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The hypoxia PET tracer 64Cu-diacetyl-bis(N*-methylthiosemicar-
bazonate) (6*Cu-ATSM) has shown promising results in clinical stud-
ies. However, concemns have been raised with regard to the possible
effect of copper metabolism and free copper on tumor uptake and
thereby the robustness of 84Cu-ATSM as a hypoxia marker. In this
study, accumulation and distribution of 8*Cu-ATSM and 84CuCl, in
tumor tissue were compared with partial pressure of oxygen (pOy)
probe measurements. Methods: One-hour dynamic PET scans were
performed on nude mice bearing subcutaneous human head and
neck tumors (FaDu) and human colorectal tumors (HT29) after ad-
ministration of either 84Cu-ATSM or 84CuCl,. Subsequently,
tracks were generated and track markers were positioned in tumors
to allow for registration of their exact location on the high-resolution
CT scan. After completion of the CT scan, pO, probe measure-
ments were performed along each track. PET and CT images were
coregistered and ROIs drawn on the basis of the location of track
markers and pO, probe measurement depth. A linear mixed model
for repeated measures was applied for the comparison of PET
tracer uptake to corresponding pO, values. Results: Comparable
uptake of 8#Cu-ATSM and 84CuCl, was found in the kidney, muscle,
and liver of all animals, but 84CuCl, showed a higher uptake 10—
60 min after injection in both tumor models. Significant differences
were also found for both tumor-to-muscle and tumor-to-liver ratios.
The intratumoral distribution of 84Cu-ATSM, but not é4CuCl,,
showed a significant negative relationship with pO, measurements
in FaDu tumors. However, this relationship was not found in HT29
tumors. Conclusion: 84Cu-ATSM and %4CuCl, displayed different
uptake in tumors. In human head and neck xenografts, 84 Cu-ATSM
but not 84CuCl, reflected pO, measurements, indicating that 4Cu-
ATSM is a hypoxia-specific marker in this tumor type. However, data
from colorectal cancer xenografts indicated that 4Cu-ATSM may not
be a hypoxia marker in all tumor types.
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Tumor hypoxia is associated with an aggressive tumor pheno-
type and radio- and chemotherapy resistance (/—4). A variety of
techniques have been applied to assess hypoxia, but partial pres-
sure of oxygen (pO,) probe measurements are currently regarded
as the gold standard and have been extensively used to study
the relationship between tumor oxygenation and clinical outcome
(1,5-7). However, this method has several limitations due to the
inaccessibility of some tumors for needle placement, the limited
sampling volume, and the invasive nature of the procedure (8). In
addition, the oxygen electrode is unable to distinguish between
necrotic and viable hypoxic areas, and insertion of the probe
disrupts the tissue at the site of measurement.

Tissue oxygenation can also be quantified with noninvasive
imaging techniques, such as MRI, electron paramagnetic reso-
nance, and PET (9,10), and ®*Cu-diacetyl-bis(N*-methylthiosemi-
carbazonate) (°*Cu-ATSM) is one of several PET tracers currently
under evaluation for imaging of tumor hypoxia. **Cu-ATSM has a
high tumor-to-background ratio and has shown promising results
in small clinical studies, in which the tumor-to-muscle ratio was
able to predict treatment outcome (//—13). However, the robust-
ness of **Cu-ATSM as a marker of hypoxia has been questioned,
because preclinical studies have reported temporal changes in tumor
uptake and cell-type—specific differences in hypoxia selectivity
(14-26). Table 1 provides an overview of major studies using
64Cu-ATSM in small-animal tumor xenograft models.

