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68Ga-labeled 1,4,7,10-tetraazacyclododecane-N,N9,N99,N999-
tetraacetic acid-D-Phe1-Tyr3-octreotide (DOTA-TOC) PET has
proven its usefulness in the diagnosis of patients with neuroen-
docrine tumors. Radionuclide therapy (90Y-DOTA-TOC or
177Lu-DOTA-octreotate) is a choice of treatment that also re-
quires an accurate diagnostic modality for early evaluation of
treatment response. Our study compared 68Ga-DOTA-TOC
PET with CT or MRI using the Response Evaluation Criteria in
Solid Tumors. Furthermore, standardized uptake values (SUVs)
were calculated and compared with treatment outcome.
Methods: Forty-six patients (29 men, 17 women; age range,
34–84 y) with advanced neuroendocrine tumors were investi-
gated before and after 2–7 cycles of radionuclide therapy.
Long-acting somatostatin analogs were not applied for at least
6 wk preceding the follow-up. Data were acquired with a dedi-
cated PET scanner. Emission image sets were acquired at
90–100 min after injection. 68Ga-DOTA-TOC PET images were
visually interpreted by 2 experienced nuclear medicine physi-
cians. For comparison, multislice helical CT scans and 1.5-T
MRI scans were obtained. Attenuation-corrected PET images
were used to determine SUVs. Repeated CT evaluation and other
imaging modalities, for example, 18F-FDG, were used as the ref-
erence standard. Results: According to the reference standard,
68Ga-DOTA-TOC PET and CT showed a concordant result in 32
patients (70%). In the remaining 14 patients (30%), discrep-
ancies were observed, with a final outcome of progressive
disease in 9 patients and remission in 5 patients. 68Ga-DOTA-
TOC PET was correct in 10 patients (21.7%), including 5 patients
with progressive disease. In these patients, metastatic spread
was detected with the follow-up whole-body PET but was
missed when concomitant CT was used. On the other hand,
CT confirmed small pulmonary metastases not detected on
68Ga-DOTA-TOC in 1 patient and progressive liver disease not
detected on 68Ga-DOTA-TOC in 3 patients. Quantitative SUV
analysis of individual tumor lesions showed a large range of var-
iability. Conclusion: 68Ga-DOTA-TOC PET shows no advantage
over conventional anatomic imaging for assessing response to
therapy when all CT information obtained during follow-up is
compared. Only the development of new metastases during

therapy was detected earlier in some cases when whole-body
PET was used. SUV analysis of individual lesions is of no addi-
tional value in predicting individual responses to therapy.
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Peptide-related radionuclide therapy (PRRT) is a new
therapeutic procedure for patients with somatostatin re-
ceptor (SSTR)–positive tumors in advanced stages (1,2).
This technique is based on the ability of tumor cells to
overexpress SSTR, which can be targeted with radiolabeled
analogs. Initial evaluation shows not only that a marked
morphologic and biochemical response to therapy is ob-
served but also that quality of life can be improved in many
patients (3).

SSTR-positive neuroendocrine tumors (NET) originated
in the gastrointestinal tract and the lung in most cases (4,5).
However, various other non-NET cancers, for example,
sarcomas (6), can also show a high level of uptake on SSTR
scintigraphy, as is a prerequisite for effective treatment. If
patients have access to PRRT, therapy response is superior
to that with the current treatment scheme for NET (7).

A recent study on 84 patients showed that 68Ga-labeled
1,4,7,10-tetraazacyclododecane-N,N9,N99,N999-tetraacetic
acid-D-Phe1-Tyr3-octreotide (DOTA-TOC) PET is useful in
the diagnosis of NET, showing greater efficacy than that
obtained with conventional scintigraphy and diagnostic CT
alone (8). Furthermore, some of these patients were suc-
cessfully selected to receive PRRT on the basis of signif-
icant tracer uptake. Patients were selected for treatment
with 90Y-DOTA-TOC or 177Lu-DOTA-octreotate (DOTA-
TATE) according to individual lesion size (9).

In clinical routine, radiologic imaging techniques are
well established for the evaluation of response after ther-
apy. For solid tumors, assessment of therapy response is
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based on the Response Evaluation Criteria in Solid Tumors
(RECIST), which define response as a 30% decrease in the
largest diameter of the tumor (10). RECIST criteria do not
seem to be the best choice for evaluating therapy response
in NET. However, several guidelines recommend the use of
CT and MRI for initial diagnosis and follow-up of these
tumors (11).

