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Hepatic neuroendocrine neoplasm: imaging patterns

Neoplasia neuroenddcrina hepdtica: padrées de imagem
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Abstract

Resumo

Neuroendocrine neoplasms (NENs) are a heterogeneous group of tumors with distinct morphological and biological manifestations,
the liver being the main organ affected by its metastases. However, primary hepatic involvement is quite rare. Hepatic NENs can
have a variety of radiological presentation forms and can therefore mimic other lesions, making their diagnosis challenging. None-
theless, certain imaging aspects allow NENSs to be included among the main differential diagnoses of hepatic lesions and can guide
the search for an extrahepatic primary site when the probable diagnosis is metastases.
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As neoplasias neuroenddcrinas (NNEs) sdo um grupo heterogéneo de tumores com manifestacoes morfologicas e biolégicas dis-
tintas, sendo o figado o principal 6rgao acometido por suas metastases. Por outro lado, 0 acometimento primario deste 6rgao é
muito raro. Podem-se observar as mais diversas formas de apresentacao radiologica das NNEs hepaticas primaria e secundaria e,
em razao dessa variedade e por mimetizar outras lesoes, o seu diagnéstico pode se revelar um desafio. No entanto, alguns desses
aspectos permitem incluir as NNEs entre os principais diagndsticos diferenciais de lesoes hepaticas e, nos casos de metastases,

orientar na busca de um eventual sitio primario extra-hepatico.

Unitermos: Carcinoma neuroendécrino; Tumores neuroenddcrinos; Metastase neoplasica; Figado.

INTRODUCTION

Neuroendocrine neoplasms (NENs) are a heteroge-
neous group of tumors with diverse morphological and bio-
logical manifestations that may appear in any tissue, the
gastrointestinal (GI) tract being its most common primary
site, accounting for 66—74% of cases'). They can be as-
sociated with genetic factors (e.g., multiple endocrine neo-
plasia type I and Von Hippel-Lindau syndrome), although
most NENs are sporadic tumors. In recent years, mainly
due to advances in diagnostic methods, there has been an
increase in the incidence of NENs in the United States,
where it rose from 1.52 cases/100,000 population in 1973
to 7.41 cases/100,000 population in 20122

The diagnostic workup of an NEN includes hormone
tests, imaging tests, and pathology studies. In patients with
symptoms related to hormone production, biochemical
tests should be requested to investigate the corresponding
syndrome. For example, a 5-hydroxyindoleacetic acid test
in a 24-h urine sample should be performed for carcinoid
syndrome (serotonin hypersecretion). The diagnostic bio-
marker of choice for symptomatic and asymptomatic cases
is chromogranin A because it is the most sensitive®. It is
also an important biomarker for patient follow-up.
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Collecting samples for anatomic pathology studies is
of great importance for making the definitive diagnosis of
an NEN. The access route will depend on the site affected.
For example, endoscopic ultrasound is used for pancre-
atic neoplasms whereas percutaneous access is used when
there is liver involvement. In the latter case, ultrasound-
guided percutaneous access is preferred, although com-
puted tomography (CT) guidance can be used in more dif-
ficult cases'.

The radiological methods used for investigating NENs
include CT, magnetic resonance imaging (MRI), and nu-
clear medicine tests, especially positron emission tomogra-
phy/CT (PET/CT) with '®F-fluorodeoxyglucose (‘**F-FDG)
or *gallium DOTATATE®. In cases of NENs, CT and
MRI are used for locating and staging the disease, defining
the extent of the primary lesion, and determining whether
or not there are any metastases®. In most cases, regard-
less of their location, the lesions are hypervascular, hence
the importance of the arterial phase in imaging protocols.
However, depending on the type, size, and location of the
tumor, the portal and late phases are also key for a more
effective analysis. On MRI scans, in addition to a hyper-
vascular enhancement pattern, lesions usually present a
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hyperintense signal on T2-weighted sequences and signifi-
cantly restricted diffusion on diffusion-weighted imaging
(DWI). The DWI technique, combined with the use of
a hepatobiliary-specific contrast agent, has increased the
sensitivity of MRI in detecting liver metastases, including
those originating from NENs 4=,

Images obtained with PET/CT are used for detecting
and staging tumors, as well as for informing and moni-
toring the treatment of patients with an NEN. In addi-
tion to defining the location of the lesion, PET/CT scans
provide us with physiological information represented by
increased glucose metabolism or expression of somatosta-
tin receptors, depending on the degree of tumor differen-
tiation. The ""F-FDG radiotracer is mainly used to visual-
ize the metabolic activity of poorly differentiated NENs,
whereas ®®gallium DOTATATE is used for well-differenti-
ated tumors'®.