The mechanism responsible for ®*Cu-ATSM retention is not
completely understood, but in vitro studies have indicated that
the 9*Cu-ATSM complex undergoes reduction by free diffusion
after entering the cells (27-29). In normoxic cells, **Cu-ATSM
is rapidly reoxidized and consequently able to leave the cell
again by free diffusion. In hypoxic cells, reoxidation occurs at a
slower rate, leaving enough time for dissociation of the unsta-
ble [*Cu-ATSM] . The radioactive copper isotope then be-
comes part of the intracellular copper pool, and some studies
have indicated that there also appears to be an efflux of either
radiolabeled ®*Cu-ATSM or copper from cancer cells (30-32).
Moreover, studies of copper metabolism using **CuCl, PET in
tumor xenograft mouse models have reported high tumor accu-
mulation in some tissue types (33,34). This is interesting with
regard to the proposed trapping mechanism and in vivo stability
of %*Cu-ATSM, as copper could both accumulate in tumor tissue
and redistribute after dissociation from the *Cu-ATSM complex.
Indeed, a recent study comparing *Cu-ATSM and %*Cu-acetate
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TABLE 1

Major Studies Using Cu-ATSM in Small-Animal Tumor Models

Ref Tumor type (origin) Cell line Host Method Major findings
18 Mu. gliosarcoma qL F Fischer PET/ ATSM uptake could be manipulated by changes in
344 rats manipulating inhaled oxygen content and by hydralazine
tumor pO, injection; changes in tumor oxygenation were
confirmed by polarographic oxygen needle
21 Mu. prostate AC Dunning M Fisher- PET/IHC Intratumoral distribution of ATSM in R3327-AT evolved;
R3327- Copenhagen only late uptake (16-30 h) corresponded well with
AT rats FMISO accumulation, pO, probe measurements,
Hu. H&N SCC FaDu Nude rats and pimonidazole and Hoechst-33342 staining;
ATSM uptake in FaDu did not differ between early
(1-2 h) and late scans and had distribution similar
to FMISO
25 Mu. mammary AC R3230AC Fischer PET/ARG/IHC Close correlation was found between EF5 staining and
344 rats ATSM accumulation (1 h) in R3230-AC and 9L but
Mu. fibrosarcoma FSA not in FSA, which had highest overall uptake; lack
of correlation between ATSM distribution and
Mu. gliosarcoma aL hypoxia in FSA tumors was confirmed by
pimonidazole and CAIX staining

23 Mu. melanoma B16 M C57BL/6 ARG/IHC Different spatial distribution between ATSM and FDG was

mice found in all 4 models; ATSM accumulated primarily
Mu. LLC LLC1 in tumor regions with low microvessel density
Mu. colon C Colon26 M BALB/c mice
Mu. fibrosarcoma Meth-A

19 Mu. H&N SCC SCCVIl F C3H mice PET/ No significant difference in ATSM tumor uptake was
manipulating found between animals breathing carbogen and
tumor pO, air; changes in tumor oxygenation were confirmed

by pimonidazole staining

15 Mu. gliosarcoma aL F Fischer ARG/PET Strong correlation was found between both early

344 rats (10 min) and late (24 h) uptake of ATSM and FMISO
@h)
22 Mu. LLC LLC1 M C57BL/6 ARG/IHC Grade of accumulation and spatial distribution differed
mice between ATSM and FDG; discrepancy existed
between intratumoral distribution of ATSM and
pimonidazole (1 h)

17 Mu. mammary AC CaNT* F CBA mice PET/ Anesthetics and Oy, level in inhalation mixture can affect
manipulating ATSM uptake in tumor and normal tissue; tumor
tumor pO, oxygenation was confirmed by pO, probe

measurements and EF5 staining

20 Hu. H&N SCC FaDu Nude rats PET/ARG/IHC There was continuous increase in tumor uptake during

90-min dynamic scans and further increase at 18 h;
spatial distribution of early (1 h) but not late (18 h)
ATSM uptake correlated with Hoechst-33342
staining; pimonidazole staining correlated with
neither time point

24 Mu. mammary C EMT6 BALB/c PET/ARG/IHC Both early (2 h) and late (24 h) ATSM spatial

nude mice distribution was similar to FAZA (2 h) in FaDu; in
Hu. prostate AC PC3 PQS and EMT6 only partial overlap was observed
with late uptake of ATSM
Hu. H&N SCC FaDu

16 Mu. mammary AC CaNT* F CBA mice PET/ Similarity in biodistribution and T/M of ATSM and
manipulating acetate and T/M of both tracers was reduced by
tumor change in O, content of inhalation mixture; EF5
pO2/ARG/IHC staining correlated with late (16 h) but not early

