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ABSTRACT

Objectives: Neuroendocrine tumors (NETs) are uncommon tumors that exhibit a wide range of neuroendocrine
differentiation and biological behavior. Primary NETs of the kidney, including carcinoid tumor, small cell carcinoma
(SCC), and large cell neuroendocrine carcinoma (LCNEC) are exceedingly rare.

Materials and Methods: The clinicopathologic features of renal NETs diagnosed at a single institution were reviewed along
with all reported cases in the worldwide literature.

Results: Eighty renal NETs have been described, including nine from our institution. Differentiation between renal NETs
and the more common renal neoplasms (renal cell carcinoma, transitional cell carcinoma) can be difficult since clinical,
radiographic, and histopathologic features overlap. Immunohistochemical staining for neuroendocrine markers, such as
synaptophysin and chromogranin, can be particularly helpful in this regard. Renal carcinoids are typically slow-growing,
may secrete hormones, and pursue a variable clinical course. In contrast, SCC and LCNEC often present with locally
advanced or metastatic disease and carry a poor prognosis. Nephrectomy can be curative for clinically localized NETs,
but multimodality treatment is indicated for advanced disease.

Conclusions: A spectrum of NETSs can rarely occur in the kidney. Renal carcinoids have a variable clinical course; SCC
and LCNEC are associated with poor clinical outcomes. Diagnosis of NETs, especially LCNEC, requires awareness of their
rare occurrence and prudent use of immunohistochemical neuroendocrine markers.
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INTRODUCTION

Neuroendocrine tumors (NETs) are rare neoplasms
that share a phenotype notable for neuroendocrine
and neural differentiation.!” Although previous studies
have suggested a neural crest origin for all NET's, more
recent studies have demonstrated that a few have
embryologic origin from the neuroectoderm.!’ NETs
can arise from any tissue or organ, including organs that
do not normally contain neuroendocrine cells."! NETs
can be subdivided into epithelial and neural types,
both of which express a common set of neuroendocrine
markers, including synaptophysin. Neural-type
NETs include neuroblastomas, paragangliomas
and pheochromocytomas. The classification of
epithelial-type NETs is controversial, however, and
the nomenclature depends upon the anatomic site of
origin. Nevertheless, it has been recognized that NETs
represent a spectrum of diseases with a varying degree
of biological potential, including well-differentiated
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NET (carcinoid), well-differentiated neuroendocrine
carcinoma, poorly differentiated neuroendocrine carcinoma
(large cell neuroendocrine carcinoma (LCNEC)), and small
cell carcinoma (SCC).*3) NETs may occur in pure forms
or may be admixed with non-endocrine components,
such as adenocarcinoma or squamous cell carcinoma. The
majority of the references to NETs in the literature describe
epithelial- type NETs.

The clinical behavior of NETSs is heterogeneous and can
be difficult to predict based on histology alone. In general,
patients with well-differentiated NETs fare better than those
with poorly-differentiated NETs. Many well-differentiated
NETs are cured by surgical resection alone, although some
well-differentiated NETs can pursue an aggressive clinical
course. In contrast, poorly differentiated NETs are uniformly
aggressive and often fatal.

Renal NETs are exceedingly rare and have been reported
as case reports in the literature. Carcinoid tumors of the
kidney are unusual because neuroendocrine cells are
not found within normal renal parenchyma. The first
reported case of a renal carcinoid tumor was over 40 years
ago. Ever since, only 62 cases have been reported in the
English language literature including six cases from our

| April-June 2009 |



Lane et al.: Renal neuroendocrine tumors

institution*” Primary renal SCC not associated with renal
pelvic urothelial carcinoma is even rarer, with 18 cases
reported in 13 studies.”"¥ Only one case of LCNEC has
been reported in the literature so far.[”? The clinical behavior
of renal NETs remains unclear due to the rarity of these
lesions. In this article, we review the histogenesis, the
clinicopathological characteristics, prognostic factors and
outcomes of these tumors based on previously published
studies.

