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Localization of the site of the unknown primary tumor is critical for
surgical treatment of patients presenting with neuroendocrine tumor
(NET) with metastases. Methods: Forty patients with metastatic
NET and unknown primary site underwent $8Ga-DOTATOC PET/
CT in a single-site prospective study. The 68Ga-DOTATOC PET/
CT was considered true-positive if the positive primary site was
confirmed by histology or follow-up imaging. The scan was consid-
ered false-positive if no primary lesion was found corresponding to
the %8Ga-DOTATOC-positive site. All negative scans for primary
tumor were considered false-negative. A scan was classified un-
confirmed if 88Ga-DOTATOC PET/CT suggested a primary, how-
ever, no histology was obtained and imaging follow-up was not
confirmatory. Results: The true-positive, false-positive, false-
negative, and unconfirmed rates for unknown primary tumor were
38%, 7%, 50%, and 5%, respectively. Conclusion: 68Ga-DOTATOC
PET/CT is an effective modality in the localization of unknown primary
in patients with metastatic NET.
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Between 9% and 19% of patients with neuroendocrine tumors
(NETs) present with metastatic disease with an unknown primary
tumor site (/). Localization of the primary tumor is highly relevant
in the management of this patient population because complete
resection of the primary tumor and metastases is the treatment
goal for patients with well-differentiated NET metastases (2).
Even if the metastases are not completely resectable, debulking
surgery can improve symptom control in patients with endocrine
symptoms and may improve survival (2—4).

The standard imaging for staging of NETs includes CT and MRI
as well as somatostatin receptor scintigraphy. CT and MRI are
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limited for evaluation of primary small bowel NETSs; somatostatin
receptor imaging with !'In-octreotide (Octreoscan; Mallinckrodt Phar-
maceuticals) also shows limited detectability, with only 37% of small
bowel primary NETs detected preoperatively with !!In-octreotide (5).
More recently, somatostatin receptor imaging with positron emitters
has been developed using ®Ga (a generator product with a half-life
of 68 min) and DOTA as chelator. The most widely studied *®Ga-
DOTA-octreotide analogs for PET imaging are %Ga-DOTATATE,
68Ga-DOTATOC, and %Ga-DOTANOC. All of these radiopharmaceu-
ticals have higher affinity than ''!In-octreotide for the somatostatin
receptor subtype 2, the primary target in NETS, and are more sensitive
than "'!In-octreotide in the detection of NET lesions (6-8).

The objective of this study was to evaluate the accuracy of
68Ga-DOTATOC PET/CT imaging in the localization of the site of
the unknown primary tumor in patients with metastatic NET.

MATERIALS AND METHODS

Patients

A single-center prospective study was performed to evaluate the
safety and efficacy of %8Ga-DOTATOC PET/CT in patients with a
previous diagnosis of or suspected NET. A database of enrolled sub-
jects was created and classified according to the scan indications,
which included initial staging and restaging of NETs, diagnosis of
NET in patients with suspected disease, and localization of unknown
primary in patients with metastatic NET. Patients with histologically
proven NET metastases and an unknown primary were included in this
analysis. This study was performed under a physician-sponsored In-
vestigational New Drug application from the U.S. Food and Drug
Administration for °8Ga-DOTATOC (IND# 114,398). The study pro-
tocol was approved by the University of Iowa Institutional Review
Board, and all subjects signed a written informed consent form. The
clinical trial was listed in clinicaltrials.gov (NCT01619865).