Mu. mammary G EMT6 F BALB/c mice (15 min and 2 h) intratumoral distribution of ATSM
and acetate

14 Hu. H&N SCC SQ20b F athymic PET/ARG/IHC ATSM pattern of intratumoral distribution differed from

nude mice fluorinated nitroimidazoles FMISO, FAZA, and HX4
Hu. colorectal AC HT29 (80-90 min); ATSM accumulation correlated
’ with Hoechst-33342 but not CAIX or pimonidazole
Hu. colorectal AC HCT116 staining in all 3 models

*Tumor line that cannot be grown ex vivo.

Ref = reference number; Mu. = murine; Hu. = human; AC = adenocarcinoma; SCC = squamous cell carcinoma; LLC = Lewis lung carcinoma; C = carcinoma; H&N = head and
neck; F = female; M = male; IHC = immunohistochemistry staining; ARG = autoradiography; ATSM = Cu-ATSM; FMISO = '8F-fluoromisonidazole; CAIX = carbonic anhydrase IX;

FDG = '8F-FDG; FAZA = '8F-fluoroazomycin; HX4 = 18F-2-nitroimidazole nucleoside analog; T/M = tumor-to-muscle ratio.
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uptake in tumor-bearing mice found great similarity between
the two tracers (/6). In addition, in vivo stability experiments
indicated that a fraction of *Cu found in blood was not asso-
ciated with the ®*Cu-ATSM complex within a few minutes after
tracer administration (/6).

Oxygen probe measurements have previously been applied to
compare the uptake of PET tracers to average tumor pO, values
(35-37). Moreover, the technique has also been used for evalua-
tion of the spatial distribution of hypoxia PET tracers in a few
studies (21,38,39). In this study, uptake of ®*Cu-ATSM and
64CuCl, was measured in human tumor xenograft-bearing nude
mice using small-animal PET, and the intratumoral distribution
was compared with pO, probe measurements.

MATERIALS AND METHODS

Tumor Model

All experiments were performed under national and European
Union—-approved guidelines for animal welfare. Human head and neck
cancer (FaDu) and colorectal cancer (HT29) cell lines (ATCC) were
cultured at 37°C and 5% CO, in minimum essential medium and McCoy
5A medium, respectively, both supplemented with 10% fetal calf se-
rum and 1% penicillin—streptomycin (all from Invitrogen Co.). Seven-
week-old female nude NMRI mice (Taconic Europe) had 107 cells,
dissolved in 100 pnL of medium mixed with 100 pL of Matrixgel
Basement Membrane Matrix (BD-Biosciences), subcutaneously inoc-
ulated into each flank. Throughout the experiment, the mice were
regularly weighed and tumor dimensions measured using a caliper.

Experimental Setup

64CuCl, and %*Cu-ATSM were produced and synthesized by Risg
National Laboratory, Technical University of Denmark. Before the
procedure, the animals were weighed and randomized into 4 groups
of 4 animals each. All tumors used in this study had diameters of
about 10 mm in each dimension. During all procedures, the mice were
anesthetized using a mixture of 3% sevoflurane (Abbott Scandinavia
AB) mixed with 35% O, in N,.*Cu-ATSM or **CuCl, was injected
into a tail vein, and the exact dose calculated (**Cu-ATSM: 8.96 +
0.65 MBq (mean * SD); %CuCl,: 9.47 = 1.55 MBq) on the basis of
measurements of the syringe before and after injection using a radio-
isotope calibrator (HRC-120; Amersham). Immediately after the in-
jection, the mice were placed on a scanner bed, and the subcutaneous
tumors on each flank were positioned for optimal needle access and
fixed to eliminate movement. One-hour dynamic scans were per-
formed on a microPET Focus 120 (Siemens Medical Solutions) with
a resolution of 1.18 mm (sagittal), 1.13 mm (coronal), and 1.44 mm
(transversal) at the center of the field of view. The resulting list-
mode data were postprocessed using 3-dimensional maximum a pri-
ori algorithms into 256 X 256 x 95 image matrices with a voxel size
of 0.43 mm3. For each mouse, frames were defined so they contained
data from 10 to 20, 20 to 30, 30 to 40, 40 to 50, and 50 to 60 min
from injection to the start of PET acquisition.

