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Quantitative imaging and dosimetry are crucial for individualized treat-
ment during peptide receptor radionuclide therapy (PRRT). 77Lu-
DOTATATE and 68Ga-DOTATOC/%8Ga-DOTATATE are used, re-
spectively, for PRRT and PET examinations targeting somatostatin
receptors (SSTRs) in patients affected by neuroendocrine tumors.
The aim of the study was to quantitatively and qualitatively compare
the performance of $8Ga-DOTATOC and 8Ga-DOTATATE in the con-
text of subsequent PRRT with 177Lu-DOTATATE under standardized
conditions in the same patient as well as to investigate the suffi-
ciency of standardized uptake value (SUV) for estimation of SSTR
expression. Methods: Ten patients with metastatic neuroendocrine
tumors underwent one 45-min dynamic and 3 whole-body PET/CT
examinations at 1, 2, and 3 h after injection with both tracers. The
number of detected lesions, SUVs in lesions and normal tissue, total
functional tumor volume, and SSTR volume (functional tumor vol-
ume multiplied by mean SUV) were investigated for each time point.
Net uptake rate (K;) was calculated according to the Patlak method
for 3 tumors per patient. Results: There were no significant differ-
ences in lesion count, lesion SUV, K;, functional tumor volume, or SSTR
volume between 68Ga-DOTATOC and %8Ga-DOTATATE at any time
point. The detection rate was similar, although with differences for
single lesions in occasional patients. For healthy organs, marginally
higher uptake of 88Ga-DOTATATE was observed in kidneys, bone
marrow, and liver at 1 h. 8Ga-DOTATOC uptake was higher in me-
diastinal blood pool at the 1-h time point (P = 0.018). The tumor-to-
liver ratio was marginally higher for $8Ga-DOTATOC at the 3-h time
point (P = 0.037). Blood clearance was fast and similar for both
tracers. SUV did not correlate with K; linearly and achieved satura-
tion for a K; of greater than 0.2 mL/cm?3/min, corresponding to an SUV
of more than 25. Conclusion: $8Ga-DOTATOC and 68Ga-DOTATATE
are suited equally well for staging and patient selection for PRRT
with 1777Lu-DOTATATE. However, the slight difference in the healthy
organ distribution and excretion may render ¢8Ga-DOTATATE pref-
erable. SUV did not correlate linearly with K; and thus may not re-
flect the SSTR density accurately at its higher values, whereas K;
might be the outcome measure of choice for quantification of SSTR
density and assessment of treatment outcome.
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Combination of molecular imaging and internal radiotherapy
targeted at receptors overexpressed in cancer cells is one example
of advanced theranostics wherein the pretherapeutic imaging and
radiotherapy are conducted with the same vector molecule, ex-
changing only the imaging and therapeutic radionuclides (/). This
technique has become a powerful tool for the management of pa-
tients affected by neuroendocrine tumors (NETSs) overexpressing
somatostatin receptors (SSTRs). Approximately half of patients
have metastatic disease at presentation, and early, accurate diag-
nosis and staging are crucial for therapy decisions. One of the main
advantages of PET/CT is the possibility of quantifying tracer up-
take and kinetics as a reflection of the processes underlying the
disease and thus facilitating personalized diagnosis and therapy.
PET/CT with %8Ga-labeled somatostatin analogs is gradually be-
coming a new gold standard for NET imaging, replacing '!!In-
DTPA-pentetreotide (Octreoscan; Mallinckrodt) scintigraphy. The
method demonstrates specificity and sensitivity well above 90%,
exceeding that of CT and scintigraphy (2—4). The superiority of
68Ga-labeled somatostatin analogs in terms of specificity, sensitiv-
ity, staging accuracy, detection rate, quantification, and acquisition
time over '8F-FDG (5), !8F-3,4-dihydroxyphenylalanine (6), '23I-
metaiodobenzylguanidine (7,8), 1!'In-DTPA-pentetreotide (9), 18F-NaF,
and %°™Tc-dicarboxypropanediphosphonate (/0) has been demon-
strated. The high impact of ®*Ga PET/CT on patient management
can be illustrated by the fact that the course of treatments was
changed or adjusted in 50%—-60% of cases on the basis of °3Ga
PET/CT results (/1-15). Thorough analysis of the publications on
16 clinical studies involving 567 patients with suspected thoracic
or gastroenteropancreatic NETs suggested PET/CT with %8Ga-
labeled somatostatin analogs as an independent first-line diagnostic
imaging method for this category of patients (16). %3Ga-DOTATOC,
%8Ga-DOTATATE, and 8Ga-DOTANOC have been extensively used
in clinical studies demonstrating fast pharmacokinetics, target
localization, blood clearance, and renal excretion as well as short
scanning time, low radiation dose, high sensitivity, high resolu-
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tion, high detection rate, high image contrast, and possibility for
accurate quantification (/7). Besides diagnosis, staging, prognosis,
and therapy selection in NET disease, ®®Ga PET/CT has been ap-
plied in imaging of other SSTR-expressing tumors such as pheo-
chromocytoma and paraganglioma, meningiomas, and melanoma,
often having an effect on therapeutic management.