68Ga-DOTATOC PET/CT Imaging

68Ga-DOTATOC was synthesized using an automated °3Ge/*®Ga
generator (IGG100; Eckert & Ziegler) coupled with a ModularLab
PharmTracer synthesis module (Eckert & Ziegler) as previously de-
scribed (9-12). Briefly, %8Ga was eluted from the generator with
0.1 M hydrochloric acid (6 mL) and passed through an in-line cation
exchange resin (STRATA-XC; Phenomenex). Purified ®®Ga was then
eluted with 98% acetone/0.02 M HCI (0.8 mL) to a glass reaction vessel
containing DOTATOC (39 nmol, 55 pg) in sodium acetate buffer, pH 4
(2 mL). Radiolabeling was performed at 95°C for 6 min, and acetone
was removed by vent to waste during the radiolabeling step. After being
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radiolabeled, ®3Ga-DOTATOC was transferred to an in-line SPE tC-18
cartridge (Waters); free ®Ga was removed by saline rinse. Pure %3Ga-
DOTATOC was first eluted with 47.5% ethanol:water (1.2 mL) to the
product vial via a 0.22-pm sterilizing filter followed by isotonic saline
for injection (7 mL). Quality control parameters of radiochemical and
radionuclidic purity, half-life, pH, endotoxin content, and sterility were
measured by standard techniques.

Whole-body images from the top of the head to proximal thighs were
obtained on a Siemens Biograph PET/CT scanner after a 60-min uptake
period after the intravenous administration of 148—-185 MBq of %8Ga-
DOTATOC. A low-dose, noncontrast whole-body CT scan (30-60 mAs,
120 kV, 5-mm slice thickness, and pitch of 0.8) was acquired for atten-
uation correction. PET/CT images were iteratively reconstructed using 4
iterations and 8 subsets with a 7-mm gaussian postprocessing filter.

Data Analysis

PET/CT images were read qualitatively by an experienced nuclear
medicine specialist, with focal uptake of ®®Ga-DOTATOC above nor-
mal background considered positive for NET. The clinical indication
of the scan and previous conventional imaging studies were available
to the reading physicians. The scan was considered true-positive if the
primary lesion suggested by 8Ga-DOTATOC PET/CT was confirmed
by histology or follow-up imaging. A scan was considered false-positive
if no primary lesion was found corresponding to a °®Ga-DOTATOC-
positive site on surgery, endoscopy, or imaging follow-up. All ®Ga-
DOTATOC PET/CT scans negative for primary tumor were considered
false-negative. None of the scans was considered true-negative for pri-
mary tumor because all patients had histologically proven NET metasta-
ses (present or previously resected). A scan was classified as unconfirmed
if a potential primary tumor site was identified on 8Ga-DOTATOC
PET/CT, but no histology was obtained and imaging and clinical
follow-up did not confirm the lesion. The effectiveness of %8Ga-
DOTATOC PET/CT scans was measured with regard to identification
of primary tumors.

RESULTS

Patients

Forty patients, 23 men and 17 women with an age range of 20—
75y (55 £ 12 y), with metastatic NET and unknown primary site,
were imaged with ¥ Ga-DOTATOC PET/CT. Before %8Ga-DOTA-
TOC PET/CT scanning, all patients underwent a CT or MRI of the
abdomen—pelvis (conventional imaging) that failed to localize a
primary tumor. Conventional imaging was obtained within a me-
dian of 3 mo before %3Ga-DOTATOC PET/CT (range, 1-27 mo; in
37 patients within 1 y). Seventeen patients also underwent an
'n-octreotide scan within 1 y of %8Ga-DOTATOC PET/CT scan-
ning (median, 4 mo). The metastatic sites identified before *3Ga-
DOTATOC PET/CT were the liver (n = 29); lymph nodes (n = 8);
bones (n = 6); lungs and pleura (n = 5); peritoneum (n = 2); and
skin, brain, or kidney lesions (n = 1 patient each). In 18 patients,
the liver was the only known site of metastasis. The distribution of
tumor grade for metastatic sites, available in 38 patients, was low-
grade in 13 patients, intermediate-grade in 17 patients, and high-
grade in 8 patients. The initial diagnosis of metastatic NET was
made between 1 and 178 mo (median, 6.5 mo) before °8Ga-
DOTATOC PET/CT scanning; 20 scans were obtained within
6 mo of diagnosis, 6 scans within 6-12 mo, 10 scans within 1-5 y,
and 4 scans more than 5 y after initial diagnosis of NET.