Approximately 15% of patients with an NEN have me-
tastases. Most (46—93%) of the metastases from an NEN
affect the liver, whereas the pancreas and small intestine
are the most common primary sites'”), Primary hepatic
NENs (PHNENSs) are extremely rare, only approximately
150 cases having been reported to date (in the English-
language literature). Diagnosing a hepatic NEN is chal-
lenging because its symptoms are unremarkable, indolent,
and often nonspecific, as well as because its radiological
findings are very similar to those of other liver lesions and
their various forms of presentation‘".

There are currently no definitive guidelines for the
treatment of PHNENs and hepatic neuroendocrine me-
tastases. The treatment plan is individualized, taking into
account the site, stage, and degree of differentiation of the
tumor, as well as the age, comorbidities, and symptoms
of the patient, in a multidisciplinary approach in which
surgery, chemotherapy, radiation therapy, transcatheter
arterial chemoembolization, and the use of somatostatin
analogues are all available options"*,

Given the wide range of types and clinical character-
istics of NENSs, there is currently no consensus on how
the affected patients should be monitored after treatment.
Nevertheless, one could say that the follow-up of patients
with liver metastases is individualized on the basis of their
clinical status (including symptoms) and degree of tumor
differentiation, making use of a combination of laboratory
tests and tumor markers (including chromogranin A), as
well as (anatomical and functional) imaging findings'®.

In patients with a suspected PHNEN, one should try
to confirm that there is no primary extrahepatic site. To
that end, complementary tests, such as endoscopy, colo-
noscopy, and bronchoscopy, may be needed'?.

The objective of this study was to illustrate the com-
mon and uncommon presentations of PHNENs and he-
patic neuroendocrine metastases. We hope that the infor-

mation provided will facilitate their diagnosis.
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PRIMARY HEPATIC NEUROENDOCRINE
NEOPLASM (PHNEN)

Only 0.3% of all NENs are PHNENSs. Although the
histogenesis of a PHNEN is unknown, it is thought to
originate from ectopic pancreatic or adrenal cells in the
liver, neuroendocrine tissue in the intrahepatic biliary epi-
thelium, or chronic inflammation in the biliary tract caus-
ing intestinal metaplasia'?), This type of neoplasm can oc-
cur in patients of any age, although it is mainly reported
in adults (40-50 years of age), with similar distribution
between men and women''". There are no known risk
factors for PHNEN, and the associated mortality rate is
estimated to be 25%. In most cases (80%), it is not accom-
panied by metastases at the time of diagnosis'".

Because PHNENs are slow-growing tumors, with
clinical manifestations that can be nonspecific or even
absent, they are usually detected because of the appear-
ance of symptoms caused by the mass effect in the liver
and adjacent organs, such as jaundice, palpable mass,
and abdominal distention, and pain. Approximately 5% of
patients present with the classic carcinoid syndrome!?.
Establishing a diagnosis can be challenging because the
radiological findings are quite similar to those of other
liver lesions such as hepatocellular carcinoma, cholangio-
carcinoma, metastatic liver disease, and hydatid cyst. One
of the diagnostic criteria for a PHNEN is the absence of
lesions at other sites commonly affected by this type of
tumor, such as the small intestine, the pancreas, and the

(12) Therefore, when an NEN is found in the liver,

(10,

lungs
looking for an extrahepatic primary site is paramoun

The radiological characteristics of PHNENs are
not well known, probably because of the low number of
cases reported. The lesions are usually single and het-
erogeneous, showing a hypervascular enhancement pat-
tern that is more pronounced in the periphery and late
enhancement in the center, with or without cystic areas
(corresponding to necrosis) and a fluid-fluid level'>'¥,
as depicted in Figures 1 and 2, respectively. In our ex-
perience, a fluid-fluid level has been a recurring feature,
which we find curious.

NEUROENDOCRINE HEPATIC METASTASES

Metastases from an NEN account for approximately
10% of all liver metastases. The liver is the organ most
commonly affected by NEN metastases. Just over half of
NENS of the GI tract show liver involvement at the time of
diagnosis, and metastasis occurs, on average, seven years
after the appearance of the primary lesion. The small in-
testine (terminal ileum) is the most common primary
site”). The occurrence of metastasis depends mainly on
the extent, degree of differentiation, and proliferative ac-
tivity of the primary lesion. Liver metastases constitute the
most important predictor of mortality in patients with an
NEN. Among patients with an NEN, the five-year survival
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Figure 1. PHNEN. An arterial phase CT scan showing a large heterogeneous liver
mass with a hypervascular enhancement pattern and a necrotic component.

rate is significantly lower for those with liver metastases
than for those without™'>—30-40% vs. 75-99%.

