptake by Hormone-

Independent Human Breast Cancer

Xenografts in Female Versus

Male Mice

The mouse-derived SSM3 tumors require
estrogen for tumor growth and were grown
in female immunocompetent mice. The
human-derived CWR22 tumors depend on
androgens for tumor growth and were
grown in male immunocompromised mice.
Thus, we chose to directly compare the
18F-FLT uptake of a hormone-independent
breast cancer cell line that can be grown as
xenografts in either female or male mice.

MDA-MB-231 cells were grown as tumor xenografts in athymic
nude female and male mice. The mice were injected with 18F-FLT
and, 2 h later, sacrificed. Tissue was then harvested and counted for
radioactivity. Tumor volumes were 499 6 143 mm3 (mean 6 SD)
in the female mice and 3526 104 mm3 in the male mice at the time
of the biodistribution experiment (P5 0.05). Both female and male
mice had greater 18F-FLT uptake in MDA-MB-231 tumors than in
muscle (female mice: 4.5 6 0.99 %ID/g for tumor vs. 0.67 6 0.18
%ID/g for muscle, P 5 0.005; male mice: 1.9 6 0.30 %ID/g for
tumor vs. 0.16 6 0.07 %ID/g for muscle, P 5 0.0004) (Fig. 6A).
However, female mice also had more nonspecific muscle uptake
than male mice (0.67 6 0.18 %ID/g vs. 0.16 6 0.07 %ID/g, P 5
0.0275). This disparity resulted in a lower T:M ratio for female than
male mice (7.2 6 0.9 vs. 16.9 6 8.6, P 5 0.039).
To determine whether absolute tumor uptake (%ID/g) or T:M

ratio better reflects proliferation, tumor Ki-67 staining was
performed on MDA-MB-231 tumors grown in female and male
mice. A greater percentage of Ki-67–positive staining was ob-
served in female than male tumors (71% 6 3% vs. 54% 6 2%;
P 5 0.009) (Fig. 6B).

FIGURE 3. Time–activity curves for 18F-FLT in male and female athymic nude mice imaged

using dynamic PET from 0 to 60 min after injection of approximately 0.93 MBq (25 μCi) of 18F-

FLT. Regions of interest were drawn, and time–activity curves determined, for urinary bladder (A),

kidney (B), blood (C), liver (D), bone (E), and muscle (F).
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DISCUSSION

The purpose of this study was to investigate whether sex is a
potential biologic variable in preclinical studies of 18F-FLT PET

imaging. We demonstrated that female mice have an overall greater
18F-FLT uptake than male mice in multiple tissues. We also observed

higher 18F-FLT activity in the kidney at early time points and greater

accumulation of 18F-FLT in the urinary bladder at all time points in male

than female mice, suggesting sex-dependent differences in renal clear-

ance. For the 2 hormone-dependent tumor models, differences in 18F-

FLT biodistribution between the sexes resulted in altered interpretation of

proliferative status on imaging, depending on whether absolute tumor

uptake (%ID/g) or T:M ratio was used as the method of quantification.

On images of the MDA-MB-231 xenograft (the hormone-independent

breast cancer xenograft capable of being grown in both male and female

mice), distinct patterns of 18F-FLT uptake were observed depending on

the sex of the mouse. Furthermore, quantification of 18F-FLT uptake as

absolute tumor uptake (%ID/g) better approximated the Ki-67 prolifer-

ative index than did T:M ratios. This work demonstrates that sex is an

important consideration in defining quantitative imaging metrics using
18F-FLT as a noninvasive measure of tumor proliferation.
To the best of our knowledge, sex-dependent differences in 18F-

FLT biodistribution and PET imaging of preclinical models have

not been previously reported.

In a systematic review of 174

primary publications using 18F-

FLT for oncologic imaging,

factors influencing 18F-FLT up-

take in tumors were identified

(9). The reviewed studies used

tumor models grown in only

male or female mice and lacked

a direct comparison of 18F-

FLT imaging between the

sexes. Similarly, a comprehen-

sive review of preclinical studies

comparing 18F-FDG and 18F-

FLT PET imaging for tumor-

response monitoring lacked

information on whether any

differences between the sexes

were investigated (17).