Individualized therapy planning with adjustment of injected radio-
activity dose during peptide receptor radionuclide therapy (PRRT)
of NETs is necessary because of high interpatient variability in
healthy organ uptake (/8). It has also been demonstrated that the
tumor burden influences radiopharmaceutical distribution to healthy
organs; in particular, higher tumor burden decreased accumula-
tion of the radiopharmaceutical in the kidneys (/9). PET/CT with
68Ga-labeled somatostatin analogs may also become a valuable
tool to determine the time point for the start of PRRT in relation
to the termination of cold octreotide therapy in NET patients (20).

Refined and standardized protocols have been suggested be-
cause of the need for more accurate quantification, and their de-
velopment is the focus of current research. High accuracy of the
quantification is especially important for comparative studies of
tracers and therapy monitoring when changes in tracer accumu-
lation may be marginal and can be affected by several factors such
as acquisition parameters and scanning protocols, examination
time points, ongoing patient treatments, amount of the adminis-
tered active substance, and radioactivity. The aim of the present
work was to compare the performance of °3Ga-DOTATOC and
%8Ga-DOTATATE (Fig. 1) in the same patient under uniform con-
ditions and prolonged duration and to validate standardized uptake
value (SUV) as a semiquantitative marker of SSTR expression in
comparison with the net uptake rate (K;) determined by tracer
kinetic analysis.

MATERIALS AND METHODS

Patients

Ten patients with metastatic gastroenteropancreatic NETSs, con-
firmed by histopathology, underwent PET/CT examination after intra-
venous injection of 8Ga-DOTATOC (24 = 5 g, 87 = 16 MBq) or
68Ga-DOTATATE (29 = 5 pg, 92 = 18 MBq) on 2 sequential days.
The injected radioactivity was within the diagnostic reference level
limits recommended by directive 97/43/EURATOM of the Council of
the European Union (<200 MBq). The patients were divided into 2
groups of 5 to alter the sequence of administration of the agents.

Venous blood samples were collected at 5, 20, 45, 60, 120, and
180 min after injection for measurement of whole-blood and plasma
radioactivity concentrations. Urine was sampled as voided, and total
volumes and radioactivity concentrations were measured. Diuresis
was not forced.

The study was approved by the Swedish Medicinal Products
Agency (European Clinical Trials Database number 2011-001533-16)
and the local ethical committee (diarienummer 2010/300). All patients
gave signed informed consent.

Tracer Production and Quality Control

Good manufacturing practice—compliant production (2/) of the
tracers was accomplished within 1 h using a fractionation method (22)
with subsequent product purification (23).

