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Introduction

Neuroendocrine tumors (NETs) are uncommon neoplasms
that exhibit notable neuroendocrine and neural differentiation
phenotypes. These tumors are believed to arise from
neuroendocrine cells distributed throughout the body. Primary
renal well-differentiated neuroendocrine tumors (PRN'Ts),
previously referred to as carcinoid tumors, represent an
exceedingly rare subtype of renal tumors, with an incidence of
only 0.13 per 1 million individuals (1,2).

In 2016, the renal tumor subcommittee reclassified
PRN'Ts under the endocrine tumors category, which also
includes small-cell neuroendocrine carcinomas, large-cell
neuroendocrine carcinomas, and paragangliomas (3). This
classification was reaffirmed in 2022 (4). The term carcinoid
is no longer used. The current knowledge of this disease
is primarily based on case reports, small series, and pooled
studies. The study by Nguyen ez /. in 2021 examined
166 cases from the Surveillance, Epidemiology, and End
Results (SEER) database for the years spanning 1973 to
2014 and reported a 5-year survival rate of approximately
50%, which was significantly lower than that of other
types of renal cancer (5). Nephrectomy with lymph
node dissection is considered the standard treatment for
localized PRN'Ts, which differs from other types of renal
cancer. Therefore, preoperative diagnosis of PRNTs holds

significant importance.

The diagnostic methods for NETs include computed
tomography (CT) and octreotide scans. However, no specific
radiographic features for PRN'TS have thus far been reported.
Octreotide scintigraphy has limited utility in PRNTs due to
the normal renal uptake of tracer material, which can obscure
suspicious lesions (6). In contrast, magnetic resonance
imaging (MRI) offers a more comprehensive imaging
modality for the differential diagnosis of renal tumors. In this
report, we present three cases of PRN'TS treated at the First
Affiliated Hospital of Ningbo University and summarize
their CT and MRI characteristics, aiming to enhance our
understanding of PRNTS.

Case presentation
Case 1

In June 2014, a 60-year-old female patient was admitted
to the outpatient department with a chief complaint of
persistent right lumbar back pain for 1 year. Upon physical
examination, right lumbar back pain was the only notable
finding. The patient did not report any significant past
medical history or a family history of tumors. Routine
laboratory tests, including complete blood count, urinalysis,
and tumor markers [alpha fetoprotein (AFP), carbohydrate
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Figure 1 Preoperative renal pathology photographs and CT and MRI scans were obtained for case 1 (the white arrows indicate the

neoplasm). (A) The plain CT scan demonstrated a slightly high-density (35 Hounsfield units) oval mass located in the upper pole of the

right kidney. (B) On T2-weighted MRI, the mass exhibited slight hypointensity with nonuniform internal signal intensity. (C,D) MRI

images revealed no signal decrease on the out-of-phase images compared to the in-phase images. (E) Diffusion-weighted imaging indicated

restricted diffusion within the tumor. (F-H) Contrast-enhanced MRI showed slightly heterogenecous enhancement within the tumor.

(I) Microscopic examination of the tumor tissue revealed clusters of closely arranged tumor cells with enlarged nuclei, hyperchromasia,

finely granular chromatin, and inconspicuous nucleoli (hematoxylin and eosin staining, 200x). CT, computed tomography; MRI, magnetic

resonance imaging.

antigen (CA) 19-9, and carcinoembryonic antigen (CEA)],
yielded normal results. A plain CT scan revealed a well-
defined, solid mass measuring 5.2 cm x 4.4 c¢m in size in
the upper pole of the right kidney. The tumor appeared
slightly hyperdense with a Hounsfield unit (HU) value of 35
(Figure 14). The tumor protruded from the renal
surface and was located close to the adrenal gland. MRI
showed that the lesion was predominantly isointense
on T1-weighted images and slightly hypointense on
T2-weighted images (Figure 1B). Out-of-phase MRI
demonstrated no signal loss compared to in-phase MRI
(Figure 1C,1D). Diffusion-weighted imaging (DWI)
revealed restricted diffusion within the tumor (Figure 1E).
During the delayed phase of contrast enhancement, the
tumor exhibited mild enhancement, which was lower
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than that of the adjacent renal parenchyma. The lesion
displayed heterogeneous signals, with punctate or flaky
areas of lower signal intensity (Figure 1F-1H). This
tumor was staged as TIbNOMO. The patient underwent
radical right nephrectomy and adrenalectomy to remove
the tumor in the upper pole of the right kidney, and no
perioperative complications were encountered. Gross
examination revealed a yellow or brown cut surface of
the tumor. Pathological examination revealed closely
arranged clumps or trabeculae of tumor cells. The tumor
cells exhibited small size and a round or spindle-shaped
morphology, demonstrating well-differentiated features
with scant cytoplasm, slight atypia, and indistinct cell
boundaries (Figure 11). The nuclei displayed finely granular
chromatin with inconspicuous nucleoli, and mitotic figures
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Figure 2 Preoperative renal pathology photographs and CT and MRI scans were obtained for case 2 (the white arrows indicate the
neoplasm). The CT scan revealed a circular nodule lesion with soft tissue density in the right kidney, specifically in the middle pole. (A)
The plain scan exhibited a CT value of approximately 45 HU, with evident calcification inside the lesion. (B-D) Dynamic contrast CT
enhancement demonstrated mild enhancement (49 HU) in the cortical and parenchymal phases and decreased enhancement (43 HU) in
the delayed phase. (E) On T2-weighted MRI, the mass appeared slightly hypointense. (F,G) Out-of-phase MRI signals did not show a
decreased signal compared to the in-phase MRI images. (H) No obvious fat composition was observed within the tumor. (I) Diffusion-
weighted imaging indicated restricted diffusion within the tumor. (J) A reconstructed coronal CT image demonstrated a clear perirenal fat
space, indicating no invasion of the perinephric fat tissue. (K) CT urography revealed no hydronephrosis. (L) Microscopic examination of
the tumor tissue revealed nests or trabeculae of tumor cells, with some arranged in an acinar pattern (hematoxylin and eosin staining, 400x).
The tumor cells exhibited round or spindle-shaped morphology, poor differentiation, and marked cellular atypia. The nuclear chromatin

appeared finely granular, and nucleoli were either absent or inconspicuous. CT, computed tomography; MRI, magnetic resonance imaging;

