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Abstract

Objective—To evaluate the repeatability of %8Ga-DOTA-D-Phel-Try3-Octreotide (°3Ga-
DOTATOC) Positron Emission Tomography (PET)in neuroendocrine tumors.

Methods—Five patients with neuroendocrine tumors were imaged with 88Ga-DOTATOC PET
twice within 5 days. Maximum and average standardized uptake values (maxSUV and meanSUV)
and kinetic parameters (K-Patlak and K-influx) of target lesions were measured. The repeatability
of these measurements was investigated.

Results—A47 target lesions were identified on whole body PET and 21 lesions on dynamic
images. There was excellent repeatability with intraclass correlation coefficient of 0.99 for
maxSUV, meanSUV and for K-Patlak and 0.85 for K-influx. The median absolute percent
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differences and the interquartile ranges (IQR) between two scans for maxSUV and meanSUV
were 7.4% (IQR: 14.1%) and 9.3% (IQR: 10.6%), respectively. The median absolute percent
differences for K-Patlak and K-influx were 12.5% (IQR: 12.6%) and 29.9% (IQR: 22.4%),
respectively. The maxSUV of target lesions did not differ by more than 25% between two scans.

Conclusions—%Ga-DOTATOC PET imaging of neuroendocrine tumors is highly reproducible.
A difference of more than 25% in maxSUV represents a change that is larger than the
measurement error observed on repeated studies and should reflect a significant change in the
biological character of the tumor.

Keywords
68Ga-DOTATOC; PET; repeatibility

Introduction

Indium-111 DTPA-D-Phel-octreotide (111In-Octreotide; OctreoScan®, Covidien)is the only
FDA approved clinical imaging agent for somatostatin receptor scintigraphy of
neuroendocrine tumors (NETS). It is particularly suited for well-differentiated NETs with
high expression of sstr2 receptors. The sensitivity of 111In-Octreotideis high (>75%) for
carcinoid tumors and most pancreatic NETs(1); however it is diminished for tumors with
lower expression of sstr2 receptors (such as insulinoma and medullary thyroid cancer) or
small lesions with a low tumor-to-background ratio(2). Another potential disadvantage

of 11In-Octreotideis the relatively high radiation dose, which reaches an effective dose of
12 mSv (1.2 rem) for the recommended administered activity of 222MBq (6 mCi) in adults

).

Positron emission tomography (PET) with fluorodeoxyglucose (FDG) has limited sensitivity
in detection of well-differentiated neuroendocrine tumors(3). PET imaging with a new group
of octreotide analogs labeled with Gallium-68 (58Ga; a generator product with a half-life of
68 minutes) and DOTA as chelator (3Ga-DOTA-Octreotide analogs) have however shown
highly promising results for detection of well differentiated neuroendocrine cancers. The
most widely studied $8Ga-DOTA-Octreotide analogs for PET imaging are $8Ga-DOTA-D-
Phel-Try3-Octreotide (63Ga-DOTATOC), 8Ga-DOTA-Tyr3-Thr8-octreotide (43Ga-DOTA-
TATE) and %8Ga-DOTA-1-Nal3-octreotide (68Ga DOTANOC). All of these
radiopharmaceuticals target sstr2 in NETs with $8Ga-DOTA-TATE demonstrating the
highest affinity for sstr2 and %8Ga-DOTANOC demonstrating the highest affinity for sttr3
and sstr5 receptors(4). Despite its lower affinity for sstr2, %8Ga-DOTATOC PET has been
shown to detect significantly more NET lesions compared to 88Ga-DOTA-TATE(5). The
potential advantages of 58Ga-DOTA-Octreotide analogs over In-111 Octreotide include the
higher resolution and accurate quantification of uptake achieved with PET compared to
SPECT imaging and also the higher affinity of the 88Ga-DOTA-Octreotide analogues for
somatostatin receptor bearing tissues (6). Head-to-head comparisons of 88Ga-DOTATOC
and 111In-Octreotide have demonstrated the higher sensitivity of ®8Ga-DOTATOC for the
detection of neuroendocrine tumors (7-9). The radiation dosimetry of 68Ga-DOTATOC is
also favorable with an effective dose of 4.26 mSv (0.426 rem) for 185 MBq (5 mCi) of
administered activity (10).