MATERIALS AND METHODS

A literature search for all articles listed in MEDLINE
since 1966 was performed in 2007 using the key words:
“Neuroendocrine tumor”, “carcinoid”, “small cell
carcinoma”, or “large cell neuroendocrine carcinoma”
and “renal” or “kidney”. Epidemiological, clinical,
diagnostic, histopathological, therapeutic and prognostic
data were evaluated. The surgical pathology database at
the authors’ institute was queried for any renal neoplasm
that was diagnosed as carcinoid tumor, neuroendocrine
carcinoma, SCC, or had immunohistochemical stains
positive for neuroendocrine immunohistochemical stains

(synaptophysin, chromogranin, CD56).
DISCUSSION

Pathogenesis

The pathogenesis of primary NETs of the kidney is still
controversial. Neuroendocrine cells have been identified in
the renal pelvis but not in the normal renal parenchyma.!'*
Different theories support the fact that NETs arise from
primitive totipotential stem cells that subsequently
differentiate in a neuroendocrine direction. Several
mechanisms have been used to explain the origin of such
tumors, including metastasis from an occult primary tumor
site to the kidney, activation of aberrant gene sequences
in a totipotential stem cell line that differentiates into
aberrant neuroendocrine tumor cells, and concurrent renal
congenital abnormalities!"*! El-Naggar et al., reported a
loss of heterozygocity at one locus on Chromosome 3p21
in one case of carcinoid tumor and suggested that this
anomaly (which is frequent in renal cell carcinoma (RCC))
is a preliminary event that is common to all renal neoplasms
including carcinoid tumors." NETSs, essentially carcinoid
tumors, are frequently associated with horseshoe kidney
and teratomas. Romero et al., reported horseshoe kidney
in 10 patients (17.8%) and renal teratomas in eight patients
(14.3%) concomitantly with carcinoid tumors.> In our
series, three patients with carcinoid tumors had horseshoe
kidney.”? NETs in a horseshoe kidney were located in
midportion of one moiety or the vicinity of the isthmus. This
association is likely due to teratogenic events involving the
migration of the posterior nephrogenic cells which coalesce
to form the isthmus.
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Classification

NETs can have a variable degree of neuroendocrine
differentiation based on morphological,immunohistochemical,
and ultrastructural studies, and are best studied in the
gastrointestinal tract and lung. The nomenclature used in
the classification of NETs located in different anatomic sites
remains controversial ) Much of this debate focuses on the
use of “carcinoid”, as the term may imply a benign nature,
even though some carcinoid tumors exhibit aggressive clinical
behavior. In some organ systems, “low-grade neuroendocrine
tumor” has been used instead of “carcinoid” to avoid potential
confusion. Nevertheless, pathologists and clinicians have
become increasingly aware that NETs constitute a spectrum
of disease with a wide range of biological behavior, and
pathological terminology may not fully reflect clinical
outcomes, especially for low-grade NETs.

Prevalence

Renal NETs are extremely rare. There have been 62 renal
carcinoid tumors and 18 renal SCC reported so far in
the English literature.”#! Only one LCNEC has been
reported to our knowledge.”! We reported nine cases of renal
neuroendocrine neoplasms, including six carcinoid tumors,
two SCC and one LCNEC, which accounted for 0.3% of all
the primary renal tumors encountered at our institution
during a seven-year period.”!

Epidemiology

The peak age of incidence for NET is between the fifth
and sixth decades. Older age, notably older than 40 years,
was found to be significantly related to advanced disease at
diagnosis and subsequent worse prognosis. The distribution of
NETs reflects no predilection to either gender. Nevertheless,
carcinoid tumors in horseshoe kidneys are more frequently
reported in men, likely reflecting the higher prevalence of
horseshoe kidneys in male patients.™

Clinical features

Carcinoid tumors tend to grow slowly and may remain
silent for many years before manifesting any symptoms.
A diagnosis of carcinoid tumor is rarely suspected in patients
with renal cortical neoplasms prior to surgery as the clinical
features of these patients are similar to those with other
renal neoplasms, with the exception of a disproportionate
number occurring in horseshoe kidneys (17.8% of previously
reported cases™ and three of six carcinoids in our series™).
These tumors may present with flank or abdominal pain,
hematuria, weight loss, or abdominal mass, but about 27%
of patients are detected incidentally.