After the PET acquisition, two to three 24-gauge vein catheters
(Becton Dickinson A/S) were pierced through each tumor and the
catheter needle retracted. The plastic catheter tubes were left in the
tumor tissue as track markers and for later guidance of pO, probe
insertion. There was a minimum of 3—4 mm between the individual
tracks. The animal bed was moved to a small-animal CT scanner and a
7-min CT scan performed. Immediately after completion of the CT
scan, the animals were moved to a preheated pO, measurement plat-
form and a fiber-optic oxygen-sensitive probe (OxyLite 4000; Oxford
Optronix) was used to measure local oxygen tension in tumors. More
detail on oxygen probe measurement is provided in the supplemental
data (available at http://jnm.snmjournals.org).

Data and Statistical Analysis

For each group, pO, measurements were pooled and cumulative
frequency plots of pO, measurements were used to compare the dis-
tribution. Values below 1.5 mm Hg, equal to 2 times the measurement
accuracy of the Oxylite measurement system, were excluded from the
analysis. After this step, there were 108, 98, 102, and 127 data points
left for further analysis in the FaDu %*Cu-ATSM, FaDu %*CuCl,, HT29
64Cu-ATSM, and HT29 %CuCl,, groups, respectively.

All image data were analyzed using Inveon software (Siemens
Medical Solutions). PET and CT images were coregistered in 3
dimensions by an affine registration algorithm and visually inspected.
Regions of interest (ROIs) were drawn on tumor, muscle, liver, and
kidney tissue and uptake calculated as mean %ID/g (percentage
injected dose per gram of tissue), tumor-to-muscle ratio, and tumor-
to-liver ratio for comparison of image-derived biodistribution. In
addition, multiple 20-voxel spheric ROIs (~0.6 mm?) were placed
along each catheter track. This first ROI was placed immediately un-
der the skin, and the distance between each data point was the same as
for the pO, measurements (~0.5 mm). The uptakes of all regions
along each track were calculated as mean %ID/g.

A linear mixed model adjusting for serial correlation (autoregres-
sive) of repeated measurements was used to assess the association
between uptake of *Cu-ATSM or **CuCl, and the corresponding pO,
probe measurements when both tumor model and time effect was
considered. It was assumed that variation caused by tracer type, tumor
model, time, and pO, and the interactions between them was fixed and
that the effect of individual animals was random. Statistical analysis
was performed with SPSS statistical software, version 20.0 (IBM
Corp.), and Prism 5 (GraphPad Software, Inc.) was used for illustra-
tions. The cumulative frequency plots were visualized using in-house—
constructed algorithm using Matlab (version 2014b; The MathWorks,
Inc.). PET data are presented as mean = SEM. A P value of less than
0.05 was considered statistically significant in all analyses.

RESULTS

Comparison of ¢4Cu-ATSM and ¢4CuCl, Uptake

The image-derived biodistribution of “Cu-ATSM and %*CuCl, in
different tissues from 10 to 60 min after injection was investigated
(Fig. 1). Uptake of *Cu-ATSM was comparable to that of CuCl,
in muscle, kidney, and liver tissue in both tumor models. How-
ever, a higher accumulation of *CuCl, than of **Cu-ATSM was
found in both FaDu and HT29 tumors, resulting in significantly
higher tumor-to-muscle and tumor-to-liver ratios (Figs. 2 and 3).
Also, a higher variation in tumor and liver uptake between an-
imals was observed in the ®*CuCl, group.