Although the utility of 88Ga-DOTA-Octreotide analogs in detection of neuroendocrine
tumors is now well recognized, their use in monitoring treatment response is less well
established (11). To evaluate treatment response with 88Ga-DOTA-Octreotide analogs, the
repeatability of uptake measurements with these radiopharmaceuticals needs to be
established. The objective of this study was to evaluate the repeatability of 58Ga-DOTATOC
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uptake in tumors as measured by standardized uptake value (SUV) and kinetic parameters in
NET lesions as determined by imaging on two separate occasions.

Materials and Methods

Patient Characteristics

Five subjects with neuroendocrine tumors with widespread metastatic disease based on
previous 111In-Octreotide imaging and with plans for future peptide receptor radionuclide
therapy (PRRT) were enrolled in this study. There were three males and two females with a
mean age of 55 (range: 36-67). The primary tumors were midgut carcinoids in 3 patients,
gastrinoma in one patient and carcinoid of unknown primary in one patient. The clinical and
pathological features of each subject are summarized in Table 1. Each subject underwent
two 88Ga-DOTATOC PET scans within 5 days. All subjects were off long-acting release
octreotide for 5 weeks prior to the scans and had no interval octreotide therapy between the
two 88Ga-DOTATOC PET scans. The study was approved by the University of lowa
Institutional Review Board (IRB) and Radioactive Drug Research Committee (RDRC) and
each subject provided a signed informed consent.

68Ga DOTATOC Synthesis

Synthesis of ¥8Ga-DOTATOC was performed using an automated 58Ge/68Ga generator
(IGG100, Eckert-Ziegler) coupled with a ModularLab PharmTracer fluid handling system
(Eckert-Ziegler) adapted for methods similar to those described by Zhernosekov et al(12). A
significant modification, which simplified the approach, involved the inclusion of the
STRATA-XC cation exchange resin, which enabled the removal of a rinse step in the
purification process. Further, adaptation of the method for the automated system enables
daily production in a virtually hands free environment, which minimizes personnel dose to
operators during the production process. Details of the methodology and automation are
presented elsewhere (13,14). Briefly, $3Ga was eluted with 6 mL 0.1 M hydrochloric acid
(HCI) to an in-line cation exchange resin (STRATA-XC, Phenomenex), which retains %8Ga.
Purified 68Ga is then eluted with 98% acetone/0.02 M HCI to a glass reaction vessel
containing 21 nmoles (30 ug) DOTATOC (in 2 mL sodium acetate buffer, pH 4).
Radiolabeling is carried out at 95 °C for 6 min. Acetone is removed by vent to waste during
the radiolabeling step. Following radiolabeling, 88Ga-DOTATOC is transferred to an in-line
disposable C-18 cartridge (Strata-X, Phenomenex). Free 68Ga is removed by saline rinse
and pure 8Ga-DOTATOC is eluted in 2 mL 1:1 95% ethanol:water to the product vial via a
0.22 pm sterilizing filter and diluted to approximately 7 mL with isotonic saline for
injection. QC parameters were measured by standard techniques.

The decay-corrected radiochemical yield was 50-60%. Conservative estimates of specific
activity and the amount of peptide injected per patient dose assume quantitative transfers of
DOTATOC peptide. The estimated specific activity at end of synthesis, assuming
quantitative transfer of DOTATOC was 26+1 MBg/nmol and the radiochemical purity was
98+1%. Other quality control parameters (pH; filter integrity, acetone, ethanol, and
endotoxins) were well within specifications. Specific activity at the time of injection was
17+1 MBg/nmol and the amount of peptide per injected dose was estimated to be 16+1 g
of DOTATOC.