Carcinoids have the potential to secrete hormonal substances
and to induce neuroendocrine syndromes. Carcinoid
syndrome characterized by flushing, dyspnea, diarrhea, is the
most common form.!"> Other syndromes are rare and include
one case of oncocytic carcinoid tumor presenting with episodic
Cushing syndrome due to ectopic adrenocorticotrophic
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hormone secretion (ACTH) secretion,! one case of watery
diarrhea — hypokalemia — achlorhydia due to vasoactive
intestinal peptide secretion,'” and a case of symptoms related
to glucagon secretion by tumor.'® Clinically documented
neuroendocrine syndromes have been reported in 12.8% of
patients with carcinoid tumors, but none of our patients
presented with such syndromes.

Our review of the currently published literature confirms
that renal SCCs are highly aggressive tumors, as is renal
LCNEGC, like their counterparts in other anatomic sites.
These patients often present with locally advanced disease
and may have distant metastases with associated symptoms.
Despite multi-modality treatment, the prognosis is usually
dismal and patients often succumb to the disease shortly after
diagnosis. SCCand LCNEC may respond to chemotherapy that
improves patient’s survival, however, making it important for
pathologists to recognize and diagnose these tumors.

Macroscopic features
NETs are usually unilateral and solitary. Carcinoid tumors
typically have a well-circumscribed yellow or tan brown
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cut surface with some foci of hemorrhage, calcification or
necrosis. Rarely, they may present with a grossly diffuse
necrotic, multilobulated and hemorrhagic friable cut surface
[Figure 1]. Necrosis and multilobulation are more frequently
seen in SCC and LCNEC.

Microscopic features

Renal carcinoid tumors typically present with a trabecular or
ribbon-like growth pattern along with peripheral palisading.
This leads to the typical rosette-like arrangement which is
characteristic of these tumors [Figure 2]. Cells are polygonal
with homogenous chromatin repartition and round to
oval nuclei. Rare mitotic events are usually seen (<2 per
high- power fields HPF). Necrosis is usually lacking.!"’!
However, the occasional pseudo-papillary appearance of
carcinoid tumors may lead to misdiagnosis.">!’! In our
study, one renal carcinoid was initially misdiagnosed as
papillary tubular carcinoma and the diagnosis was changed
to carcinoid tumor only after a metastatic carcinoid tumor
was found in the liver.? Of the reported cases in the
medical literature 14.5% were initially misdiagnosed
histopathologically because of the rarity of such tumors and

Figure 1: (a) Renal carcinoid tumor. Grossly it forms a circumscribed mass with a yellow cut surface with foci of hemorrhage. (b) Occasionally, it can have a hemorrhagic
and friable cut surface. (c) Microscopically it comprises ribbon and trabeculae of uniform tumor cells, (d) which are positive for synaptophysin immunostain
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Figure 2: Small cell carcinoma (a) has tumor cells with scant cytoplasm, finely
granular chromatin with inconspicuous nucleoli, high mitotic rate and tumor
necrosis. Large cell neuroendocrine carcinoma (b) has a solid growth pattern,
large zone necrosis, large cell size, low nuclear to cytoplasmic ratio, vesicular
chromatin, and frequent mitosis

the lack of a fully blown neuroendocrine syndrome. Only
after retrospective analysis, were these tumors characterized
as carcinoid tumors. Necrosis, calcification and hemorrhage
are often identified in carcinoid tumors. While necrosis and
hemorrhage are associated with a more aggressive course
and a poorer prognosis, calcification is considered a stigmata
of long-term tumor growth and is associated with a more
indolent course.!™ None of these differences were proven
to be statistically significant.!”

