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18F-FAC (2'-deoxy-2'-18F-fluoro-B-p-arabinofuranosylcytosine) has
close structural similarity to gemcitabine and thus offers the poten-
tial to image drug delivery to tumors. We compared tumor '8F-FAC
PET images with '#C-gemcitabine levels, established ex vivo, in
3 mouse models of pancreatic cancer. We further modified tumor
gemcitabine levels with injectable PEGylated recombinant human
hyaluronidase (PEGPH20) to test whether changes in gemcitabine
would be tracked by '8F-FAC. Methods: '8F-FAC was synthesized
as described previously. Three patient-derived xenograft (PDX)
models were grown in the flanks of NSG mice. Mice were given
PEGPH20 or vehicle intravenously 24 h before coinjection of 18F-
FAC and '#C-gemcitabine. Animals were euthanized and imaged
1 h after tracer administration. Tumor and muscle uptake of both
18F-FAC and '“C-gemcitabine was obtained ex vivo. The efficacy of
PEPGPH20 was validated through staining with hyaluronic acid
binding protein. Additionally, an organoid culture, initiated from a
KPC (Pdx-1 Cre LSL-Kras®12D | S|-p53R172H) tumor, was used to
generate orthotopically growing tumors in C57BL/6J mice, and
these tumors were then serially transplanted. Animals were injected
with PEGPH20 and “C-gemcitabine as described above to validate
increased drug uptake by ex vivo assay. PET/MR images were
obtained using a PET insert on a 7-T MR scanner. Animals were
imaged immediately before injection with PEGPH20 and again 24 h
later. Results: Tumor-to-muscle ratios of 1“C-gemcitabine and 8F-
FAC correlated well across all PDX models and treatments (R2 =
0.78). There was a significant increase in the tumor PET signal in
PEGPH20-treated PDX animals, and this signal was matched in
ex vivo counts for 2 of 3 models. In KPC-derived tumors, PEGPH20
raised 14C-gemcitabine levels (tumor-to-muscle ratio of 1.9 vs. 2.4,
control vs. treated, P = 0.013). PET/MR '8F-FAC images showed
a 12% increase in tumor '8F-FAC uptake after PEGPH20 treatment
(P = 0.023). PEGPH20-treated animals uniformly displayed clear
reductions in hyaluronic acid staining. Conclusion: 8F-FAC PET
was shown to be a good surrogate for gemcitabine uptake and,
when combined with MR, to successfully determine drug uptake
in tumors growing in the pancreas. PEGPH20 had moderate effects
on tumor uptake of gemcitabine.
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Pancreatic ductal adenocarcinoma (PDAC) is the most lethal
common solid malignancy, with an increasing incidence and a
dismal 5-y relative survival rate of 9% (/). Although the reasons
for this lethality are multifactorial (2), inefficient drug delivery
due to the dense desmoplastic stroma that surrounds malignant
epithelial cells—a unique morphologic feature of pancreatic can-
cer that results in elevated interstitial pressure (3)—is believed to
be among the main contributors to chemoresistance (4). A signif-
icant increase in the survival of PDAC patients was observed with
the introduction of combination therapy regimens (5-7), suggesting
unmet opportunities in drug development.

There is an urgent need to develop and use noninvasive biomarkers
for, first, quantification of intratumor drug uptake before or during
therapy; second identification of patients who may potentially benefit
from interventions designed to improve tumor drug penetrance; and,
third, determination of the optimal time-window during which the
stromal burden remains reduced. Providing a capability to measure
drug uptake noninvasively using a surrogate PET radiotracer would
allow changes in drug uptake to be determined as a consequence of
treatment intervention. It is currently unknown whether a specific
treatment, such as radiation therapy, increases or decreases chemo-
therapeutic drug uptake, as there are no available methods to measure
these changes.