Localization of Unknown Primary

68Ga-DOTATOC PET/CT was true-positive for primary tumor in
15 patients (38%; confidence interval, 23%-53%), unconfirmed
positive in 2 patients (5%), false-positive in 3 patients (7%), and

false-negative in 20 patients (50%). The true-positive sites for pri-
mary NET on %8Ga-DOTATOC were the pancreas in 6 patients,
ileum in 8 patients, and retrorectal in 1 patient. The true-positive
tumor sites were confirmed with histology in 11 of 15 patients and
follow-up imaging in 4 of 15 patients. There was no significant
difference in detection rate of the primary tumor between patients
imaged within 1 y of diagnosis versus after 1 y (44% vs. 27%). The
true-positive rate for primary tumor detection was 5 of 13 for pa-
tients with low-grade metastases, 7 of 17 for intermediate-grade
metastases, and 2 of 8 for high-grade metastases, with no statisti-
cally significant difference between the groups. Among 11 primary
tumors with histopathologic confirmation, 8 were low-grade and 3
were intermediate-grade. There were 3 false-positive scans, one in
the ileum in an area of lymphoid hyperplasia found on surgical
histopathology, one in the stomach with negative follow-up endos-
copy, and another in the pancreatic head with negative conventional
imaging and endoscopic ultrasound on follow-up. In 17 patients
who underwent both '!''In-octreoscan and °8Ga-DOTATOC within
1y, there were 1 true-positive on '!'In-octreoscan (also positive on
68Ga-DOTATOC) and 7 true-positive 8Ga-DOTATOC (P = 0.03).
The performance characteristics of ®Ga-DOTATOC PET/CT in de-
tection of unknown primary NETs are summarized in Table 1.
Figures 1 and 2 show 2 true-positive scans of ileal and pancreatic
primary NETs, and Figure 3 shows a false-positive scan in ileal
lymphoid hyperplasia.

DISCUSSION

NETs of unknown primary are the third most common site of
origin for NETs after rectal and pulmonary carcinoids, surpassing
pancreatic and ileal primary sites (/3). Identification of primary
tumor is critical if curative intent therapy is planned with complete
surgical resection of metastases and the primary tumor. Even in
patients with unresectable liver metastases, a systematic review of
the literature has found a potential benefit of resection of primary
NET (3). In a multiinstitutional retrospective analysis of patients with
metastatic liver disease from midgut NET, resection of the primary
tumor was an independent predictor of survival, with a median sur-
vival of 9.92 y after resection of the primary versus 4.68 y for
patients with no resection of the primary tumor (/4). Improved sur-
vival was also reported in patients after resection of primary pancre-
atic tumor in metastatic NET in 882 patients, with a median survival
of 5.42 y for patients who had resection versus 0.83 y for patients
who did not have surgery for primary tumor (4). It should be noted,
however, that these studies reporting improved survival after resec-
tion were limited in their retrospective nature and did not prospec-
tively randomize patients to systemic therapy versus surgery.

In our study, %3Ga-DOTATOC PET/CT identified the primary
tumor in 38% of patients with metastases after conventional imaging

TABLE 1
Performance Characteristics of 8Ga-DOTATOC PET/CT in
Detection of Unknown Primary NET (n = 40)

Characteristic Percentage

True-positive 38

Unconfirmed 5

False-positive

False-negative 50
68Ga-DOTATOC IN UNkNOWN PriMARY NETs ¢ Menda et al. 1055



FIGURE 1. 68Ga-DOTATOC PET/CT images of patient with liver metas-
tases on CT. In addition to multiple liver lesions, 88Ga-DOTATOC PET/CT
shows focus of increased uptake in right lower quadrant (arrows), consis-
tent with ileal NET. Subcentimeter paracaval node is also visible (dashed
arrow). Patient underwent resection of primary ileal NET and radiofre-
quency ablation of liver metastases.

failed to detect the primary lesion. %3Ga-DOTATOC PET/CT was
equally effective in localization of unknown primary tumor in low-
grade and intermediate-grade metastases. The 8Ga-DOTATOC PET/
CT, however, led to unnecessary invasive procedures in 3 patients
(8%). In 2 patients, variants of presumed normal uptake of ®Ga-
DOTATOC were considered sufficiently suspicious in the pancreatic
head (uncinate process) and gastric fundus to recommend endoscopic
procedures, both of which failed to identify a primary tumor. In a