68Ga-DOTATOC PET-CT Imaging

Following the 1V administration of 185 MBgq (5mCi) of 88Ga-DOTATOC, dynamic images
of the chest or abdomen (i.e. centered over the target lesion) were obtained for 60 minutes
(36 frames at 12 x 10sec/frame, 6 x 30sec/frame, 5 x 60 sec/frame, 5 x 2min/frame and 8 x 5
min/frame) on an ECAT EXACT HR+ PET scanner (Siemens Medical Solutions USA, Inc.)
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operated in the 3-dimensional mode. A pre-injection transmission scan with a 8Ge pin
source was obtained for attenuation correction of dynamic images. Concurrent with dynamic
imaging, venous blood samples were obtained at approximately 2,4, 6, 10, 20 and 40 min
after the injection of %8Ga-DOTATOC. After the dynamic imaging was completed, the
patient was transferred to a Siemens Biograph Duo PET-CT scanner (Siemens Medical
Solutions USA, Inc.). A low-dose noncontrast whole body CT scan was acquired for
attenuation correction and a PET scan was acquired from the base of the skull to the
proximal thighs (7-8 bed positions). Dynamic PET and whole body PET-CT images were
iteratively reconstructed; 2 iterations and 8 subsets with an 8-mm gaussian postprocessing
filter for dynamic images and 4 iterations and 16 subsets with a 5-mm gaussian
postprocessing filter for whole body PET-CT images.

Image Analysis

Dynamic PET Imaging Data—Time-activity curves (TACs) were determined for
volumes-of-interest (VOIs) for lesions identified on the dynamic frames on the first and
second PET scan. VOIs were generated based on 50% thresholding of the voxel with the
highest activity. Arterial plasma input functions were generated from VOIs over major
vessels (e.g., aorta) corrected for the whole blood/plasma ratio determined from analysis of
venous blood samples. Pharmacokinetic parameters based on non-compartmental (i.e., K-
Patlak derived from Patlak graphical analysis) and compartmental modeling (i.e., K-influx
derived from a two-tissue compartment model) were calculated for each target volume of
interest (VOI). VOI and pharmacokinetic analyses were performed using the PVIEW and
PKIN tools of the PMOD Biomedical Image Quantification software package (version 3.3,
PMOD Technologies LTD, Zurich, Switzerland).

Whole Body PET-CT Data—For each subject, up to a total of 10 target lesions and a
maximum of 5 lesions per organ were identified that included all involved organs. If more
than five lesions were present in one organ (such as liver, lymph nodes or bone), the lesions
with the highest uptake of 68Ga DOTATOC were selected for analysis. Maximum pixel
standardized uptake values (maxSUV) and the average SUV based on volumes of interest
(\VOIs) created as described above (meanSUV) were calculated for all target lesions on scan
1 and scan 2.

Statistical Analysis

The repeatability of the measurements was investigated using Bland-Altman plotsas a
graphical assessment tool and the intraclass correlation coefficient (ICC) as a statistical
quantifier. The ICC quantifies the correlation between two replicates from the same subject,
and is a consistent measure of reproducibility confined between 0 and 1. Higher values of
ICC correspond to smaller within subject measurement variability; meaning that
measurements are less variable from one replicate to the next. ICC<0.4 indicates a poor
reproducibility, 0.4<ICC<0.75 indicates fair to good reproducibility and ICC =0.75 indicates
excellent reproducibility. Statistical analyses were performed using MedCalc software
(version 12.2.1.0; MedCalc Software, Mariakerke, Belgium).