Data Acquisition

The patients fasted for 4 h before the examination, which was con-
ducted on a Discovery ST16 PET/CT scanner (GE Healthcare) with
a 15.7-cm axial and 70-cm transaxial field of view. After a low-dose
CT scan for attenuation correction, a 45-min dynamic scan of the
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FIGURE 1. Structural formulas of $8Ga-DOTATOC and 68Ga-DOTATATE,
where TOC and TATE stand, respectively, for b-Phe-Cys-Tyr-b-Trp-Lys-
Thr-Cys-Thr(OH) and p-Phe-Cys-Tyr-b-Trp-Lys-Thr-Cys-Thr. Difference
in structure is highlighted with blue square.

abdomen was started simultaneously with the administration of %8Ga-
DOTATOC or °8Ga-DOTATATE. This scan was followed by 3 whole-
body examinations from the eye level to the proximal thighs at 60,
120, and 180 min after injection (3-, 4-, and 5-min acquisition per bed
position), each preceded by a low-dose CT scan. PET images were re-
constructed with normalization and attenuation-weighted ordered-subset
expectation maximization (2 iterations, 21 subsets) using the software
supplied with the scanner, applying all appropriate corrections for dead
time, randoms, scatter, coincidence, and detector normalization.

The last 25 min of the dynamic PET data were summed over time to
create average images that were used to semiautomatically outline
tumor volumes of interest over at most 3 lesions per patient at the 50%
isocontour level using software developed at VU University Medical
Centre, Amsterdam (24). Volumes of interest were then projected onto
each frame to create tumor time—activity curves. An arterial volume of
interest was defined by combining 2 X 2 pixel regions of interest in 10
consecutive image planes over the descending aorta in the image
frame on which the first pass of the injected bolus was best seen. This
volume of interest was projected onto each frame of the dynamic scan
to obtain an arterial time—activity curve. Tumor volumes of interest were
defined in a similar way on the 3 whole-body images. SUVs were
calculated by normalized radioactivity concentrations to injected radio-
activity per body weight. The total functional tumor volume was de-
termined using 41% isocontour level volumes of interest. Evaluation of
total SSTR volume (functional tumor volume multiplied by mean SUV
[SUV hean]) Was performed on an Advantage Workstation 4.2 using VCAR
(volume computer-assisted reading) software (GE Healthcare). SUV ¢, in
normal organs and tissues was determined by outlining circular regions
of interest that were drawn at least 1 cm from the outer edges of organs.

Qualitative assessment of the examinations was performed in con-
sensus by a nuclear medicine physician and a radiologist with 15-20 y
of PET experience. The whole-body PET/CT examinations were eval-
uated for each patient by creating a visibility score for every lesion
according to an arbitrary scale: 0, tumor not visualized but depicted at
another time point or with the other tracer; 1, suspected tumor; and 2,
definite tumor. The tumor-to-noise ratio in the examinations was also
compared visually for both tracers at each time point.

Ki
Plasma input functions were obtained by multiplication of the arte-
rial time—activity curve by the ratio of mean plasma to whole blood for
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FIGURE 2. Transaxial images of liver demonstrating cases of higher
detection rate for 68Ga-DOTATOC (A: patient 6 [Table 1], PET/CT fu-
sion); higher detection rate for 8Ga-DOTATATE (B: patient 8 [Table 1],
PET/CT fusion); and equal detection rate (C: patient 1 [Table 1], PET/CT
fusion). Whole-body scans were conducted at 1 h after injection. Arrows
point toward hepatic metastases.

the measured blood samples. The K; of %Ga-DOTATOC and %3Ga-
DOTATATE was determined both using nonlinear regression of an
irreversible 2-tissue-compartment model and using the Patlak method
(25), which is a linearization of this model. K; was calculated as the
slope of the linear portion of the Patlak plot, starting 15 min after

injection. The relations between K; for both tracers and between SUV
and K; for each tracer separately were calculated by Deming regression.

Statistics

The statistical significance of differences and correlations between
datasets were determined, respectively, by Wilcoxon matched-pairs test,
Spearman correlation, and Deming regression (P < 0.05; GraphPad
Prism software, version 5.00).

RESULTS

Patients

Demographics and clinical characteristics are given in Table 1.
The median age of the patients was 64 y (range, 44-75 y), and the
median duration from diagnosis was 15 mo (range, 2—72 mo). The
patients did not have any clinical adverse reactions or side effects
after the intravenous administration of either *®Ga-DOTATOC or
68Ga-DOTATATE.