LCNEC has a typical neuroendocrine growth pattern
(organoid nesting, palisading, rosettes, trabeculae), a mitotic
rate >2 per 10 HPF, large zone necrosis, cytological features
of non-small cell carcinoma (large cell size, low nuclear
to cytoplasmic ratio, vesicular or fine chromatin, and/or
frequent nucleoli), and positive immunohistochemical
staining for one or more neuroendocrine markers.”? SCC
has tumor cells with scant cytoplasm, finely granular
chromatin with inconspicuous nucleoli, high mitotic rate
and frequent large zone necrosis. LCNEC can be difficult
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to diagnose and can be mistaken for a high-grade renal cell
carcinoma, or urothelial carcinoma, as the morphology
overlaps between these entities. A correct diagnosis relies
on the awareness of the occasional occurrence of LCNEC
in the kidney and careful sampling of atypical tumors.
Extensive sampling often will reveal areas with histological
features characteristic for RCC or urothelial carcinoma in
an otherwise poorly differentiated RCC. In these cases,
immunostains for neuroendocrine and renal markers are
required to establish the diagnosis. The expression of these
markers has not been studied in renal LCNEC, but has
been studied in LCNEC and neuroendocrine carcinomas
of other organs. LCNEC is positive for at least one of the
neuroendocrine markers (synaptophysin, chromogranin
and CD56), but rarely positive for CD10.2°?2 In contrast,
RCC and urothelial carcinoma is often positive for CD10,
but negative for neuroendocrine markers.?>?2! Therefore, a
combination of neuroendocrine markers and CD10 will help
establish a diagnosis of renal LCNEC. In the one reported
case of renal LCNEG, tumor cells were diffusely positive for
synaptophysin, but negative for CD10. Synaptophysin seems
to be the most sensitive marker for diagnostic confirmation
of a renal NET. Prostatic Acid Phosphatase positivity has
been reported in some cases of carcinoid tumors but Prostatic
Specific Antigen is negative.''¥ Vimentin and S100 are also
negative. In our previously published series, synaptophysin
was positive in all renal NETs, including carcinoid tumors,
SCC and LCNEC. Other markers were less sensitive in our
study, including chromogranin, which was positive in one
of three SCC/LCNEC, and negative in four of four carcinoid
tumors. A recent meta-analysis of the neuroendocrine
markers in renal carcinoid tumors in published case reports
demonstrated 100% (15/15) sensitivity for synaptophysin,
and 97.2% (34/35) sensitivity for chromogranin.'™ The
difference in chromogranin sensitivity in our study may
reflect a difference in the laboratory protocols.”’

Radiological findings

Several radiographic findings are commonly present in
carcinoid tumors, including no or minimal enhancement,
heterogeneity, and calcifications, which were present in
75%, 60%, and 26% of reported lesions, respectively !1>22€]
These findings are neither sensitive nor specific for
renal carcinoid tumor and cannot distinguish these
tumors from RCC. Typically, carcinoid tumors present
with a well-circumscribed, non-enhancing or slightly
enhancing mass on computed tomography (CT) with a
solid component.?®! Cystic components or calcifications
may be present in some cases. The typical finding on
renal angiography is a hypovascular or avascular lesion.
Somatostatin scintigraphy is useful for diagnosis, staging, and
monitoring for the development of recurrence or metastases
of NETs after treatment. It has been reported to be a sensitive
diagnostic tool, as 85% of primary carcinoid tumors and
metastases have high affinity for somatostatin. One limiting
aspect of octreotide scintigraphy is that the tracer material is
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taken up by the normal renal parenchyma, which may lead
to an underestimation of potentially suspicious lesions.