Gemcitabine is a chemotherapy drug that has been widely used
to treat patients with surgically resectable and advanced PDAC.
Deoxycytidine kinase is a rate-limiting enzyme in deoxyribonucleo-
side salvage, a metabolic pathway involved in the production and
maintenance of a balanced pool of deoxyribonucleoside triphos-
phates for DNA synthesis. Imaging probes that target deoxycytidine
kinase may allow for patient stratification into likely responders and
nonresponders with deoxycytidine kinase—dependent prodrugs such
as gemcitabine (8,9). 8F-FAC (2'-deoxy-2'-'8F-fluoro-B-p-arabino-
furanosylcytosine) is a PET imaging agent first developed by Radu’s
group (10,11). It is a substrate for deoxycytidine kinase with an
affinity similar to that of gemcitabine. Whereas gemcitabine has a
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double substitution of a hydrogen atom with a fluorine compared with
deoxycytidine, '8F-FAC has a single substitution. '8F-FAC PET dosim-
etry studies demonstrated that the probe can safely be used to image the
deoxyribonucleoside salvage pathway in humans (9).

We have developed a clinically translatable methodology for the
synthesis of 18F-FAC (/2) and demonstrated that '8F-FAC uptake
reflects gemcitabine distribution in human orthotopic and geneti-
cally modified murine pancreatic cancer models (/3). The princi-
pal aim of this study was to validate whether '8F-FAC PET reflects
gemcitabine levels in different patient-derived xenograft (PDX)
models of pancreatic cancer. We also investigated whether the
intratumor uptake of '8F-FAC would increase in response to treat-
ment with the stromal modulating agent PEGylated recombinant
human hyaluronidase (PEGPH20). PEGPH20 degrades hyaluronic
acid, a major component of the pancreatic cancer stroma (/4,15).
It has been shown to be effective in enhancing drug uptake in
preclinical models of pancreatic cancer (/6). Although it has re-
cently failed to improve therapeutic outcomes (/7), it can serve as
a means to manipulate stroma in experimental tumors.

MATERIALS AND METHODS

Animals and Tumor Models

All procedures involving animals were approved by the Institu-
tional Animal Care and Use Committee of Memorial Sloan Kettering
Cancer Center. Similarly, the animals used in this study were cared for
in accordance with guidelines approved by the Institutional Animal
Care and Use Committee and Research Animal Resource Center.

Orthotopic murine tumors were established and serially transplanted
in female C57BL/6 mice (Jackson Laboratory). The source material was
derived from an organoid culture of cells taken from a genetically
engineered mouse (Pdx1-Cre;LSL-KRASG12D;TrpS3R172H/wt). The
culture was a generous gift of Dr. David A. Tuveson, Cold Spring
Harbor, NY. Tumor fragments (~2 mm) were transplanted as follows.
The mice were anesthetized by isoflurane inhalation (2%; flow rate, 1 L/
min) and administered a 2 mg/kg dose of meloxicam and a 0.5 mg/kg
dose of buprenorphine subcutaneously as preemptive analgesia. The
area of the left abdominal wall was shaved, and sterilizing scrubs were
applied before a 1-cm incision was made. The spleen and pancreas were
exteriorized, and the tumor graft was fixed to the pancreas with ligature (4-
0 Vicryl, polyglactin 910; Ethicon). The muscle layer was closed using
Vicryl, the skin edges were closed with sterilized wound clips, and a
local anesthetic (bupivacaine) was applied at the incision edges. Post-
operative care included close monitoring of the animals and adminis-
tration of meloxicam once per day for 2 d as analgesia. Wound clips
were removed 1 wk after surgery.

NOD.Cg-Prkdcscid 112rgtm1W;jl/SzJ (NSG) mice (Jackson Labo-
ratory) were used for PDX generation as follows: 6-wk-old female
NSG mice were implanted subcutaneously with specimens freshly
collected from patients at Memorial Sloan Kettering Cancer Center
under an approved institutional review board biospecimen protocol, as
previously described (/8). Tumors developed 2—4 mo after implanta-
tion. They were expanded into further mice by serial transplantation.
The generated PDXs were subjected to high-coverage next-generation
sequencing with the Memorial Sloan Kettering IMPACT (integrated
mutation profiling of actionable cancer targets) assay.