The difference between the two scans for SUV and kinetic parameters were calculated by
percent difference and absolute percent difference using the following equations:

: _ Scan 1—Scan 2
Percent Difference=100 X 17& 8 Sean sy (Scan 1,Scan’)

Absolute Percent Difference=100 x ABS (%)
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The interval between two PET scans was 1-5 days (meanz SD: 2.2 + 1.6 days). The first
whole body PET-CT scans were obtained 69-85 min after injection of the
radiopharmaceutical. Because an attempt was made to match the uptake time prior to whole
body imaging between the scans, the uptake period for the second PET-CT scan did not
differ by more than 3 minutes from that of the first scan for each subject. Forty-seven target
lesions were identified on whole body scans; a representative subject with numerous lesions
is shown in Figure 1. The target lesions included 13 liver lesions, 19 lesions in lymph node
basins, 9 bone lesions, 2 lung lesions and 1 lesion each in the pancreas, ileum, peritoneum
and heart. Dynamic imaging was not usable for quantitation in one subject due to significant
motion; in the remaining 4 subjects 21 lesions were identified on both dynamic images,
including 9 nodal lesions, 11 liver lesions and 1 lesion in the pancreas.

There was an excellent repeatability between the two scans for both standardized uptake
values and kinetic parameters (Figure 2). The intraclass correlation coefficient (ICC) was
0.99 for maxSUV and meanSUV, 0.99 for K-patlak and 0.85 for K-influx. The average
percent differences for SUV and kinetic parameters are presented in Table 2. There was a
positive correlation between SUV (mean and max) and the absolute difference of SUV
between two scans; however the absolute percentage difference showed no correlation with
the magnitude of the SUV (Figure 3).

The absolute percent differences for the mean SUV, K-Patlak and K-influx did not follow a
normal distribution based on D’ Agostino-Pearson test (p=0.0001), whereas a borderline
Gaussian distribution was noted for SUVmax (p=0.07). Therefore the medians of absolute
percent differences were also calculated along with the interquartile range (IQR). The
median absolute percent differences between two scans in max SUV-WB and mean SUV-
WB were 7.4% (IQR: 14.1%) and 9.3% respectively (IQR: 10.6%). For the kinetic
parameters, the median absolute percent differences for K-Patlak and K-influx were 12.5%
(IQR: 12.6%) and 29.9% (IQR: 22.4%), respectively. Excluding one outlier (identified with
Tukey outlier test), the maxSUV in any target lesion did not differ by more than 25%
between two scans (Figure 4A). The variability was significantly higher with K-influx
(Figure 4B).

Discussion

68Ga labeled somatostatin analogs are currently only available as investigational
radiopharmaceuticals in the United States. They are, however, used as a clinical imaging
tool in Europe to stage and re-stage neuroendocrine tumors as well as to provide quantitative
measurement of somatostatin receptor expression, a prognostic indicator of potential tumor
response to octreotide therapy or peptide receptor radionuclide therapy (PRRT)(11). Our
investigation demonstrates the excellent repeatibility of quantitative uptake measurements
with 88Ga-DOTATOC in neuroendocrine tumors. Furthermore our results suggest that a
change of more than 25% in tumor maximum SUV between two scans is greater than the
measurement error of uptake and should therefore reflect a change in the biological
character of the tumor.

Standardized uptake value (SUV) provides a snapshot of uptake at a predetermined time
point. The uptake of 88Ga-DOTATOC is however a dynamic process that depends on
plasma clearance and initial receptor binding and internalization of the receptor-ligand
complex, and displacement from the receptor and externalization, which can be described
through pharmacokinetic analysis using a two-tissue compartment model(15). In our study,
the pharmacokinetic parameters, K-influx, based on a two-compartment model, and the K-
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Patlak, based on the non-compartmental graphical approach, exhibited higher average
absolute percent differences and, in the case of K-influx, lower ICC, than the SUV-based
metrics with 68Ga DOTATOC. Pharmacokinetic analyses require an arterial plasma input
function and tumor time-activity-curves (TACs) for the calculation of the parameter values.
Noise in either the tumor TAC or the image-derived arterial input function (due to subject
motion or poor count statistics) or model misspecification can adversely effect the parameter
estimates. Parameters derived from non-compartmental fits (i.e., K-Patlak) are generally
more robust than those derived from compartmental fits (i.e., K-influx) as was evidenced by
the results in the present study.