Although NENSs of the GI tract have a slow progres-
sion, syndromic patients may present with symptoms
related to hormone production and hypersecretion. In
patients with nonfunctioning tumors, symptoms depend
on tumor size and metastasis location, the most common
clinical manifestation being nonspecific abdominal pain
and the second most common being weight loss'”.

Metastatic lesions from NENs typically present as
multiple hypervascular nodules"® (Figure 3). They are
similar to metastases from thyroid carcinomas, melano-
mas, and renal cell carcinomas (Figure 4A). Metastases
from an NEN can also present as hypovascular masses or
nodules (Figure 5). Larger lesions can have a cystic ap-
pearance because of the liquefaction component result-
ing from tumor necrosis""® (Figure 5A). Other tumors that
present the same pattern are metastases from the GI tract
(Figure 4B), from the lungs, and from sarcomas.

In a metastasis from an NEN, a calcification com-
ponent (Figure 6) is uncommon, only a few cases having
been reported to date'®. In contrast, a hepatic lesion with
a fluid-fluid level is highly suggestive of metastasis from

an NEN (Figure 7), a finding that is probably caused by

Figure 2. PHNEN. Arterial phase CT scan (A), T2-weighted MRI sequence (B), apparent diffusion coefficient map (C), and surgical specimen with multiple cysts
(D). Note the large heterogeneous mass in the left lobe of the liver with a solid area showing a hypervascular enhancement pattern and a multicystic component
characterized by hypoattenuating areas on the CT scan and areas of high signal intensity in the T2-weighted MRI sequence, some with a fluid-fluid level, and a
punctate calcification focus (arrow in A). There is also markedly restricted diffusion in the solid area of the mass.
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Figure 3. Arterial phase CT scan showing an NEN metastasis characterized by
multiple liver nodules with a hypervascular enhancement pattern.

hemorrhage/high protein content related to the tumor

(17 However, a fluid-fluid level can

hormone production
also be seen in metastases from ovarian carcinoma and
sarcoma (Figure 4C). Metastases from an NEN can also
present perilesional fat deposition, which has been re-
ported specifically in metastases from insulinoma. That
could be related to the insulin effect; that is, inhibition of
fatty acid oxidation and the consequent accumulation of
triglycerides in hepatocytes'®.

The enhancement pattern of a liver metastasis from
an NEN can aid in the search for the primary site. For
example, a hypervascular lesion with no washout in the
portal venous phase can indicate that the primary site is in
the pancreas (Figures 8A and 8B), whereas a hypervascu-
lar lesion with portal venous phase washout can indicate
an enteric origin (Figures 8C and 8D)"?).

In our experience, the use of DWI with a hepatobiliary-
specific contrast agent, which has previously been shown
to be a highly accurate method to detect liver metastasis in

Figure 4. Possible differential diagnoses for metastases from an NEN. Liver metastasis from a renal cell carcinoma—arterial phase CT scan (A), from adenocarci-
noma of the colon—arterial phase CT scan (B), and from sarcoma—T2-weighted MRI sequence (C).

Figure 5. Arterial phase CT scan showing metastases from an NEN, characterized by masses (A) and multiple nodules (B) with a hypovascular enhancement
pattern.
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Figure 6. T2-weighted MRI sequence showing liver metastases with a cystic Figure 7. Portal phase CT scan showing a liver metastasis containing foci of
component exhibiting a fluid-fluid level. calcification.

Figure 8. CT scans obtained in the arterial phase (A,C) and portal venous phase (B,D). Multiple liver nodules with a hypervascular enhancement pattern (A,C) and
portal venous phase isointense attenuation in a case of a pancreatic NEN (A,B), and portal phase hypoattenuation in a case of an ileal NEN (C,D).
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Figure 9. Arterial phase CT scan (A), DWI scan with a b value of 800 s/mm? (B), and 20-min hepatobiliary phase MRI scan (C). The CT scan shows some sparse
hypervascular nodules in the liver parenchyma. However, a close look at the images obtained with MRI using hepatobiliary-specific contrast, analyzing the DWI scan
together with the hepatobiliary phase scan (arrows in C), reveals that there were multiple liver nodules.

patients with colorectal cancer®”, has proven to be more
effective than is CT in detecting secondary liver lesions in
the context of NENs® (Figure 9).