Radiotracers

I8F_.FAC was synthesized using a method slightly modified from
that reported in our previous publication (12,19). Briefly, '8F in the
form of ['8FJHF was loaded onto a quaternary methyl ammonium
cartridge preconditioned by passing 5 mL of 0.25 M KHCOj; followed
by 20 mL of deionized water and eluted with 1 mL of 90% acetonitrile
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in water solution, containing KHCO; (1.6 mg, 15.9 pmol) and Kryp-
tofix (Merck) (10 mg, 26.4 pwmol), into a 10-mL Reacti-Vial (Pierce
Chemical). The solution was evaporated by heating the vial to 110°C
under a slow stream of argon gas. To the dried vial, an additional 0.5
mL of anhydrous acetonitrile was added, and the solvent was removed
as described above and the whole process was repeated 2 additional
times. To the vial, 15 mg of the triflate precursor (2-O-(trifluorome-
thylsulfonyl)-1,3,5-tri-O-benzoyl-a-p-arabinofuranose) dissolved in
400 p.L of acetonitrile were added and the reaction mixture was heated
at 110°C for 30 min. The reaction mixture was cooled and transferred
to a microwave vial containing cytosine silyl ether (NV-(trimethylsilyl)-
2-((trimethylsilyl)oxy)pyrimidin-4-amine, 25 mg) in a 500-pL solu-
tion of acetonitrile, trimethylsilyltrifiate, and hexamethyldisilane
(3:1:1) and heated using a microwave oven at 120°C for 25 min.
The reaction mixture was cooled to room temperature and passed
through a silica Sep-Pak Plus column (Waters) (preconditioned with
5 mL of hexane) and eluted into a 10-mL Reacti-Vial with 10%
MeOH in CH,Cl, (2 x 1.25 mL). The solvents were removed by
heating the Reacti-Vial under an argon flow at 110°C. To the crude
reaction mixture, 0.3 mL of 4.6 M sodium methoxide in MeOH (25%
w/v) was added and the reaction mixture was heated at 80°C for
10 min for deprotection. The reaction mixture was treated with glacial
acetic acid (120 pL), and the solvent was removed under an argon
stream at 80°C. The residue was dissolved in 1.8 mL of water passed
through a C18-mini column (Strata C18-E [55 pwm, 70 A], 50 mg/1
mL) to remove insoluble impurities. The crude product was purified
using reversed-phased high-performance liquid chromatography (C18,
XBridge 5 pwm, 10 x 250 mm [catalog no. 186008167; Waters]) with
an isocratic solvent system of 1% acetonitrile in 0.1% trifluoroacetic
acid in water. The radioactive fraction corresponding to the product
peak '8F-FAC was collected, and solvent was evaporated under re-
duced pressure. The identity of the product '8F-FAC was verified by
coinjecting with a commercially available nonradioactive analog on a
high-performance liquid chromatography analytic column (Gemini
5 pm, 250 X 4.6 mm, 110 A [catalog no. 00G-4435-EQ; Phenomenex])
with an isocratic solvent system of 2% acetonitrile in 0.1% trifluoro-
acetic acid in water.

PET Imaging

Orthotopically implanted animals were treated approximately 2-3
wk after implantation. At this stage, tumors were already approxi-
mately 10-15 mm in diameter. PDX tumors were markedly ellipsoid
in shape, and the animals were treated when the long diameter was
approximately 10 mm. The animals received either vehicle (saline) or
PEGPH20 (10 pg/animal; Halozyme) via the tail vein. Twenty-four
hours later, the animals were injected intraperitoneally with approxi-
mately 11 MBq of '8F-FAC, approximately 0.037 MBq of '*C-gem-
citabine (Moravek Biochemicals), or both. The '8F activity in each
syringe was measured, along with the times of measurement and in-
jection, and was used to establish the exact injected '“C activity. PET
images of PDX tumors were a single acquisition comparing control
and PEGPH20-treated animals. The animals were euthanized with
CO, inhalation 1 h after tracer injection, and the carcasses were im-
aged on a Focus 120 microPET (Siemens), in a 5-min acquisition. The
photon energy window was 350-750 keV, and the coincidence timing
window was 6 ns. Fourier rebinning was used to sort data into 2-
dimensional histograms, and transverse images were reconstructed
using an ordered-subset expectation maximization algorithm into a
128 x 128 x 63 (0.72 x 0.72 x 1.3 mm) matrix. The image data were
normalized to correct for dead-time count losses, nonuniformity of
response of the PET, positron branching ratio, and radioactive decay
before injection. No attenuation, scatter, or partial-volume averaging
correction was applied. An empirically determined system calibration factor
for mice was used to convert voxel count rates to activity concentrations.
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The resulting image data were then normalized to the administered activity
to parameterize images in terms of percentage injected dose (%ID)/g.