These tumors are generally rather heterogeneous in terms
of pathologic differentiation and biologic behavior, as is
also expressed by varying values on the proliferation index.
Besides the variety of tumor characteristics, the different
pharmacologic and physical properties of the radiophar-
maceuticals used should also be considered when one is
evaluating therapy response. Internal radiation therapy in-
duces damage to tumor cells during a longer period because
of the high-energy b-emitter 90Y or the medium-energy
b-emitter 177Lu. Consequently, some degree of necrosis
will continuously accumulate, and on subsequent exami-
nation the presence of necrotic and fibrotic tissue may
cause the size of lesions to appear unchanged. This problem
requires new response-evaluation techniques.

The aim of this study was to evaluate the usefulness of
visual evaluation of therapy-induced changes in tumor
uptake for early prediction of tumor response using
68Ga-DOTA-TOC PET. For visual interpretation during
follow-up, 68Ga-DOTA-TOC was compared with diagnos-
tic CT and MRI. Moreover, a quantitative analysis of the
baseline and posttherapy 68Ga-DOTA-TOC PET scans was
performed, because an increased standardized uptake value
(SUV) at baseline has been shown to be associated with
increased receptor binding, indicating a favorable thera-
peutic effect (12).

MATERIALS AND METHODS

From August 2004 to December 2006, a total of 46 consecutive
patients (29 men, 17 women; age range, 34–84 y; mean age 6 SD,
59.2 6 11.7 y) with advanced tumors having enhanced SSTR
expression were included in this investigation.

The tumors originated in neuroendocrine tissue of the gastroin-
testinal tract in 41 patients. In addition, 3 patients with a carcinoid
tumor of the lung, 1 patient with a glomus tumor, and 1 patient with a
dendritic reticulum cell sarcoma with metastases in the regional
lymph nodes were included. The patients were scanned before
radionuclide therapy and after 2–7 cycles thereof. Restaging was
done within a range of 34–120 d (mean, 77 d; SD, 23.8 d) from the
last therapy cycle. Long-acting somatostatin analogs were not
administered for at least 6 wk before the follow-up PET scan.

Various therapeutic procedures were performed before inclu-
sion in the study. Most of the patients were treated surgically (n 5

42). Thirty-five patients received additional drug therapy after
surgery and before inclusion in the study; 9 patients received
chemotherapy, and 26 received long-acting somatostatin analogs
alone or in combination with interferon-a. Seven patients were
treated with surgery alone, and 4 patients who had advanced
disease at initial staging were treated with chemotherapy alone.

Twenty-four patients were consecutively treated with 90Y-DOTA-
TOC, 19 with 177Lu-DOTA-TATE, and 3 with both compounds.

Uptake on the pretherapy 68Ga-DOTA-TOC PET scans was scored
visually. Inclusion in this study required a higher uptake in the
tumor than in normal liver tissue. Details of patient characteristics
are shown in Supplemental Table 1 (supplemental materials are
available online only at http://jnm.snmjournals.org).

Written informed consent was obtained from all patients before
they were enrolled in the study, and repeated administration of
68Ga-DOTA-TOC PETwas approved by the local ethics committee.

PET Tracer Preparation, Data Acquisition,
and Processing

68Ga-DOTA-TOC was prepared using a fully automated
method for preparation of 68Ga-labeled peptides as described by
Decristoforo et al. (13).

Patient imaging and image reconstruction were performed on a
dedicated PET scanner (Advance; GE Healthcare) as described
previously (8), with acquisition 90–100 min after injection of
100–150 MBq. The acquisition time was chosen on the basis of
SUV calculations from serial imaging (8).

Attenuation-corrected 68Ga-DOTA-TOC PET images were
used to determine SUV. Irregular isocontour regions of interest
were drawn over the target lesion at 50% of maximum pixel value
within the tumor. The individual patient’s region of interest was
placed in the same target lesion on the pre- and posttherapy 68Ga-
DOTA-TOC PET scans for quantitative intrapatient comparison.
SUV was calculated using the maximum activity values in the
region of interest normalized for the injected dose and patient
body weight.

