572 tomography. In pNETs, endoscopic ultrasound (EUS) and functional
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localization by measuring venous hormonal gradients are also reported
to be useful. Bronchial carcinoids are usually detected by standard chest
radiography and assessed by CT. Rectal, duodenal, colonic, and gastric
carcinoids are usually detected by GI endoscopy. Because of their wide
availability, CT and MRI are generally initially used to determine the
location of the primary NETs and the extent of disease. NETs are hypervascular tumors, and with both MRI and CT, contrast enhancement is
essential for maximal sensitivity, and it is recommended that generally
triple-phase scanning be used. The ability of cross-sectional imaging
and, to a lesser extent, SRS to detect NETs is a function of NET size.
With CT and MRI, <10% of tumors <1 cm in diameter are detected,
30–40% of tumors 1–3 cm are detected, and >50% of tumors >3 cm are
detected. Many primary GI-NETs (carcinoids) are small, as are insulinomas and duodenal gastrinomas, and are frequently not detected by
cross-sectional imaging, whereas most other pNETs present late in the
course of their disease and are large (>4 cm). Selective angiography is
more sensitive, localizing 60–90% of all NETs; however, it is now used
infrequently. For detecting liver metastases, CT and MRI are more
sensitive than ultrasound, and with recent improvements, 5–25% of
patients with liver metastases will be missed by CT and/or MRI.
pNETs, as well as GI-NETs (carcinoids), frequently (>80%) overexpress high-affinity somatostatin receptors in both the primary tumors
and the metastases. Of the five types of somatostatin receptors (sst1–5),
radiolabeled octreotide binds with high affinity to sst2 and sst5, has
a lower affinity for sst3, and has a very low affinity for sst1 and sst4.
Between 80 and 100% of GI-NETs (carcinoids) and pNETs possess sst2,
and many also have the other four sst subtypes. Interaction with these
receptors can be used to treat these tumors as well as to localize NETs
by using radiolabeled somatostatin analogues (SRS). In the United
States, [111In-DTPA-d-Phe1]octreotide (octreoscan) is generally used
with gamma camera detection using single-photon emission computed tomography (SPECT) imaging. Numerous studies, primarily in
Europe, using gallium-68-labeled somatostatin analogues and positron
emission tomography (PET) detection, demonstrate even greater
sensitivity than with SRS with 111In-labeled somatostatin analogues.
Although not yet approved in the United States, there are a number
of centers starting to use this approach. Because of its sensitivity and
ability to localize tumor throughout the body, SRS is the initial imaging
modality of choice for localizing both the primary tumor and metastatic NETs. SRS localizes tumor in 73–95% of patients with GI-NETs
(carcinoids) and in 56–100% of patients with pNETs, except insulinomas. Insulinomas are usually small and have low densities of sst receptors, resulting in SRS being positive in only 12–50% of patients with
insulinomas. SRS identifies >90–95% of patients with liver metastases
due to NETs. Figure 113-3 shows an example of the increased sensitivity of SRS in a patient with a GI-NET (carcinoid) tumor. The CT scan
showed a single liver metastasis, whereas the SRS demonstrated three
metastases in the liver in multiple locations. Occasional false-positive
responses with SRS can occur (12% in one study) because numerous
other normal tissues as well as diseases can have high densities of sst
receptors, including granulomas (sarcoid, tuberculosis, etc.), thyroid
diseases (goiter, thyroiditis), and activated lymphocytes (lymphomas,
wound infections). If liver metastases are identified by SRS, to plan the
proper treatment, either a CT or an MRI (with contrast enhancement)
is recommended to assess the size and exact location of the metastases
because SRS does not provide information on tumor size. For pNETs
in the pancreas, EUS is highly sensitive, localizing 77–100% of insulinomas, which occur almost exclusively within the pancreas. Endoscopic
ultrasound is less sensitive for extrapancreatic tumors. It is increasingly used in patients with MEN 1, and to a lesser extent VHL, to
detect small pNETs not seen with other modalities or for serial pNET
assessments to determine size changes or rapid growth in patients in
whom surgery is deferred. EUS with cytologic evaluation also is used
frequently to distinguish an NF-pNET from a pancreatic adenocarcinoma or another nonendocrine pancreatic tumor. Not infrequently
patients present with liver metastases due to an NET and the primary
site is unclear. Occult small intestinal NETs (carcinoids) are increasingly detected by double-balloon enteroscopy or capsule endoscopy.
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Figure 113-3 Ability of computed tomography (CT) scanning
(top) or somatostatin receptor scintigraphy (SRS) (bottom) to
localize metastatic carcinoid in the liver.
Insulinomas frequently overexpress receptors for glucagon-like
peptide-1 (GLP-1), and radiolabeled GLP-1 analogues have been
developed that can detect occult insulinomas not localized by other
imaging modalities. Functional localization by measuring hormonal
gradients is now uncommonly used with gastrinomas (after intraarterial secretin injections) but is still frequently used in insulinoma
patients in whom other imaging studies are negative (assessing hepatic
vein insulin concentrations post-intra-arterial calcium injections).
Functional localization measuring hormone gradients in insulinomas
or gastrin gradients in gastrinoma is a sensitive method, being positive
in 80–100% of patients. The intra-arterial calcium test may also allow
differentiation of the cause of the hypoglycemia and indicate whether
it is due to an insulinoma or a nesidioblastosis. The latter entity is
becoming increasingly important because hypoglycemia after gastric
bypass surgery for obesity is increasing in frequency, and it is primarily due to nesidioblastosis, although it can occasionally be due to an
insulinoma.
PET and use of hybrid scanners such as CT and SRS may have
increased sensitivity. PET scanning with 18F-fluoro-DOPA in patients
with carcinoids or with 11C-5-HTP in patients with pNETs or GI-NETs
(carcinoids) has greater sensitivity than cross-sectional imaging studies and may be used increasingly in the future. PET scanning for
GI-NETs is not currently approved in the United States.
TREATMENT	

Advanced Disease (Diffuse Metastatic
Disease)

The single most important prognostic factor for survival is the
presence of liver metastases (Fig. 113-4). For patients with foregut
carcinoids without hepatic metastases, the 5-year survival in one
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