Although PET imaging with %8Ga labeled somatostatin analogs is used as a clinical tool for
staging of neuroendocrine tumors, the data on its utility in monitoring treatment response are
more limited and controversial. Gabriel et al. found no advantage of using 88Ga-DOTATOC
over conventional imaging with CT or MRI in the evaluation of treatment response after
completion of all cycles of peptide receptor radionucide therapy(16). In their study of 45
patients with available SUV information in the index lesion, 19 patients showed more than a
20% drop in SUVmax, however only 8 of these patients were in remission. On the other
hand, 8 of 10 patients with greater than a 20% increase in SUV had stable or improving
disease. It should be noted, however, that many patients in this study developed new sites of
metastases during follow-up, qualifying them for progressive disease regardless of the
change in uptake in the index lesion. In a subsequent study by Haug et al., the change in
uptake of %8Ga- DOTA-TATE in target lesions correlated with time to progresssion and
improvement in clinical symptoms after PRRT, with the SUV ratio of tumor-to-spleen
performing better than SUVmax, although splenic uptake may also be altered after
PRRT(17). In these studies, the reponse evaluation was performed either after completion of
all therapy cycles or 3 months after the first cycle. However, there may be significant
changes already occurring in the tumor early after the first cycle of PRRT, which may help
in the early predicton of therapy response. Comparison of the uptake of radiolabeled
somatostain analogues in the tumor may be potentially even more valuable early after the
initial treatment cycle as morphological methods would not reflect the response or could
even be potentially misleading due to radiation induced tumor swelling.

The repeatibility of uptake of PET radiopharmaceuticals is an area of significant focus
because of the increasing use of PET imaging in monitoring response to cancer therapy. The
repeatability of Fluorodeoxygluocose (FDG) uptake in tumors was investigated in a recent
metaanalysis by de Langen et al (18). This metaanalysis examined six previously published
studies (19-23), which included five patient cohorts with a combined 234 tumors. A change
of more than 20% and 1.2 units in meanSUV and a difference of more than 30% and 2 units
in maxSUV were found to represent a true change rather than measurement error in the SUV
in this analysis. The percent differences in our study for 8Ga-DOTATOC are similar to
those reported for FDG, however, the absolute differences are significantly higher

with 68Ga-DOTATOC(Figure 3 Bland-Altman curves) due to the extremely large range of
SUVs observed with %Ga-DOTATOC. In our study, 3 lesions had maxSUV greater than 90
(up to 249) and an additional 5 lesions had maxSUV greater than 30, values which would be
exceedingly rare with FDG. Therefore a percentage change in uptake should be a more
reliable tool compared to the absolute difference to evaluate the change in 8Ga-DOTATOC
uptake.

The variability of tumor uptake of 58Ga-DOTATOC may be the result of a number of
factors that influence directly the uptake of the radiopharmaceutical or the measurement of
the uptake. The specific activity of 58Ga-DOTATOC, i.e. the ratio of the concentration of
the radioactivity to the concentration of the unlabeled ligand (unlabeled octreotide) of the
radiopeptide, may have a significant effect on the binding of the radioligand. The tumor
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uptake of %Ga-DOTATOC initially increases with a larger amount of the unlabeled peptide
due to receptor clustering induced by the ligand, however, with the administration of a
higher mass of the unlabeled peptide, the uptake decreases because of saturation of the
somatostatin receptors(24). The dose-dependent effect of cold octreotide on tumor uptake
of %8Ga-DOTATOC was demonstrated by Velikyan et al, who reported enhanced tumor
uptake of %8Ga-DOTATOC after IV administration of 50 g of unlabeled octreotide, but a
decrease in 8Ga-DOTATOC uptake with higher doses of octreotide administration (25).
Although the specific activity of the administered dose of 68Ga DOTATOC can be
contolled, the specific activity of 68Ga DOTATOC may be significantly reduced in vivo in
patients, who receive therapeutic doses of unlabeled octreotide. Although all of our subjects
treated with long-acting release octreotide were imaged 5 weeks after the last treatment
dose, there may still be a slight difference in the blood octreotide levels between the two
scans. In view of these observations, octreotide therapy should be either discontinued prior
to $8Ga-DOTATOC PET scans if performed for treatment monitoring purposes, or
alternatively, both baseline and follow-up scans should be performed under the same dose of
octreotide therapy. The higher plasma availability of %8Ga-DOTATOC, as would be seen in
patients with slower renal clearance, may also increase the tumor SUV. This may be an
important factor to consider in response assessment after peptide receptor radionuclide
therapy (PRRNT), a treatment that may cause a significant decline in renal function.