CT and MRI
For comparison, 2.5-mm helical CT was performed on a

HiSpeed CT/i Advantage scanner (GE Healthcare). Typically,
approximately 150 mL (2 mL/kg of body weight) of Visipaque
320 contrast medium (GE Healthcare) were administered. MRI
was performed on a 1.5-T whole-body scanner (Magneton Vision;
Siemens Medical Systems) using a phased-array surface coil.
T1- and T2-weighted spin-echo images were obtained with and
without fat suppression.

Evaluation Protocol
All patients underwent CT before and at the end of the study;

these scans were obtained in parallel with 68Ga-DOTA-TOC PET
scans according to the study protocol, as shown in Figure 1.

Diagnostic CT and, if indicated, MRI and whole-body 68Ga-
DOTA-TOC PET were performed within the 3 wk preceding
initial therapy for baseline evaluation. The interval between 68Ga-
DOTA-TOC PET and CT ranged from 2 to 5 d. Patients received
radionuclide therapy according to our protocol, as described else-
where (9).

After the last therapy cycle, each patient underwent follow-up
with 68Ga-DOTA-TOC PET and CT of the neck, chest, and ab-
domen. In 1 patient with a dendritic reticulum sarcoma, an MRI
scan of the head and neck was available.

Reference Standard
Validation of findings was based on repeated CT of the chest

and abdomen at 3- to 6-mo intervals during the first year after
initial restaging with 68Ga-DOTA-TOC PET and concomitant CT.

Besides the course of disease as assessed by repeated CT, in
some cases complementary imaging modalities such as lesion-
guided MRI, 18F-fluoride and 18F-FDG PET, endoscopy, and
ultrasonography were also used for earlier evaluation of the
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outcome of radionuclide therapy, especially when unexpected
68Ga-DOTA-TOC PET findings were of clinical relevance.

Interpretation and Data Analysis
68Ga-DOTA-TOC PET data were independently interpreted by

2 experienced nuclear medicine specialists. For the visual re-
sponse assessment, the baseline and follow-up 68Ga-DOTA-TOC
PET data were compared side by side by the 2 specialists. If their
findings were discordant, a third reader was consulted, who acted
as referee. All readers were aware of the patient’s clinical history
but were unaware of any result of other imaging modalities.

Typically, axial, coronal, and sagittal images and maximum-
intensity-projection images for review in the 3-dimensional cine
mode were available.

68Ga-DOTA-TOC PET images were analyzed for the presence
of focal lesions with increased tracer uptake. Lesions were in-
terpreted as metastases if their uptake was greater than uptake in
the surrounding background tissue and if, thus, a focal lesion was
clearly depicted.

The longest diameter of the index lesion at various sites on the
68Ga-DOTA-TOC PET scans was used to measure the course of
disease. According to RECIST criteria, only measurable lesions
(i.e., those that can be accurately measured in at least 1 dimension)
10 mm or more in longest dimension were target lesions in this
study. The regions of interest for the PET images were assigned by
the second author for determination of diameter and SUV.

The size of 68Ga-DOTA-TOC PET lesions was determined by
semiquantitative assessment. First, the maximal SUV of the lesion
was determined. Then, a threshold of half the maximum was
applied to the display, and the portion of the lesion above the
threshold was measured as the lesion size. A size decrease of more
than 30% in the largest lesion and disappearance of preexisting
measurable lesions at various other sites, without the appearance
of any new abnormal findings, was deemed disease regression.
When the pretherapy and posttherapy 68Ga-DOTA-TOC PET
scans were compared, an increase of more than 20% in the
longest diameter of a lesion after completion of therapy was
deemed disease progression. A finding of new lesions on the
whole-body 68Ga-DOTA-TOC PET scan after therapy was con-
sidered to indicate progressive disease regardless of any changes
in the size of the index lesion. In all other cases, no significant
change was assumed, that is, stable disease.

CT and, if necessary, MRI scans were interpreted by experi-
enced radiologists who had no knowledge of the scintigraphy
results or of clinical data. They compared the CT findings before
and after therapy side by side. In the case of interobserver dif-
ferences, a third reader was also consulted, who acted as referee.
The PET readers did not also read the CT scans.

RECIST was used for CT and MRI in determining radiographic
tumor response to treatment (10,11).

The 68Ga-DOTA-TOC PET and CT findings were categorized
as response to therapy, stable disease, or progressive disease.
Complete response, minor response (i.e., tumor shrinkage of
,30%), and partial response were combined to form a single
category after posttherapy CT evaluation.