Qualitative Evaluation of Lesions

One hundred one tumors were evaluated in 10 patients, and
each patient had 10.1 = 9.1 lesions (mean *= SD; range, 3-30).
The readers evaluated 4 pancreatic tumors, 62 liver metastases, 11
mesenteric metastases, 5 peritoneal metastases, 15 retroperitoneal
lymph node metastases, 3 mediastinal lymph node metastases, and
1 rib metastasis. The sum of visibility scores for the lesions at 1, 2,
and 3 h were 100, 104, and 103, respectively, for ®*Ga-DOTATOC
and 105, 107, and 101, respectively, for 3Ga-DOTATATE. At 1 h,
the score was higher for ®Ga-DOTATOC in 2 patients, higher for
68Ga-DOTATATE in 2 patients, and the same in 6 patients. The
corresponding numbers were 3, 3, 4 and 3, 2, 5 at 2 and 3 h, re-
spectively. The visibility score for all time points was higher for
68Ga-DOTATOC in 4 patients, higher for ®Ga-DOTATATE in 3
patients, and equal in 3 patients. The image quality in terms of
tumor-to-noise ratio was visually rated as similar for both tracers
in almost all patients and at all time points. Exceptions were pa-
tient 3, for whom %8Ga-DOTATOC showed a better tumor-to-noise
ratio at all 3 time points, and patients 4
and 6, for whom °8Ga-DOTATATE showed
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60+ 60+ 60+

40 40
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a better tumor-to-noise ratio at 2 and 3 h,
respectively.

In occasional patients, single liver me-
tastases were clearly visualized with one
tracer and not with the other (Fig. 2). Three
liver metastases in patient 6 and 1 liver
metastasis in each of patients 4 and 9 were
clearly depicted by %3Ga-DOTATATE but

100 120 0 20 40 60 8 100 120 0
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) ZIO 40 6’0 8’0
#8Ga-DOTATOC

1204 1204 1204
SUVpax 1h SUVpnax, 2h )
1004 1004 1004

80 80 804

60+ 60 604

40 404 404

%8Ga-DOTATATE

68
Ga-DOTATATE

%Ga-DOTATATE

204 204 204

0 0 0

SUVpnax 3h

4 60 80 100 120

$8Ga-DOTATOC not by %8Ga-DOTATOC. The reverse situ-

ation was found in patients 2 and 8, in
whom 1 liver metastasis each was visual-
ized with 98Ga-DOTATOC but not with
68Ga-DOTATATE. Only rarely were lesions
visualized inconsistently between time points.
In patient 7, 2 of the liver metastases were
visualized with both tracers at 3 h but were
not seen at 1 or 2 h. Similarly, a rib metas-

0 20 40 60 80 100 120 0 20 40 60 80 100 120 0
%8Ga-DOTATOC %Ga-DOTATOC

40 60 80 100 120

tasis in the same patient was depicted by
#8Ga-DOTATOC

both tracers at 2 and 3 h but was missed at

FIGURE 3. Correlation of tumor uptake (SUVyax and SUV ean) of 8Ga-DOTATATE and 68Ga-
DOTATOC, respectively, at 1-, 2-, and 3-h time points. Graphs show linear regression with 95%
confidence band and r? values of 0.8891, 0.9204, and 0.8991, respectively, for SUV,can and

0.8406, 0.8868, and 0.8443, respectively, for SUV yax-
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1 h. In patient 10, a retroperitoneal lymph
node metastasis with both tracers was missed
at 1 h and showed up at 2 h but was then
again not visible at 3 h.
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was higher for 8Ga-DOTATOC than for
68Ga-DOTATATE at 1 h (P = 0.002), 2 h
(P = 0.020), and 3 h (P = 0.004) (Fig. 4C).

Tracer Kinetic Analysis
Time-activity curves of kidneys, liver,
spleen, blood, and tumor for 195 min after

——
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injection are given in Figure 5. Blood clear-
ance was fast and almost identical for both

-

58Ga-DOTATOC

==
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tracers. Radioactivity in the blood decreased

FIGURE 4. Ratio of tumor uptake (SUVnax) over liver (A), spleen (B), and kidney (C) uptake
(SUV nean) for 68Ga-DOTATOC and %8Ga-DOTATATE at whole-body PET/CT examinations 1, 2,

and 3 h after tracer injection. Error bars indicate SEM.