The variation of tumor uptake measurements observed in this study may also be due to
subtle differences in the size and position of the volumes of interest (VOIs) with respect to
the tumor tissue. With respect to VOI definition, each scan was treated as a unique entity,
therefore, the 50% of maximum pixel value (within the area) was applied for each lesion in
each scan. Small changes in the maximum pixel value, due to the uptake of tracer but also
from technical issues such as tumor motion secondary to breathing artifacts or change in
bowel position, will translate directly into variability in the maxSUV, but also, potentially,
in the definition of the VOI and therefore, dually affect the meanSUV. Still both maxSUV
and mean SUV showed excellent repeatability between two scans with interclass correlation
coefficient of 0.99. Finally, the tumor uptake and its repeatability may vary depending on
the uptake period. In our study, the tumor uptake of 88Ga-DOTATOC continued to increase
throughout the dynamic acquisition period of 60 minutes. Therefore, for comparison
purposes using SUV with 88Ga-DOTATOC, the uptake period should be as similar as
possible between the baseline and follow-up scans, particularly if imaging is to be started at
60 min or earlier after the injection of the radiopharmaceutical. In longitudinal studies,
SUVs should ideally be obtained after the tumor uptake reaches a plateau, which based on
our observations would require an uptake period longer than 60 minutes for 88Ga-
DOTATOC.

Conclusions

68Ga-DOTATOC PET imaging of neuroendocrine tumors is highly reproducible. These
preliminary findings suggest that a difference of more than 25% in tumor maximum SUV
between two scans represents a change that is larger than the measurement error observed on
repeated studies and should reflect a significant change in the biological character of the
tumor.
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Figure 1.

(A-E): 8Ga-DOTATOC whole body PET (maximum intensity projection; Figure 1A) and
select PET-CT images (Figure 1B—E) of a subject with widepread metastatic neuroendocrine
tumor. Note the multiple liver lesions (Figure 1B; arrow), thoracic spine lesion (Figure 1C;
arrow), paraaortic nodal lesions (Figure 1D; arrow) and an ileal small bowel lesion in the
right lower quadrant (Figure 1E; arrow). The ileal primary lesion, which was subsequently
confirmed surgically, was not detected prospectively on the 111In-Octreotide scan obtained
prior to 8Ga-DOTATOC study.
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(A-D): Comparison of uptake measurements on first and second 8Ga-DOTATOC PET
scan. There is an excellent correlation between two scans for maxSUV, meanSUV, K-Patlak
and K-influx. For presentation purposes, 3 lesions with extremely high uptake are not
included in the SUV distribution curves and one lesion is excluded in the K-Patlak and K-

influx curves.
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(A-D): Bland Altman graphs for maxSUV and meanSUV (3A and 3B), which show the
correlation of the difference of SUV (SUV1-SUV2) and the average of the SUV in two
scans. Figures 3C and 3D show the correlation between absolute percent difference in SUV
and the average SUV in two scans. The difference in SUV between two scans was higher in
tumors with higher uptake (3A and 3B); the percent differences were however independent

from the magnitude of SUV (3C and 3D).
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Fig. 4.

(A-B): Box and whisker plot for absolute percent difference for maxSUV and meanSUV
from whole body images (Figure 4A) and for kinetic parameters from dynamic data (Figure
4B). Note the outlier values identified using Tukey outlier test. The highest values for
absolute percent differences between two scans after exclusion of outliers were 24.9% for
maxSUV, 36.8% for meanSUV, 32.0% for K-Patlak and 57.8% for K-influx.
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