After a masked and independent evaluation of the 68Ga-DOTA-
TOC PET and CT data, the results were consecutively compared
and classified as matching or mismatching. A definitive decision
on the success of therapy was based on the reference standard, as
previously mentioned.

Additionally, SUV or relative changes in SUV were analyzed
for the target lesion on 68Ga-DOTA-TOC PET, which was most
visible and easy to define. Quantitative analysis was performed
without knowledge of the outcome of the visual PET evaluation.
For assessment of SUV efficacy, individual quantitative data were
assigned to clinical outcome, as assessed with the reference standard.

Statistical Analysis
The McNemar test of correlated properties was used to statis-

tically compare the imaging results for 68Ga-DOTA-TOC PET and
corresponding CT on a patient-by-patient basis. Cohen’s k with
confidence intervals of 95% was used to demonstrate the degree of
association. The x2 test for independence was used to evaluate
differences in subgroups when patients treated with 177Lu-DOTA-
TATE were compared with those treated with 90Y-DOTA-TOC.

All quantitative data are presented as mean 6 SD. The
difference in SUV on the pretherapy scans between clinical
responders, patients with stable disease, and nonresponders was
tested with the Mann–Whitney U test, which was also used to
assess statistical differences in terms of percentage change during
therapy. Percentage change was calculated from SUV before and
SUV after as follows: (SUV before – SUV after) · 100/SUV
before. For paired comparisons of patients (e.g., before and after
PRRT), the Wilcoxon signed-rank test was used. All tests were
2-sided and performed at the 5% level of significance.

RESULTS

The follow-up period after PRRT ranged from 57 to 556
d (mean, 337 d). During the follow-up period, 12 patients
died. Seven patients died from tumor disease (patients 7, 9,
14, 17, 20, 30, and 40). One 84-y-old patient (patient 2)
died from severe impairment of renal function. Further-
more, patient 6 died from acute myeloblastic leukemia,
patient 16 from cerebral hemorrhage, patient 28 from
pneumonia, and patient 29 from a grand mal seizure.

According to the reference standard, 14 (30%) of the 46
patients had a documented remission, including 4 (9%)
patients with a minor response, 9 (20%) with a partial
response, and 1 (2%) with a complete response. In this

FIGURE 1. Schedule of PRRT evalua-
tion study performed with CT and 68Ga-
DOTA-TOC. Head-to-head analysis of
PET and CT was based on comparison
of initial scan with posttherapy scan.
Final verification was obtained with ref-
erence standard.
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patient (patient 31), multiple small liver metastases of a
carcinoid tumor of the rectum completely disappeared after 4
cycles of 177Lu-DOTA-TATE. Twenty-two patients (48%)
showed stable disease, and 10 patients (22%) progressive
disease.

Progressive disease was documented at various sites:
bone (patients 6 and 14), liver (patients 7, 9, and 17), lung
(patient 11), bone and liver (patients 20, 30, and 40), and
bone and lung (patient 25). Mixed responses were not
observed during follow-up using radiologic criteria for CT
evaluation. However, morphologic signs of necrosis in
index lesions were frequently found in liver metastases
during CT follow-up.

Head-to-Head Comparison of 68Ga-DOTA-TOC PET
and Concomitant Diagnostic CT

According to the applied response criteria as described in
the ‘‘Materials and Methods,’’ a concordant result between
68Ga-DOTA-TOC PET and early CT reevaluation was
observed in 32 patients (70%), including 1 patient with
progression, 22 (48%) with stable disease, and 9 (19%)
with remission. All these conclusive results turned out to be
correct. The remaining 14 patients (30%) showed discrep-
ancies, including 9 patients (19%) with progressive disease
and 5 (11%) with remission to therapy. Here, 68Ga-DOTA-
TOC PETwas superior to CT in 10 patients (22%), including
5 with progressive disease; that is, patients 6 and 20 showed
additional bone metastases, as seen in Figure 2. In patients 7
and 14, additional liver metastases were observed on the
follow-up scan, and in patient 40 with a NET of the pancreas
(vasoactive intestinal polypeptide-secreting tumor), addi-
tional liver and bone metastases were observed on the
follow-up scan. In 5 patients, PET demonstrated only re-
sponse to therapy, as shown in Figure 3, including 4 patients
with a partial response (patients 8, 15, 16, and 19) and
1 patient with a minor response (patient 28).