The functional tumor volume and SSTR volume did not dem-
onstrate any significant difference between the agents at any time
point. Correlation of the uptake of %3Ga-DOTATOC and %%Ga-
DOTATATE was significant, with corresponding Spearman r values
of 0.89, 0.90, and 0.93 calculated for SUV .., and 0.93, 0.93, and
0.93 calculated for maximum SUV (SUV,,.,) at 1, 2, and 3 h, re-
spectively (Fig. 3).

Qualitative Evaluation of Normal Organs

There were marginal differences in tracer accumulation in normal
organs. In particular, higher uptake of *Ga-DOTATATE was found
in kidneys at 1, 2, and 3 h (P = 0.002, 0.020, and 0.004, respectively)
and in liver at 1 and 2 h (P = 0.037 and 0.020, respectively). %3Ga-
DOTATOC uptake was higher in the mediastinal blood pool at 1 h
(P = 0.018). No statistically significant difference was found in the
vertebral body (bone marrow) at any time point.

Tumor-to-Normal-Organ Ratio

Tumor-to-liver ratio was similar for ®Ga-DOTATOC and %3Ga-
DOTATATE at 1 and 2 h, whereas at the 3-h time point a margin-
ally higher ratio was found for the former (P = 0.037) (Fig. 4A).
For both tracers, this ratio was higher at 2 h than at 1 h (P = 0.006
and P = 0.020, respectively). Calculation of tumor-to-spleen ratios
was based on 9 patients because patient 2 had undergone splenec-
tomy. There was no statistically significant difference in tumor-
to-spleen ratio between °®Ga-DOTATOC and %3Ga-DOTATATE at
any time point, though for ®8Ga-DOTATOC the ratio was higher at
3 h than at 2 h (P = 0.044; Fig. 4B). The tumor-to-kidney ratio

to less than 5.3% and 4.7% of the peak level
for ®8Ga-DOTATATE and %Ga-DOTATOC,
respectively, within 45 min of the dynamic
scanning and to 2.2% and 2.0% at 195 min
after injection. The kinetics in kidney were similar in all patients.
Higher variation was observed in the other organs and lesions. After
50 min, the accumulation in all organs plateaued. The tumor accumu-
lation for each patient was represented by the lesion with the highest
radioactivity uptake. %Ga-DOTATOC tumor uptake in all patients ex-
cept one continually increased over time, whereas for Ga-DOTATATE
the uptake in 2 patients’ tumors had decreased at 2 h and then again had
increased at the 3-h examination. For 1 patient, the tumor uptake of
68Ga-DOTATATE increased from 1 to 2 h and then decreased at the 3-h
examination. No statistically significant difference was found in the
tumor uptake of %Ga-DOTATOC and °3Ga-DOTATATE at any
time point (Fig. 6). For ®8Ga-DOTATOC, the tumor SUV,,,, and
SUV nean Were higher at 2 h than at 1 h (P = 0.002 and 0.002),
higher at 3 h than at 1 h (P = 0.002 and 0.002), and higher at 3 h
than at 2 h (P = 0.014 and 0.018). The tumor SUV,,,« for °8Ga-
DOTATATE was higher at 3 h than at 1 h (P = 0.020), but there
was no statistically significant difference in SUV ., at any time
point. After each PET examination, the patients were asked to void
the bladder, and urine was collected. During the first 4 h after
injection, 15.6% (SD, 9.2) of 98Ga-DOTATOC and 11.9%
(SD 4.1) of °8Ga-DOTATATE was excreted into the urine.