PET/MRI

A 7-T MR—compatible PET insert was custom-designed and built
for the 7-T Biospec scanner (Bruker Biospin Corp.) with a 20-cm bore
and a maximum 100 mT/m field strength gradient. The scanner uses
the more stable silicon photomultipliers as PET detectors (20). The
PET insert has an axial field of view of 55 mm and a transaxial
coverage of about 60 mm and is able to achieve a spatial resolution
of less than 1.25 mm in reconstructed images.

The mice were injected with approximately 11 MBq of '3F-FAC via
the tail vein and were allowed free activity in the cage before the PET/
MR scan. The mice were anesthetized by 2% isoflurane in oxygen and
placed prone in the PET/MR scanner, with their respiration monitored
by a physiologic monitoring system (SA Instruments). PET data were
acquired in list mode 40 min after the injection for 20 min. Simulta-
neous 3-dimensional MRI of the mouse body was performed using a
300-MHz mouse volume coil (Doty Scientific). Mouse-body fast spin-
echo RARE (rapid acquisition with relaxation enhancement) T2-
weighted 3-dimensional MRI has a field of view of 6 X 3.5 X 3 cm
and a voxel size of 0.23 x 0.27 x 0.31 mm, repetition time of 0.8 s,
echo time of 47 ms, and RARE factor of 16.

PET images were processed off-line on a Linux workstation
running a custom-written 3-dimensional ordered-subset expectation
maximization reconstruction method (4 iterations and 16 subsets)
resulting in an image matrix of 96 X 96 x 96 (0.6-mm voxels). Data
were processed without correction for attenuation or scatter. Correc-
tions for random coincidences and dead time were enabled. The image
alignment was previously confirmed with a PET/MRI phantom. The
resulting rigid-body transformation was then applied to the acquired
animal PET datasets. Tumor '8F-FAC intensity was quantified from
tumor volume of interest defined in the coregistered MR images.
Absolute trace uptake is expressed as %ID/g. Appropriate decay cor-
rection was applied to the time of injection.

Ex Vivo Counting

Carcasses were dissected and tumor and muscle removed. Tumor
was divided for cryosectioning and ex vivo counting. '8F activity was
counted on a Wizard 1480 automatic y-counter (Perkin Elmer) 4C
was counted on a Tri Carb 2910 TK scintillation counter (Perkin
Elmer). '8F counts were obtained immediately after dissection; tissue
was then weighed and solubilized for '*C scintillation counting. Sol-
ubilization was performed in Solvable (Perkin Elmer; 500 wL Solv-
able/150 mg of tissue, incubated for 1 h at 60°C, followed by 100 L
of hydrogen peroxide). Samples were counted in Ultima Gold (Perkin
Elmer). An aliquot of the injection mix was retained and counted to
allow '“C results to be expressed in terms of the injected dose.