Staging

Renal carcinoid tumors, although considered to be low- grade
NETS, can pursue an aggressive clinical course. Patients with
primary renal carcinoid tumors frequently present with
metastatic disease (45.6% of reported cases) and the risk
of metastasis is directly related to the size of the primary
tumor.™™ This can be explained by the fact that carcinoid
tumors develop in a potentially expandable space; the
retroperitoneum. In our series, two of five patients with
renal carcinoids developed lymph node or distant metastases,
including one patient with liver metastases after complete
resection of a 4.5-cm carcinoid tumor confined to the kidney.
The other patient had synchronous bilateral disease with a
6-cm tumor in the left kidney, two pathologically-proven
locoregional lymph node metastases, and three tumors (0.6-
3.5 cm) in the right kidney. It is not clear whether this patient
had bilateral primary tumors or the tumors in the right kidney
were metastatic from the larger tumor in the left kidney,
although the tumors from both kidneys were histologically
identical and the patient lacked clinical or radiographic
evidence of other metastases, including an octreotide scan.
The pathologic findings that have been associated with
metastasis are large tumor size, high mitotic rate (>1 per
10 HPF) and lack of confinement to the kidney.!">*! In our
series, however, none of the carcinoids had any appreciable
mitosis. One carcinoid tumor with hepatic metastasis was
organ-confined (Stage T1b), and the other tumor with
synchronous contralateral carcinoid tumors and lymph
node metastases extended out of the kidney. Therefore,
the histological features are unreliable in predicting the
biological nature of renal carcinoid tumors and all patients
should undergo rigorous oncologic surveillance.

Evaluation after diagnosis

After initial diagnosis, octreotide scintigraphy is the most
important primary investigation. Serum chromogranin and
5-HIAA should be requested even in the absence of an overt
carcinoid syndrome to evaluate for this condition. These
tumor markers can also help monitor tumor progression
or relapse after treatment. Ultrasonography is the single
most sensitive diagnostic tool to diagnose liver metastases,
especially when combined with biopsy. CT and magnetic
resonance imaging are both needed to identify lymph node
metastases and pulmonary metastases.

Treatment

Surgical excision with regional lymph node dissection has
been proven to be curative for renal carcinoid tumors and
low-stage renal NETs of other histology. Nephrectomy
should be viewed as the primary mode of therapy for these
patients, but many will require additional treatments for
the best chance at cure. In the reviewed literature, 47% of
patients who underwent nephrectomy for renal carcinoids
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were disease-free after a mean follow-up of 43 months.™
Unfortunately, SCC and LCNEC often present with extra-
renal extension and may not be amenable to complete
resection. Due to the rarity of these tumors, no standard
treatment has been approved for locally advanced or
metastatic disease.”” In cases with liver metastases treatment
is controversial, as nephrectomy rarely cures the disease but
may help to relieve symptoms. Systemic and trans-arterial
chemotherapy have been used in some patients with NETs
with liver metastases.”””) Residual local disease can be treated
with radiotherapy, and chemotherapy with platin-based
agents can be used for treatment or palliation in the setting
of metastatic disease. Although multimodality treatment
appears to be warranted, outcome in the three patients with
SCC or LCNEC in our series has been suboptimal despite
this approach.”

Prognosis

In our study, four of five patients with carcinoid tumors
were free of disease at the most recent follow-up.”! These
results compared favorably with the combined reported
63% cancer-free survival at 34 months follow-up (median),
but are limited by the small number of cases, more limited
follow-up (median: Nine months), and smaller average tumor
size (4.8 cm) compared with the 56 previously reported cases
(8.4cm).™1n fact, three major prognostic factors have been
identified for patients with renal carcinoids.'™ Age above
40 years is associated with a more rapid progression and a
more severe initial presentation. Tumors measuring less than
4cm or confined to the renal parenchyma tend to metastasize
less and thus are associated with a better prognosis. Purely
solid tumors and those with a mitotic rate higher than
1/10HPF have also been reported to be associated with a
worse prognosis.!'”

CONCLUSION

In summary, a spectrum of NETSs can occur in the kidney.
Renal carcinoids have a variable clinical course, and SCC and
LCNEC are associated with poor clinical outcomes. Diagnosis
of NETs, especially LCNEC, requires keen awareness of
their rare occurrence in the kidney and prudent use of
immunohistochemical neuroendocrine markers.
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