FIGURE 2. '"'In-octreotide coronal and transaxial SPECT/CT images
(top) and ¢8Ga-DOTATOC coronal and transaxial PET/CT images (bottom)
of patient with liver metastases presenting with Cushing syndrome and
unknown primary. Multiple liver lesions were seen on both scans although
many more on 88Ga-DOTATOC PET/CT. Pancreatic body lesion is clearly
identified on 68Ga-DOTATOC PET/CT images (arrows) but not visualized
on the 'In-octreotide SPECT/CT scan obtained 2 mo before 68Ga-
DOTATOC PET/CT scan. Patient underwent distal pancreatectomy, ad-
renalectomy, and radiofrequency ablation of liver metastases.
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third patient (Fig. 3), lymphoid hyperplasia in the ileum caused a
false-positive scan that led to unnecessary small bowel resection. This
likely reflected the high somatostatin receptor density in inflamma-
tory bowel disease reported previously by somatostatin receptor au-
toradiography (15) and on ''In-octreotide scintigraphy (/6).

There are few reports of case series in the literature on patients
with unknown primary tumors imaged with ®®Ga-DOTA-octreotide
analogs (DOTATOC, DOTANOC, or DOTATATE). The largest
study was reported by Prasad et al. with ®*Ga-DOTANOC in 59
patients with metastatic NETs (/7). In this latter study, the reported
detectability of primary tumor with %¥Ga-DOTANOC was higher at
59%, although 49% of the positive scans for primary tumor were
unconfirmed and surgical histopathology was available in 17% of
patients. There may be also differences in detectability of tumor
between %8Ga-DOTANOC and %8Ga-DOTATOC PET/CT, although
the receptor affinity of both agents is similar for somatostatin re-
ceptor subtype 2, the predominant somatostatin receptor on NETs,
whereas %Ga-DOTANOC has significantly higher affinity for so-
matostatin receptor subtype 3 and somatostatin receptor subtype 5
(18). In another study by Schreiter et al., patients with metastatic
NET and unknown primary underwent either ®8Ga-DOTATOC
PET/CT (n = 33) or "'In-octreotide SPECT/CT (n = 50) (19).
The detection rate of 46% for the unknown primary site with ®3Ga
DOTATOC was similar to our findings and significantly better than
8% obtained with !!'In-octreotide. With ©3Ga-DOTATATE PET/CT,
Alonso et al. reported a detection rate of 59% of primary tumor in
29 patients with metastatic NETs, with a change in management in
24% of patients (20). Findings of our study along with these studies
clearly demonstrate the value of PET/CT with 8Ga-DOTA-octreotide
analogs in patients with unknown primary NETs and suggest
that for this indication 8Ga-labeled DOTATOC, DOTANOC, and
DOTATATE may be equivalent. At the time of writing of this
article, only °8Ga-DOTATATE is approved by the U.S. Food and
Drug Administration for clinical use and ®8Ga-DOTANOC and
%8Ga-DOTATOC are investigational.

FIGURE 3. False-positive °8Ga-DOTATOC PET/CT in patient with ileal
lymphoid hyperplasia. Liver metastases seen on whole-body coronal
and transaxial PET/CT images (arrow, right top). Mild focal uptake noted
in right lower quadrant (arrow) suspicious for ileal NET. Surgical histo-
pathology of ileal resection showed lymphoid hyperplasia.
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Our study had some limitations. Not all primary tumor sites suggested
by %8Ga-DOTATOC PET/CT could be verified by histology because
some patients were not considered surgical candidates after workup.
Although we were able to confirm or exclude primary tumor in 18 of
20 patients with positive %Ga-DOTATOC PET/CT by histology or
imaging, 2 patients remained unconfirmed. The workup before %Ga
DOTATOC PET/CT scanning was not homogeneous because conven-
tional imaging studies were done at different institutions with poten-
tially different protocols and read by different readers.

CONCLUSION

68Ga-DOTATOC PET/CT is an effective modality in localization
of unknown primary tumor site in patients with metastatic NETs.
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