Hyaluronic Acid Staining

To validate the effect of PEGPH20 injection on tumor hyaluronic
acid levels, cryosections were cut and stained with biotinylated
hyaluronic acid binding protein (Millipore). Tumor was frozen in
optimal-cutting-temperature compound (Sakura Finetek), and 10-pm
sections were cut. Sections were fixed in 4% paraformaldehyde in
phosphate-buffered saline for 10 min and washed twice in phosphate-
buffered saline. Endogenous peroxidase was quenched by 15-min
exposure to sodium azide (0.5%) and hydrogen peroxide (0.3%) in
ultrapure water, followed by application of an avidin biotin blocking
kit (Vector Labs) according to the manufacturer’s instructions. Sec-
tions were blocked with 1% bovine serum albumin for 1 h at room
temperature, followed by hyaluronic acid binding protein (5 pg/mL)
overnight at 4°C. Sections were washed 3 times in phosphate-buffered
saline and labeled with horseradish peroxidase using the ABC kit
(Vector Labs); color was developed with diamino benzidine/hydrogen
peroxide (Vector Labs), all according to the manufacturer’s instruc-
tions. Sections were counterstained with Hematoxylin Quick Stain
(Vector Labs).

Statistics

Coefficients of determination (R?) measuring the association be-
tween !8F-FAC and '“C-gemcitabine were obtained from linear regres-
sion performed in Excel; the null hypothesis that “C-gemcitabine and
I8F-FAC uptake was not greater after PEGPH20 treatment was tested
by the 1-tailed Mann—Whitney test, except in the case of mice imaged
before and after treatment, for which a 1-tailed paired ¢ test (Excel) was
applied. All P values are presented in the text.

RESULTS

The PDX strains used in this study were LoweM_PAADIa,
RomeP_PAAD_x0002a, and RomeP_PAAD_x0005aS. For simplic-
ity, we refer to them as la, X0002, and X0005. Mice bearing PDX
tumors were coinjected with “C-gemcitabine and '8F-FAC. There
were 10 mice per PDX model, of which 5 were given vehicle and
5 PEGPH20. To validate '8F-FAC as a surrogate for gemcitabine,
I8F activity was compared with “C-gemcitabine. Data derived from
ex vivo counting correlated well (R?> = (.78, pooled data from 30
mice; Fig. 1A). Correlation was also high when tumor activity de-
rived from the '3F-FAC PET images was compared with ex vivo
14C-gemcitabine tumor activity (R? = 0.79, Fig. 1B). The '®F dy-
namic range of tumor-to-muscle ratios (Fig. 1 A) was lower than that
for the results expressed in %ID/g (Fig. 1B). This difference may be
due to muscle uptake, as PEGPH20-treated mice displayed in-
creased tumor and muscle levels of '8F-FAC and '4C-gemcitabine.

PEGPH20 was successful in reducing tumor hyaluronic acid

(Fig. 2) in these animal models. There was
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Correlation between '8F-FAC and #C-gemcitabine, measured by ex vivo counting of
both isotopes (A) and comparing activity in '8F-FAC PET images with 4C activity in tumor ex vivo

creased in PEGPH20-treated mice (Fig.
2D). P values were 0.016 for la and
X0002a and 0.0083 for X0005. This effect
was observed when results were presented
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FIGURE 2. (A and B) Effect of PEGPH20 on '4C-gemcitabine, mea-
sured ex vivo (A), and '8F-FAC, quantified by PET (B). Mean value for
each group is indicated by black line. Significance (P < 0.05) be-
tween control and PEGPH20 was observed for all cases except
14C-gemcitabine in PDX 1a. Data are from same experiment as in
Figure 1. (C and D) Hyaluronidase staining (brown) in representative
sections of control PDX 1a tumor (C) and PEGPH20-treated tumor
(D). Scale bar = 500 pm.

in terms of tumor activity—to—injected activity ratio. However, a sig-
nificant effect of PEGPH20 on tracer and gemcitabine uptake was not
seen when the results were presented as tumor-to-muscle ratios (Sup-
plemental Fig. 1; supplemental materials are available at http://jnm.
snmjournals.org), and in fact PEGPH20 consistently raised muscle
I8F.FAC counts in these experiments, by about 30%.