Intratumoral pO, Measurements

The pO, values obtained with the oxygen probe in FaDu tumors
ranged from —0.55 to 53 mm Hg in the ®*Cu-ATSM group and
—0.72 to 46 mm Hg in the **CuCl, group. In HT29 tumors, the
pO, values ranged from —0.60 to 57.74 mm Hg in the ®*Cu-
ATSM group and —0.86 to 60.04 mm Hg in the ®*CuCl, group.
To evaluate the compatibility of pO, measurement in the %*Cu-
ATSM and %*CuCl, groups, the relative frequency of readings
=2.5, =5, and =10 mm Hg and the mean and median pO, were
determined on the basis of the cumulative median frequency
plots (Supplemental Figs. 2 and 3). In the FaDu tumor-bearing
mice, the %4Cu-ATSM group had 64%, 68%, and 77% of mea-
surements =2.5 mm Hg, =5 mm Hg, and =10 mm Hg, respec-
tively. The respective percentages in the ®*CuCl, group were
60%, 64%, and 72%. In the HT29 tumor-bearing mice, the ®*Cu-
ATSM group had 74%, 78%, and 81% of measurements =2.5 mm
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FIGURE 1. Image-derived biodistribution of 84Cu-ATSM and %4CuCl,
obtained from dynamic PET scans performed 10-60 min after injection.
Uptake in FaDu tumor-bearing mice of 8#Cu-ATSM (black symbols) (n =
4) and %4CuCl, (blue symbols) (1 = 4) and uptake in HT29 mice of 84Cu-
ATSM (red symbols) (n = 4) and 4CuCl, (green symbols) (n = 4) is given
as mean %ID/g = SEM in tumor (A), liver (B), kidney (C), and muscle (D).
Animals were anesthetized during scans by breathing 3% sevoflurane
mixed with 35% O, in No.

Hg, =5 mm Hg, and =10 mm Hg, respectively. The respective
percentages in the “CuCl, group were 66%, 76%, and 81%.

Intratumoral 54CuCl, and $4Cu-ATSM Uptake and
pO, Measurements

The possible association between the pO, probe measurements
and **Cu-ATSM and ®*CuCl, uptake in corresponding regions in
FaDu and HT29 tumors was evaluated by a linear mixed model
(Table 2). We found a significant negative association between
pO, and the mean %ID/g of **Cu-ATSM in FaDu tumors (P <
0.0001), whereas no significant association was found between
pO, and **CuCl, (P = 0.248). In the HT29 tumors, no significant
association was found between either **Cu-ATSM or #*CuCl, uptake
and pO, (P = 0.590 and P = 0.132, respectively) (Table 2). In FaDu
tumors, the association between pO, and mean **Cu-ATSM was
found to be significant at all time points. The changes in regression
coefficients over time were small and nonsystematic (Table 3).
Figures 4 and 5 show the relationships between tracer uptake
and pO; at 50-60 min after injection in FaDu and HT29 tumors,
respectively.

DISCUSSION

The mechanism responsible for ®*Cu-ATSM retention is not
fully understood, and recently there has been a focus on the pos-
sible effect of copper metabolism on tumor uptake (/6,33). A
recent study compared ®*Cu-ATSM and *Cu-acetate uptake in
tumor-bearing mice and reported that the two tracers had similar
biodistributions (/6). Moreover, the immunohistochemical hyp-
oxia marker 2-(2-nitro-1H-imidazol-1-yl)-N-(2,2,3,3,3-pentafluoro-
propyl)-acetamide (EF5) correlated with the late (16 h), but not
the early (15 min and 2 h), intratumoral tracer distribution of both
64Cu-ATSM and %“Cu-acetate (16). It was previously reported that
the relationship between %“Cu-ATSM and EF5 accumulation in
tumors is dependent on tissue type (25). However, the similarity
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in biodistribution and tumor uptake shown by ®*Cu-acetate and
64Cu-ATSM could indicate that a large fraction of the %*Cu that
had initially bound to ATSM dissociated.