By contrast, diagnostic CT was superior to 68Ga-DOTA-
TOC PET in 4 patients (patients 9, 11, 17, and 30), all of
whom showed progressive disease. In patient 11, small
pulmonary metastases not detected with 68Ga-DOTA-TOC
developed, whereas the other 3 patients (patients 9, 17, and
30) showed a decrease in tracer uptake at tumor sites in the
liver during therapy because of an advanced dedifferenti-
ation process but enhanced 18F-FDG accumulation, reveal-
ing a flip-flop phenomenon (14). These 3 patients died from
tumor progression within 1 y after restaging.

When the diagnostic efficacy of 68Ga-DOTA-TOC PET
and CT was compared at early finalization of PRRT, 68Ga-
DOTA-TOC showed higher diagnostic efficacy than did CT
according to visual response criteria. However, the differ-
ence was not statistically significant on the McNemar test
(P 5 0.27). Cohen’s k of 0.47 demonstrated moderate
agreement between the 2 modalities.

When subgroups of patients treated with either 177Lu-
DOTA-TATE (n 5 20) or 90Y-DOTA-TOC (n 5 23) were
compared, no statistically significant difference was ob-
served (P 5 0.78) with regard to the efficacy of 68Ga-
DOTA-TOC for assessing PRRT.

Use of Lesion Diameter to Predict Therapy Response
with 68Ga-DOTA-TOC

In 16 patients, individual target lesions disappeared or
decreased significantly in size, indicating remission to
therapy. In addition to those 14 patients who were later
confirmed as responders to therapy, a significant decrease
of the index lesion on the 68Ga-DOTA-TOC PET scan was
also found in 2 patients with progressive disease (patients 7
and 9). However, most patients showed no significant
change in the index lesion. More details on changes in
lesion diameter and correlation with long-term outcome are
given in Table 1.

FIGURE 2. A 59-y-old man with mul-
tiple liver metastases of gastrinoma as
shown in pretreatment scan (A). Be-
cause uptake in these large lesions was
high, patient was given 4 cycles of
90Y-DOTA-TOC. However, follow-up
scan additionally showed multiple
small bone metastases (B) not detected
by CT, which were confirmed by 18F-
fluoride PET (C).
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Because the study protocol required masked analysis of
each modality, different target lesions were frequently
selected for PET and CT evaluation. Considering the
widespread metastatic disease in most of the study popu-
lation, head-to-head correlation of anatomic and PET-based
size parameters of index lesions was possible for only 2
patients (patients 21 and 29) with a large solitary target
lesion in the neck. One of these 2 patients had a glomus
tumor (patient 21), and the other had a dendritic reticulum
cell sarcoma (patient 29), with neither CT nor PET showing
a change in size after therapy.

Whole-Body PET Evaluation with 68Ga-DOTA-TOC

On the 68Ga-DOTA-TOC whole-body PET scan, meta-
static spread of tumor lesions was observed in 6 (13%) of

46 patients after finalization of PRRT, which was also
confirmed by the reference standard. In 5 patients (patients
6, 7, 14, 20, and 40), as already mentioned, abnormal findings
were observed on 68Ga-DOTA-TOC PET but were missed on
the corresponding CT performed at the same time.

Quantitative Evaluation of 68Ga-DOTA-TOC
and Correlation with Response to PRRT

One patient (patient 34) was excluded from SUV calcu-
lation because of defective transmission data in the follow-up
scan. SUV for the initial PET scan ranged from 6.4 in patient
38, showing stable disease after therapy, to 267 in patient 45,
who was referred for treatment of a small-bowel carcinoid.
This patient showed a minor response after therapy.

Concerning evaluation of the baseline 68Ga-DOTA-TOC
PET scan, no significant difference in tumor SUV was
observed between patients subsequently defined as re-
sponders to therapy and patients showing progressive dis-
ease after finalization of therapy (P 5 0.12). However, a
significant difference in SUV was indeed observed when
responders were compared with patients with stable disease
(P 5 0.031) or with the total number of patients with stable
disease or progressive disease (P 5 0.028).

The relative decrease in 68Ga-DOTA-TOC uptake during
therapy, that is, the change from the pre- to posttherapy
scans, was also markedly higher for patients showing a
response to therapy (238% 6 40% in responders) than for
patients with stable disease (23.1% 6 42% in stable
disease; P 5 0.031) or nonresponders (25.4% 6 46% in
nonresponders; P 5 0.12). However, Figure 4 shows
considerable mean variation and overlap in the relationship
between clinical response and changes in 68Ga-DOTA-TOC
parameters, as can also be found in Table 2 using a cutoff
level of 620%.