PEGPH20 pretreatment resulted in increased levels of “C-gem-
citabine uptake in KPC (Pdx-1 Cre LSL-KrasG!?P LSL-p53R172H)_
derived tumors growing orthotopically in the pancreas (Fig. 3). In
terms of disintegrations/min per gram, there was approximately 60%
more activity in tumors from PEGPH20-treated mice (P = 0.016).
For this model, the tumor-to-muscle ratios of “C-gemcitabine were
also significantly elevated (29%, P = 0.004; Supplemental Fig. 1),
and biodistributions of '*C-gemcitabine in C57BL/6 mice were not
altered by PEGPH20 treatment (Supplemental Figs. 2 and 3). Thus, it
seems that the different strains of mice respond differently to
PEGPH20. There is no mechanistic explanation that we know
of to account for these observations; however, as we were
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interested primarily in the ability of 3F-FAC to serve as a
surrogate for gemcitabine, we chose not to further investigate
the normal-tissue response to PEGPH20.

Six animals with KPC-derived orthotopic tumors were imaged
with 18F-FAC PET/MR before and 24 h after administration of
PEGPH20 (Fig. 4). Whole-tumor uptake of '8F-FAC increased
on average by 12%, rising from 1.59 = 0.24 to 1.78 = 0.29 %
ID/g (P = 0.012, Fig. 5). The PET/MR images generally showed
that 18F-FAC activity was peripheral in these tumors, both before
and after PEGPH20 treatment. Qualitatively, this was similar to what
was observed in '8F-FAC autoradiographs obtained in a separate exper-
iment (Supplemental Fig. 4).

DISCUSSION

A methodology to noninvasively quantify drug uptake in tumors
would be of immense value, allowing strategies purporting to
enhance drug uptake to be assessed on a patient-by-patient basis.
Our study showed that '8F-FAC correlated strongly with tumor
gemcitabine levels in PDX models of pancreatic disease. We dem-
onstrated that an intervention (PEGPH20) that would increase intra-
tumor accumulation of gemcitabine would also lead to increased
intratumor '8F-FAC. Experiments with the PDX models supplied di-
rect evidence for this hypothesis, as we achieved '8F-FAC and '“C-
gemcitabine quantification in the same mice. For the orthotopic tumors,
by contrast, evidence was indirect—a treatment that increased tu-
mor gemcitabine levels in one cohort of mice increased intra-
tumor accumulation of '®F-FAC in a different group of animals.
I8F-FAC quantification was by PET/MR, as '3F-FAC PET im-
aging of such tumors could not be accomplished without in-
dependent tumor delineation. With this in place, PET/MR
images of 8F-FAC in tumors before and after PEGPH20 injection
yielded evidence of an enhancement of '3F-FAC after PEGPH20
treatment consistent with the '*C-gemcitabine drug uptake values.
The successful imaging and quantitation of '8F-FAC in tumors grow-
ing in the pancreas support the belief that this technology can be
transferred to the clinic.

As regards PEGPH20, from preclinical studies it had seemed a
promising way to increase drug access to pancreatic tumors.
However, it recently failed a phase III clinical trial (HALO-301
(17)) and was withdrawn from development. Although PEGPH20
clearly affected gemcitabine uptake in our models, there were
some inconsistencies in the data. For the PDX tumors in NSG
mice, PEGPH20 led to a clear increase in tumor gemcitabine,
though as there also was increased '8F-FAC in normal tissues, this
gemcitabine increase was not reflected in the tumor-to-muscle ratio.
By contrast, in the C57BL/6 mice, biodistribution studies of '*C
gemcitabine suggested that PEGPH20 affected drug uptake
only in tumor tissue. In these animals, PEGPH20 treatment
resulted in a significant increase in the tumor-to-muscle ratio
of 1*C-gemcitabine. It may be that the 2 strains of mice respond
differently to PEGPH20, but we did not choose to investigate
this possibility, particularly in view of the failure to enhance
clinical outcomes through PEGPH20 administration.