In this study, we also found a similar accumulation of copper in
kidney, liver, and muscle tissue using ®*Cu-ATSM and ®*CuCl,
PET. However, in contrast, ®*CuCl, showed a higher uptake than
64Cu-ATSM in both HT29 and FaDu tumors at all time points.
Also, different relationships between pO, and the spatial distri-
bution of ®*CuCl, and °*Cu-ATSM were found. The level of
tumor uptake and tumor-to-background ratios of both *Cu-
ATSM and %CuCl, found in this study seems to be lower than
has previously been reported (/4,20,33). However, during the 1-h
dynamic scans, the tumor-to-muscle ratios of both %4Cu-ATSM
and %*CuCl, continued to increase and did not reach a plateau.
Importantly, the different imaging time points and anesthetic
procedures applied in the different studies complicate a direct
comparison of results. It has previously been shown that both
anesthetics and level of oxygen in anesthetic gas mixtures can
influence tissue uptake of both ¢*Cu-ATSM and copper (16,17).
Therefore, to avoid fluctuations in uptake, the level of the anes-
thetic gas mixture was strictly kept at a constant level during all
procedures from tracer injection until completion of pO, probe
measurements. However, the experimental setup has likely con-
tributed to slower accumulation and clearance from the back-
ground than would be seen when the tracer is allowed to distribute
in an unanesthetized animal (16,17).

A previous study on nude rats with FaDu tumors found no
correlation between hypoxia marker, pimonidazole, and intra-
tumoral spatial distribution of 4*Cu-ATSM 1 and 18 h after in-
jection (20). In contrast, another study using the same tumor
model found that there was no temporal change in the intratumoral
distribution of ®*Cu-ATSM early (2 h) or late (16 h) after injection
and that pO, probe measurements from different tumor sections
corroborated well with PET images (2/7). This is consistent with
our finding of a negative relationship between pO, probe measure-
ments and the intratumoral spatial distribution of %*Cu-ATSM in
FaDu. However, when we performed the same experiment on mice
bearing HT29 tumors no relationship was found. A tumor type—
dependent difference between intratumoral “Cu-ATSM accumu-
lation and other hypoxic markers has previously been reported by

FIGURE 2. Representative transaxial PET images 50-60 min after in-
jection of FaDu tumor-bearing mice with 4Cu-ATSM (A) and 84CuCl, (B)
and of HT29 tumor-bearing mice with 84Cu-ATSM (C) and $4CuCl, (D)
(arrows indicate tumors).
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the oxygen probe is that it cannot distin-
guish between necrotic and severely hyp-
oxic tissue. Recordings performed on necrotic
tumor areas are problematic for the compar-
ison with tracer uptake because these regions
consists of nonviable cells unable to ac-
cumulate °4Cu-ATSM, which could be
interpreted as hypoxic. FaDu and HT29
tumors grown subcutaneously in nude
mice are likely to develop central necro-
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FIGURE 3. Tumor-to-liver (A) and tumor-to-muscle (B) ratios from dynamic 84Cu-ATSM or
84CuCl, PET scans performed 10-60 min after injection. Uptake in FaDu mice of ®4Cu-ATSM
(black symbols) (n = 4) and %4CuCl, (blue symbols) (n = 4) and uptake in HT29 mice of 84Cu-
ATSM (red symbols) (n = 4) and 84CuCl, (green symbols) (1 = 4) is shown. Animals were anes-
thetized during scans by breathing 3% sevoflurane mixed with 35% O, in N,.

TABLE 2
Regression Coefficients for Effect of pO, on PET Tracer
Uptake
95% confidence
interval
Group Estimate Lower Upper P
FaDu 64Cu-ATSM -0.0222 -0.0330 -0.0114 <0.0001
FaDu 84CuCl, 0.0066 -0.0046 0.0178 0.2478
HT29 64Cu-ATSM -0.0022 -0.0102 0.0058 0.5898
HT29 é4CuCl, 0.0073 -0.0022 0.0169 0.1323

others, and a study comparing the spatial distribution of ®4Cu-
ATSM to pimonidazole in mice bearing HT29 tumors also found
no relationship (/4,25).

pO> probe measurements are considered the gold standard for
determining tissue oxygenation and are therefore an attractive
method for evaluating the performance of hypoxia PET tracers.
As previously mentioned, however, this approach has some limi-
tations. We used cumulative median frequency plotting to verify a
good similarity between the distributions of pO, readings in the
two tumor models before making the comparison with *Cu-
ATSM and ®*CuCl, accumulation. However, one limitation to