In addition to the cluster-specific SUV evaluation, further
intrapatient analysis was performed to show a possible
relationship between clinical response, as assessed by the
reference standard, and the individual changes in 68Ga-
DOTA-TOC uptake as a surrogate marker of SSTR expres-
sion. However, this analysis shows that the intraindividual
quantitative parameters changed rather randomly, as shown
in Figure 5.

DISCUSSION

PRRT can be considered for patients with inoperable
metastatic disease and positive SSTR findings. Although
several studies have shown promising overall results,

TABLE 1. Correlation of Diameter of Index Lesion on 68Ga-DOTA-TOC PET and Long-Term Outcome

Results in terms of lesion size Remission (n 5 14) Stable disease (n 5 22) Progressive disease (n 5 10)

Increase ($20%) 0 0 0

No significant change 0 22 8

Decrease (.30%) 14 0 2

Data are number of patients. Remission, stable disease, and progressive disease were as assessed according to reference standard.

FIGURE 3. A 55-y-old woman with multiple small liver
metastases (A). After surgical resection of primary tumor in
pancreatic head, 4 cycles of 177Lu-DOTA-TATE were applied.
Excellent treatment response was observed in 68Ga-DOTA-
TOC PET scan (B). However, corresponding CT scans initially
showed no remarkable change in liver lesions (C and D).
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reported antitumor effects vary considerably in the litera-
ture (2,15–19). Besides standardization of the therapy
protocol, adequate methods for assessing therapy response
are required.

To our knowledge, this was the first study to describe the
value of 68Ga-DOTA-TOC PET for assessing radionuclide
therapy in patients with SSTR-positive tumors. In our
setting, 68Ga-DOTA-TOC PET was used not only as a
baseline scan for therapy selection but also as a follow-up
scan for patients after therapy.

Overall Efficacy of 68Ga-DOTA-TOC PET Using
RECIST Criteria

Although 68Ga-DOTA-TOC PET showed results concor-
dant with the reference standard in 42 (91%) of 46 patients,
false results were obtained in 4 patients, including 1 woman
in whom small pulmonary metastases developed during ther-
apy. Small pulmonary lesions can escape detection by nuclear
medicine techniques because of their limited spatial resolution
as compared with anatomically oriented methods (20). There-
fore, contrast-enhanced multislice CT can be considered an
essential imaging method for the evaluation of NET (21).

CT was also useful in 3 other patients showing discrepant
findings for 68Ga-DOTA-TOC PET and CT. In these
patients, the change of the target lesion did not indicate
progressive disease, nor were any further tumor lesions
identified by whole-body PET, whereas diagnostic CT
clearly showed progressive disease in the form of extensive
liver involvement. Solitary liver lesions even lost their
receptor binding ability for 68Ga-DOTA-TOC. Because 18F-

FDG PET showed enhanced uptake in these 68Ga-DOTA-
TOC–negative lesions, further tumor dedifferentiation was
assumed (22,23), as shown in Figure 6. Although 18F-FDG
PET is normally of limited value in evaluating well-
differentiated NET, in these 3 patients it provided further
information on outcome. All patients with 18F-FDG PET–
positive/68Ga-DOTA-TOC–negative findings died from tu-
mor progression within several months. Whether 18F-FDG
also has a prognostic value in view of this fact remains to be
further clarified.

Despite correct findings in patients showing a response to
therapy, the fact that no significant size change was found
in most patients indicates that evaluation of individual
lesions on 68Ga-DOTA-TOC PET is a poor predictor of
progressive disease. A decrease in the diameter of the index
lesion was observed even in 2 patients with progressive
disease. New, unexpected distant metastases were identified
on posttherapy whole-body PET in 1 of these patients. These
contradictory findings lead us to conclude that lesion-based
analysis cannot be recommended as a means of predicting
individual therapy response.

On the other hand, 68Ga-DOTA-TOC was found to be a
useful complement to morphologically oriented methods
for the early assessment of progressive disease after final-
izing PRRT, namely in that it detects new, still undiscov-
ered lesions on whole-body PET. In 5 patients, progressive
disease was depicted even somewhat earlier than with other
methods. In particular, PET has proven to be a sensitive
means of detecting new bone lesions and might even have
value for further clinical management (24).