Our results add to a small, but growing,
amount of literature determining how sex may
affect preclinical imaging research. Some
evidence points to differences due to the
pharmacokinetic properties of the imaging
agent, such as absorption, distribution, metab-
olism, and excretion. For example, sex differ-
ences in the metabolism and distribution of
the opioid receptor ligand N-(3-18F-fluoro-
propyl)-N-nordiprenorphine in rats have been
reported (18). Other evidence reflects the un-
derlying sex-dependent differences in the ex-
pression level of the binding target or receptor
of the imaging agent. In research using an
11C-labeled PET radioligand for imaging
sphingosine-1-phosphate receptor 2 in a
mouse model of multiple sclerosis, differ-
ences in cerebellar tracer uptake between
male and female mice were identified,

reflecting the underlying sex-dependent difference in receptor pro-
tein expression (19,20). Sex differences were also reported in s2-
receptor binding density in the brain of a transgenic mouse model of
Alzheimer disease using a s2-receptor–specific imaging agent (21).
There are comparatively more reports on sex differences in

clinical imaging research, particularly for neurologic and cardiac
imaging. For example, several
studies have reported sex differ-
ences in regional brain glucose
metabolism using 18F-FDG PET
and neuroreceptor imaging with
targeted radioligands for opi-
oid, dopamine, and cannabi-
noid receptors (22–25). Sex
differences in cardiac glucose
metabolism have also been
demonstrated using 18F-FDG
PET/CT in healthy men and
women (26).
This study had several lim-

itations. First, this initial re-
port included only a few
breast and prostate cancer
models. Subsequent work us-
ing additional cell lines will
establish the generalizability
of the results. In addition to sex,
age is another potential biologic
variable in preclinical studies
(27). Although our results show
sex differences in 18F-FLT bio-
distribution using only one age
group (6–8 wk) for xenograft
studies, results may differ in
older mice used for transgenic
or spontaneous tumor models.
Last, our results may not trans-
late to humans because of
species-level pharmacokinetic
differences. In humans, 18F-
FLT undergoes hepatic me-
tabolism via glucuronidation

FIGURE 6. (A) 18F-FLT biodistri-

bution (tumor [T] and muscle [M]

%ID/g) in female (n 5 5) and male

(n 5 5) mice bearing hormone-inde-

pendent, estrogen receptor–negative

MDA-MB-231 human breast cancer

cells and sacrificed 2 h after injec-

tion of 0.67–0.78 MBq (18–21 μCi)
of 18F-FLT. *P , 0.05 (tumor vs.

muscle). #P , 0.05 (female tumor

vs. male tumor). (B) Representative

Ki-67 immunohistochemistry of MDA-

MB-231 tumors (·40).

FIGURE 5. 18F-FLT biodistribution

(T:M %ID/g) in SSM3 mammary

tumor–bearing and CWR22 prostate

cancer xenograft–bearing mice sac-

rificed 1 h (n 5 5 SSM3 and 4

CWR22) and 2 h (n 5 5 SSM3 and

5 CWR22) after injection of 0.85 MBq

(23 μCi) of 18F-FLT. *P , 0.05

(CWR22 vs. SSM3 tumors).

FIGURE 4. 18F-FDG biodistribution (%ID/g) in male and female 129S6/SvEv mice sacrificed 1

and 2 h after injection of 0.74 MBq (20 μCi) of 18F-FDG (n 5 5 per group). *P , 0.05 (male vs.

female for each tissue).
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(28), but in mice, 18F-FLT is excreted mainly by the kidneys in its
original form (29,30). Furthermore, plasma thymidine levels have
been shown to be 320-fold higher in rodents than in humans (31).

CONCLUSION

Our results demonstrate that sex is an important variable to
consider for preclinical imaging using 18F-FLT. Sex-dependent
differences in 18F-FLT biodistribution and nonspecific tissue up-
take can adversely affect quantitative measures of 18F-FLT uptake,
as well as conclusions on relative tumor proliferation status in
comparison with ex vivo reference standards, such as Ki-67 stain-
ing. These results have broader implications, as the National
Cancer Institute and the imaging community have embarked
on numerous initiatives to define imaging metrics of response
to therapy. Thus, standardization between the sexes to yield sex-
independent imaging metrics of tumor phenotype and therapy
response is critical to advance the translational utility of molecular
imaging.
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