K;

K; based on Patlak analysis correlated well with K; based on
compartment modeling for both tracers (Spearman r = 0.89 and
0.95 for %8Ga-DOTATOC and °8Ga-DOTATATE, respectively).
K; values based on Patlak analysis, which is the simpler of the
methods, were used in the remainder of this work. The relation

between SUV and K; was not linear; instead,

8 % 8 &
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Tumor, SUVpgan

2

o

50 100 150

SUVs no longer increased for K; values
larger than 0.2 mL/cm3/min (Figs. 7A and
7B). However, there was a good correlation
between the K; values for ®®Ga-DOTATOC
and %*Ga-DOTATATE (Fig. 7C). The use of
SUV normalized for lean body mass instead
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PO < e of body weight did not alter this relationship.

me after injection (min)
DISCUSSION

Intrapatient evaluation and comparison
of the performance of 43Ga-DOTATOC and
68Ga-DOTATATE was done under stan-
dardized conditions with the aim of assess-
ing the preference of one or the other for
imaging and patient selection in the con-

FIGURE 5. Accumulation of 88Ga-DOTATOC and 68Ga-DOTATATE in tumor and healthy organs
(kidney, liver, and spleen), as well as blood clearance as function of time. SUV ean is mean of all

patients. Data are mean = SEM.
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text of PRRT with !77Lu-DOTATATE.
Quantitative and qualitative analyses of
uptake kinetics, detection rate, image
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FIGURE 6. Tumor uptake (SUVmean and SUV ,,a) at whole-body PET/CT
examination with 68Ga-DOTATOC (TOC) and 68Ga-DOTATATE (TATE) 1,
2, and 3 h after tracer injection presented as mean with SEM. Each
patient is represented by tumor with highest tracer uptake.

contrast, noise, and tumor and normal-tissue accumulation were
performed.

The influence of peptide sequence, size and number of peptide
rings, pharmacokinetic modifiers, chelator moiety, and radiometal
type on the biologic properties of somatostatin analogs has been dem-
onstrated by basic research (/5). Hence, a 10-fold higher affinity
for SSTR subtype 2 has been demonstrated for 4¥Ga-DOTATATE
than for ®®Ga-DOTATOC in vitro in transfected cell cultures (26).
Nevertheless, no statistically significant difference in the uptake of
68Ga-DOTATOC and %®Ga-DOTATATE in SSTR-expressing monkey
brain tissue sections in vitro or in rat organs such as adrenal, pan-
creas, and pituitary gland in vivo could be observed (23). More-
over, a clinical study involving 40 patients did not verify the 10-fold
higher affinity for SSTR subtype 2 of %¥Ga-DOTATATE; on the
contrary, SUV .., of ®*Ga-DOTATOC tended to be higher (27). The
variation of the preference of one peptide analog over the other can
be seen in clinical investigations using '''In (28) and '7"Lu (29). In one
study, ''In-DOTATOC and '''In-DOTATATE were used as surrogate
agents for °°Y and ”’Lu-comprising analogs (28). The authors justified
the preferableness of the DOTATOC-based agent for radiotherapy
with °°Y. In contrast, a direct comparison of '7’Lu-DOTATOC and

177Lu-DOTATATE favored the latter (29). Furthermore, a potential
advantage was found for 8Ga-DOTATOC over %3Ga-DOTATATE
in terms of detection rate and uptake degree (27). One plausible
explanation for such a variation could be that even though SSTR
subtypes 1 and 5 are the two most commonly expressed in NETs
(26), the extensive difference in the subtype profile and population
may diminish the alteration in apparent uptake. In our study, there
was no unambiguous advantage of one agent over the other in
terms of detection rate. The lesion visibility score for all time points
was similar, although occasional lesions were better depicted with
68Ga-DOTATOC than with 8Ga-DOTATATE and vice versa. Quan-
titative differences in the normal-tissue uptake of either tracer
were small. These differences might still be explained by the pre-
ferential binding to certain receptor subtypes with variable phys-
iologic expression and did not affect the qualitative assessment of
tumor visibility. °8Ga-DOTATOC had slightly higher uptake in the
mediastinal blood pool than did 8Ga-DOTATATE, whereas blood
radioactivity measured in the well-counter was not different. The
reason is unclear but may be related to a slightly higher binding of
68Ga-DOTATOC to endothelial surfaces.