PEGPH20 was the second major attempt to improve drug access
to pancreatic cancer, after the initial failure of hedgehog pathway
inhibitors (27,22). Other attempts to increase drug delivery in pan-
creatic cancer are ongoing (23-26), and if any such strategy is to be
transferred to the clinic, a direct assessment of tumor gemcitabine
could be invaluable. Judging such a strategy simply by patient sur-
vival alone is problematic, since in the treatment group there will be
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FIGURE 3. Effect of PEGPH20 on '*C-gemcitabine uptake in KPC-de-
rived tumors growing orthotopically in pancreas. Mean value for each group
is indicated by black line. Significant difference (P < 0.05) was found.

individuals whose tumors are inherently resistant to gemcitabine (27)
and, very likely, also interpatient variability in response to the anti-
stromal agent. The results presented here establish '®F-FAC PET as a
potentially informative imaging modality in this context, since it both
correlates well with gemcitabine delivery and can quantify changes
in tumor gemcitabine brought about by antistromal treatment.

In addition to predicting the total tumor gemcitabine accumu-
lation, '8F-FAC PET also revealed significant tumor heterogeneity,

FIGURE 4. '8F-FAC PET/MRI of mouse before (A) and 24 h after (B)
injection of PEGPH20. Scale bar represents %ID/g. Tumor is indicated by
arrows. Mean intratumor '8F-FAC uptake increased from 1.42 to 1.76 %ID/g.
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FIGURE 5. '8F-FAC uptake as measured by PET/MRI increases after

PEGPH20 injection in KPC-derived orthotopic tumors, from 1.59 + 0.24
to 1.78 + 0.29 %ID/g.

seen in PET images obtained from the PDX- and KPC-derived
models, and present both in control and in PEGPH20-treated an-
imals and mirrored by autoradiography. Heterogeneity of drug
distribution in tumors will be a major barrier to successful therapy,
as tumor response will be determined by the least-treated popula-
tion. For any strategy based on increasing drug uptake, this con-
sideration is a critical one that can be understood only through
imaging. In pancreatic tumors, the stromal barriers that limit drug
uptake also create uneven drug distribution (28). Heterogeneity in
gemcitabine uptake could also arise from variable expression lev-
els of deoxycytidine kinase, which largely determine its accumu-
lation and efficacy (29). However, in the KPC-derived tumors we
have also mapped 5-fluorouracil distribution and found that it
correlates closely with that of gemcitabine (30), though 5-fluoro-
uracil entrapment is governed by an entirely separate pathway.
Finally, tumor-associated macrophages have recently been shown
to interfere with gemcitabine response through the release of
deoxycytidine (37), reducing gemcitabine efficacy in a murine model.
Significantly, deoxycytidine does not inhibit cellular uptake of gem-
citabine but, rather, inhibits DNA incorporation. The implication for
the clinical use of '8F-FAC might be that whereas low signal would
likely identify minimal gemcitabine responders, a high PET signal
would not in itself be a reliable promise of therapeutic benefit.

CONCLUSION

We have demonstrated a good concordance between '8F-FAC
and gemcitabine in 3 PDX models of pancreatic cancer. There was
a significant correlation between tumor '8F-FAC and '*C-gemci-
tabine when both tracers were counted in dissected tissue; this
correlation held when !8F activity concentrations were obtained
from PET images. The effects of PEGPH20 pretreatment on gem-
citabine uptake could be predicted by '8F-FAC imaging. In mouse
models of pancreatic disease, '8F-FAC PET has the ability to pre-
dict tumor gemcitabine levels and may be useful to assess tech-
niques that purport to enhance tumor drug delivery.
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KEY POINTS

QUESTION: Can drug delivery of gemcitabine in pancreatic can-
cer be quantified through noninvasive PET imaging with 18F-FAC?

PERTINENT FINDINGS: A good concordance was seen between
18F-FAC and 14C-gemcitabine uptake in 3 PDX models of pan-
creatic cancer. The effects of PEGPH20 pretreatment on gemci-
tabine uptake could be predicted by '8F-FAC imaging.

IMPLICATIONS FOR PATIENT CARE: '8F-FAC PET may be
useful to assess techniques that purport to enhance drug delivery
in pancreatic cancer.
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