FIGURE 4. Comparison of SUV and
changes according to objective re-
sponse criteria. (A) Differences in 68Ga-
DOTA-TOC uptake (SUVbw,max) on first
PET scan are shown for responders,
patients with stable disease, and non-
responders. Box plots show range from
first to third quartiles as box, median as
horizontal line, and mean as x. Whiskers
denote minimum data range or 1.5
interquartile ranges. Outliers are de-
noted by stars. (B) Change in uptake at
tumor sites (maximal SUV) is expressed as ratio of pretreatment to posttreatment scans according to treatment outcome.
Progr. 5 progressive disease; resp. 5 responder to therapy; stab. 5 stable disease; SUVbw,max 5 maximal SUV normalized for
body weight.

TABLE 2. Correlation of Maximal SUV of Index Lesion on 68Ga-DOTA-TOC PET and Long-Term Outcome

Results in terms of DSUV Remission (n 5 13) Stable disease (n 5 22) Progressive disease (n 5 10)

Increase ($20%) 1 7 2

No significant change (,20%) 4 7 5

Decrease ($20%) 8 8 3

Data are number of patients. Remission, stable disease, and progressive disease were as assessed according to reference standard.
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Quantitative 68Ga-DOTA-TOC PET Analysis

A masked analysis of data was also conducted to calcu-
late the SUV of individual target lesions. This cohort of
patients showed a large range of intra- and interpatient SUV
variability. According to our protocol, SUV was calculated
for one and the same lesion in each patient. This analysis
showed SUV to change rather randomly, so that no clear
cutoff trend was evident and no clear correlation with
outcome parameters was found. Neither initial SUV nor the
percentage change in SUV during therapy, as indicated in
Table 2, is a useful parameter for predicting patient out-
come after PRRT.

There are several possible explanations for the overall
variability in quantitative data. One is certainly the biologic
tumor heterogeneity and the variable responsiveness of
tumor tissue to radiation therapy (12,25). Furthermore, the
fact that some patients were pretreated, for example, with
chemotherapy, before being enrolled in the study could also
have influenced the SSTR profile at the molecular level.
The different time spans between final treatment and
imaging might be another reason for SUV fluctuation.
However, no significant differences in SUV were observed
when patients with early restaging were compared 1 mo
after therapy and 3 mo after therapy.

Limitations of This Study

One limitation of the current analysis might be that
different lesions were chosen for CT or MRI and 68Ga-
DOTA-TOC PET analysis. However, choosing the same
lesions for therapy evaluation would have meant defining
a reference target lesion before assessing images, which
would bias the masked reviewers. For this reason, a
head-to-head comparison of PET and CT for the same
index lesions was achieved in only 2 patients with stable
disease.

Additionally, patients underwent a variable number of
treatment cycles because of the individualized therapy
protocol used at our department, which also includes
dosimetric data and clinical parameters (9), reflecting a
typical clinical situation.

CONCLUSION

In contrast to staging of patients with SSTR-expressing
tumors, in which 68Ga-DOTA-TOC PET is clearly superior
to CT (8), there is little if any support for peptide receptor
imaging with PET as a means of predicting therapy
response. However, in addition to conventional imaging
(CT), 68Ga-DOTA-TOC whole-body PET can be helpful as
an early predictor of progressive disease by detecting new

FIGURE 5. Relationship between clinical response and intrapatient changes in 18Ga-DOTA-TOC SUVs. Wilcoxon signed-rank
test showed no significant difference in maximal SUV between pre- and posttherapy PET scans with noticeable variability
among patients: clinical responders (A), patients with stable disease (B), and patients with progressive disease (C). SUVbw,max 5

maximal SUV normalized for body weight.

FIGURE 6. A 34-y-old man (patient 17)
with disseminated liver metastases of
neuroendocrine pancreatic tumor (A).
After 4 cycles of 90Y-DOTA-TOC, his
clinical condition indicated progressive
disease although 1 large liver lesion
(large arrow) showed decreased uptake
on follow-up PET (B). However, 18F-
FDG PET revealed enhanced uptake in
this lesion (C), and a process of further
dedifferentiation was thus assumed.
Tumor progression was also confirmed
with diagnostic CT (before therapy [D]
and after therapy [E]). Retention of tracer
in renal calices of right kidney shines
through as indicated by small arrow.
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metastases that developed during therapy. Evaluation of
individual lesions, that is, diameter according to RECIST or
SUV analysis, has been shown to be of no clinical value.
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