Another possible reason for such variation in historical com-
parison could be the nonstandardized examination conditions, with
variability in the administered dose of the peptide, scan duration,
and interval between the examinations, as well as occasional use
of contrast enhancement in PET/CT scans. In our study, we pro-
vided strictly standardized conditions such as a uniform time be-
tween the examinations with ®¥Ga-DOTATOC and ®3Ga-DOTATATE,
a uniform amount of injected radioactivity and peptide, and an
identical scanning protocol for dynamic and static acquisitions for
a prolonged period of 3.25 h. The amount of administered peptide
in the present work was in the range (20-50 pwg) of what was pre-
viously shown to result in higher tumor uptake and lower normal-
organ accumulation (30). Varying tumor load expressing SSTRs of
different concentrations acts as a sink, or compartment, and decreases
the exposure of normal organs to the agent. The phenomenon has
been observed for liver and spleen using *Ga-DOTATOC (30) and
for kidneys using ®Ga-DOTATATE (/9). In addition, in our study,
tumor accumulation after 1 h after injection did not increase for
68Ga-DOTATATE but increased marginally for °*Ga-DOTATOC.
For clinical routine, diagnostic imaging at 1 h after injection might
therefore be the optimal time point.

PET/CT generally uses semiquantitative SUV (3/-33) as a mea-
surement for patient selection, staging, and prognostic consider-
ations. However, the above-mentioned discrepancies indicate that
more accurate quantification methods are required for estimation
of lesser differences expected during follow-up of therapeutic out-
come, discrimination of pathologic from physiologic uptake, and

inter- and intrapatient comparison of the

various imaging agents. Tumor-to-spleen SUV
ratio was found to be more accurate than
SUV hax in the quantification of the response
to PRRT by ®8Ga-DOTATOC PET/CT (32).
However, our results showed that the varia-
tion in tumor-to-spleen SUV was determined
by the increasing tumor accumulation whereas
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spleen uptake remained virtually constant
during the course of the examinations. Tracer

FIGURE 7. SUV is presented as function of K; in tumors for 8Ga-DOTATOC (A) and %8Ga-DOTATATE
(B). Solid lines are hyperbolic fits and are for visualization purposes only. Correlation is shown between
K; at 1 h after injection for 88Ga-DOTATOC and $8Ga-DOTATATE (C). Solid line is Deming regression
with slope 1.06 and intercept 0.0. Axes are split to clarify relationship at low K; values.
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kinetic parameters, rather than SUV, might
reflect the receptor density more accurately
by contributing the additional dimensions of
time and accumulation rate. Binding of the
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agents to the SSTRs can be considered irreversible since the radio-
activity is trapped inside the cells. Thus, the steady-state K; may better
reflect the receptor concentration. The absence of linear correlation
between SUV and K; (Figs. 7A and 7B) indicates that SUV does not
reflect receptor density correctly for tumors with high receptor expres-
sion and may lead to underestimation of the receptor expression. The
reason for this phenomenon is probably that the availability of the
peptide in plasma is the limiting factor for uptake of tracer in patients
who have a large tumor burden with high SSTR expression. Another
explanation could be that the plateau value corresponds to receptor
saturation before receptor recycling to the cell surface. Our finding
might at least partly explain why %Ga-DOTATOC PET/CT monitoring
of PRRT response using changes in tumor SUV between baseline and
follow-up was not trivial and did not correlate to the therapy outcome
(34). The use of K; might provide a more accurate measurement tool
for evaluation of therapy response. Further systematic investigation
is warranted in larger patient cohorts to explore the full potential and
to prove the practical value of the methodology for patient care.

CONCLUSION

No statistically significant difference could be found in tumor
uptake of ®®Ga-DOTATOC and 3Ga-DOTATATE in terms of either
SUV or K. Thus, both tracers can be used equally well for staging
and patient selection for PRRT in NETs with !77Lu-DOTATATE.
However, the slight difference in healthy-organ distribution and
excretion may render °®Ga-DOTATATE preferable for PRRT plan-
ning. SUV did not correlate linearly with K; and thus does not seem
to reflect SSTR density accurately at higher values, suggesting that
K; is the outcome measure of choice for quantification of SSTR
density and assessment of treatment outcome.
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