Therefore, to include only viable tumor
tissue, pO, values below 2 times the mea-
surement accuracy of the probe (<1.5 mm
Hg) were excluded from the analysis.
Also, as probe insertion is invasive, there
is a possibility that it induces changes in
oxygenation. Using our setup, there is a
risk of inducing changes in microregional tumor oxygenation
between the PET scan and the pO, probe recordings, leading
to a mismatch between corresponding measurements. Microre-
gional changes in tumor perfusion (acute hypoxia) could also
have the same effect. Moreover, the analysis is sensitive with
regard to misalignment between ROIs in PET images and the
corresponding pO, measurements. Even though the tumors were
fixed during needle penetration, movement could affect the cor-
egistration, but any effect is likely limited as the ROIs placed on
the PET images covered a much larger subvolume of the tumor
than the microregional sample volume of the oxygen probe.
However, this discrepancy in volume can also induce variation,
as uptake from ROIs represents average values of tracer accu-
mulation within larger regions, potentially comprising microre-
gional differences in oxygenation.

Overall, despite conflicting preclinical findings, ®*Cu-ATSM is
a promising PET tracer because it has shown the ability to predict
treatment outcome in small patient studies. However, improved
understanding of the tissue-specific selectivity and temporal evo-
lution of distribution, also with regard to in vivo stability, is im-
portant for optimal application of the tracer. Moreover, it is not
clear whether the preclinical findings can be translated into pa-
tients. Therefore, further clinical studies are required on whether
tumor uptake of ®*Cu-ATSM can be used as a hypoxia marker or,
alternatively, to provide other prognostic information.

TABLE 3
Estimated Effect of pO, on PET Tracer Uptake at Different Time Points
FaDu HT29
64Cu-ATSM 64CuCl, 64Cu-ATSM 84CuCl,
Minutes Estimate P Estimate P Estimate P Estimate P
10-20  -0.0191 (-0.0305; -0.0079)  0.0009  0.0132 (0.0015; 0.0250) 0.0273 -0.0035 (-0.0121; 0.0051) 0.4209 0.0085 (-0.0016; 0.0185) 0.0996
20-30 -0.0211 (-0.0324; -0.0098)  0.0003  0.0083 (-0.0034; 0.0201) 0.1650 -0.0030 (-0.0114; 0.0053) 0.4800 0.0065 (-0.0035; 0.0165) 0.2032
30-40 -0.0194 (-0.0308; -0.0081)  0.0008  0.0068 (-0.0050; 0.0185) 0.2591 —0.0006 (-0.0090; 0.0077) 0.8836 0.0092 (~0.0008; 0.0193) 0.0708
40-50 -0.0201 (-0.0314; -0.0088)  0.0005  0.0091 (~0.0026; 0.0209) 0.1281 -0.0005 (-0.0089; 0.0078) 0.9012 0.0075 (-0.0025; 0.0175) 0.1417
50-60 -0.0291 (-0.0405; -0.0179) <0.00001 -0.0031 (-0.0149; 0.0086) 0.6019 -0.0030 (-0.0113; 0.0054) 0.4852 0.0054 (~0.0047; 0.0154) 0.2932

Data in parentheses are 95% confidence intervals.
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FIGURE 5. Comparison between pO, measurements and tracer uptake (mean %ID/g) in 2003:30:844-850.
HT29 tumor subvolumes. (A) 84Cu-ATSM 50-60 min after injection. (B) 64CuCl, 50-60 min 12 Dehdashti F, Grigsby PW, Lewis JS, Laforest R,
after injection. Number of tumor subvolumes used for analysis was 102 for 64Cu-ATSM and Siegel BA, Welch MJ. Assessing tumor hypoxia in

127 for 84CuCls.

CONCLUSION

In human head and neck xenografts, *Cu-ATSM but not
%4CuCl, reflected pO, measurements, indicating that **Cu-ATSM
is indeed a hypoxia marker in this tumor type. However, data from
colorectal cancer xenografts indicated that **Cu-ATSM may not
be a hypoxia marker in all tumor types.
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