CONCLUSION

Because of their wide range of radiological presenta-
tions, PHNENs and neuroendocrine hepatic metastases
can be mistaken for other liver lesions. There are, never-
theless, features that can hint at their origin, such as the
presence of multiple hypervascular lesions coexisting with
ileal or pancreatic masses (in cases of metastatic disease)
or a single mass with cystic cavities and a fluid-fluid level
(in cases of primary disease). The role of radiologists goes
beyond diagnosis to include participation in the manage-
ment, treatment, and follow-up of these neoplasms.

REFERENCES

1. Lin CW, Lai CH, Hsu CC, et al. Primary hepatic carcinoid tumor: a
case report and review of the literature. Cases J. 2009;2:90.

2. Leoncini E, Boffetta P, Shafir M, et al. Increased incidence trend of
low-grade and high-grade neuroendocrine neoplasms. Endocrine.
2017;58:368-79.

3. Sippel RS, Chen H. Carcinoid tumors. Surg Oncol Clin N Am.
2006;15:463-78.

4. Sahani DV, Bonaffini PA, Fernandez-Del Castillo C, et al. Gastroen-
teropancreatic neuroendocrine tumors: role of imaging in diagnosis
and management. Radiology. 2013;266:38-61.

5. Morse B, Jeong D, Thomas K, et al. Magnetic resonance imaging
of neuroendocrine tumor hepatic metastases: does hepatobiliary
phase imaging improve lesion conspicuity and interobserver agree-
ment of lesion measurements? Pancreas. 2017;46:1219-24.

6. Sundin A. Radiological and nuclear medicine imaging of gastroen-
teropancreatic neuroendocrine tumours. Best Pract Res Clin Gas-
troenterol. 2012;26:803—18.

7. Frilling A, Sotiropoulos GC, Li ], et al. Multimodal management of
neuroendocrine liver metastases. HPB (Oxford). 2010;12:361-79.

[@)er |

200

8. Steinmiiller T, Kianmanesh R, Falconi M, et al. Consensus guide-
lines for the management of patients with liver metastases from
digestive (neuro)endocrine tumors: foregut, midgut, hindgut, and
unknown primary. Neuroendocrinology. 2008;87:47—-62.

9. Madoff DC, Gupta S, Ahrar K, et al. Update on the management
of neuroendocrine hepatic metastases. ] Vasc Interv Radiol. 2006;
17:1235-49.

10. Zhao ZM, Wang ], Ugwuowo UC, et al. Primary hepatic neuroen-
docrine carcinoma: report of two cases and literature review. BMC
Clin Pathol. 2018;18:3.

11. Quartey B. Primary hepatic neuroendocrine tumor: what do we
know now? World ] Oncol. 2011;2:209-16.

12. Pedrassa BC, Rocha EL, Kierzenbaum ML, et al. Uncommon hepatic
tumors: iconographic essay — Part 2. Radiol Bras. 2014;47:374-9.

13. van der Hoef M, Crook DW, Marincek B, et al. Primary neuro-
endocrine tumors of the liver: MRI features in two cases. Abdom
Imaging. 2004;29:77-81.

14. Yang K, Cheng YS, Yang ]J], et al. Primary hepatic neuroendocrine
tumors: multi-modal imaging features with pathological correla-
tions. Cancer Imaging. 2017;17:20.

15. Dromain C, de Baere T, Lumbroso ], et al. Detection of liver me-
tastases from endocrine tumors: a prospective comparison of soma-
tostatin receptor scintigraphy, computed tomography, and magnetic
resonance imaging. ] Clin Oncol. 2005;23:70-8.

16. Kawamoto T, Hishima T, Kimura K. Calcified liver metastases from
a non-functioning pancreatic neuroendocrine tumor. Clin J Gastro-
enterol. 2014;7:460—4.

17. Sommer WH, Zech CJ, Bamberg F, et al. Fluid-fluid level in hepatic
metastases: a characteristic sign of metastases of neuroendocrine
origin. Eur J Radiol. 2012;81:2127-32.

18. Kroncke TJ, Taupitz M, Kivelitz D, et al. Multifocal nodular fatty
infiltration of the liver mimicking metastatic disease on CT: imag-
ing findings and diagnosis using MR imaging. Eur Radiol. 2000;10:
1095-100.

19. Ronot M, Cuccioli F, Dioguardi Burgio M, et al. Neuroendocrine
liver metastases: vascular patterns on triple-phase MDCT are in-
dicative of primary tumour location. Eur ] Radiol. 2017;89:156-62.

20. Koh DM, Collins DJ, Wallace T, et al. Combining diffusion-weighted
MRI with Gd-EOB-DTPA-enhanced MRI improves the detection of
colorectal liver metastases. Br ] Radiol. 2012;85:980-9.

Radiol Bras. 2020 Mai/Jun;53(3):195-200