HU, Hounsfield unit.

were rare. Immunohistochemical analysis demonstrated
positive staining for synaptophysin (Syn), chromogranin A
(CgA), CD56, and Ki-67 (40%), confirming the diagnosis
of PRNT. The patient did not receive any adjuvant therapy
such as chemotherapy or immunotherapy. No recurrence
was observed at the most recent follow-up in November
2022 (100 months post-surgery).

Case 2

A 47-year-old female patient was admitted to the hospital
with a complaint of right back pain after engaging in
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physical activity for 4 weeks in April 2016. No other
abnormalities were reported. This patient had no significant
medical history or family history of tumors. Hemoglobin
levels were slightly decreased (98 g/L). Other laboratory
examinations, including complete blood count, urinalysis,
and tumor markers (AFP, CA15-3, CA19-9, and CEA),
were within normal limits. A CT scan revealed a circular
nodular lesion measuring approximately 2.9 cm x 3.5 cm
in size in the midpole of the right kidney. The lesion
appeared isodense (45 HU) on a plain CT scan, with focal
calcifications (Figure 24). Dynamic contrast enhancement
showed mild enhancement during the cortical (49 HU) and
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parenchymal (56 HU) phases and decreased enhancement
during the delayed phase (43 HU) (Figure 2B-2D).
Abdominal MRI revealed a well-defined oval lesion in
the midpole of the kidney, exhibiting similar imaging
characteristics to those of case 1, with isointense signals
on T1-weighted images and slight hypointensity on T2-
weighted images (Figure 2E). Out-of-phase MRI did not
demonstrate signal loss (Figure 2E2G), and no obvious fat
composition was observed within the tumor (Figure 2H).
DWI showed restricted diffusion within the tumor
(Figure 2I). Reconstructed coronal and sagittal CT images
demonstrated a sharply demarcated lesion (Figure 27). CT
urography demonstrated that the tumor was close to the
renal pelvis without evidence of hydronephrosis (Figure 2K).
There was no evidence of tumor thrombus in the renal vein,
regional lymph nodes, or distant metastases. The tumor
was classified as T1aNOMO according to the staging system.
The patient underwent radical right nephrectomy due to
the unfavorable location of the tumor. No perioperative
complications were noted. Pathological examination revealed
a tumor size of approximately 3.5 cm x 3 ¢cm x 3 c¢m in size.
The surgical margins were negative, and no invasion of
the renal capsule or pelvis was observed. The cut surface
displayed areas of necrosis and appeared brown in color. The
neoplastic cells were arranged in nests, trabeculae, and acinar
patterns, with occasional papillary structures (Figure 2L).
The tumor cells exhibited small size, round, or spindle-
shaped morphology, with well-differentiated features, scant
cytoplasm, indistinct cell boundaries, and slight atypia.
The nuclear chromatin was finely granular, and nucleoli
were absent or inconspicuous. Rare mitotic figures were
observed. Immunohistochemical analysis showed positive
staining for Syn and CD56, while CgA and Ki-67 (1%) were
negative. Pathological and immunohistochemical analyses
confirmed the diagnosis of PRNT. No adjuvant therapy,
such as chemotherapy or immunotherapy, was administered.
No recurrence or metastasis was detected at the last follow-
up in October 2022, 78 months after surgery.

Case 3

A 55-year-old woman was admitted to the First Affiliated
Hospital of Ningbo University after a right renal space-
occupying lesion was incidentally discovered during a regular
physical examination in January 2019. The patient did not
report any discomfort. The patient had no noteworthy medical
history or family history of tumors. Laboratory findings
revealed increased levels of total bilirubin (23.5 pmol/L) and
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indirect bilirubin (19.6 pmol/L), with a slight decrease in
albumin (34 g/L). Tumor markers (AFP, CA19-9, and CEA)
were within normal limits. A CT scan revealed an exophytic
circular tumor measuring approximately 2.7 cm x 3.4 cm in
size in the lower part of the right kidney. The tumor appeared
isodense (49 HU) on the plain scan, with mild enhancement
during the cortical (76 HU) and parenchymal (85 HU)
phases and decreased enhancement during the delayed phase
(64 HU) (Figure 34-3D). Reconstructed coronal and sagittal
CT images demonstrated a sharply demarcated lesion
(Figure 3E,3F). No evidence of tumor thrombus, regional
lymph node metastasis, or distant metastasis was found.
CT urography revealed no hydronephrosis (Figure 3G).
Due to the tumor being staged as T1aNOMO, the patient
underwent nephron-sparing radical nephrectomy, and no
perioperative complications occurred. Gross examination
of the tumor revealed yellow and brown cut surfaces.
Microscopically, the tumor cells exhibited diffuse growth
with few areas of local necrosis. The tumor cells displayed
round or fusiform shapes with minimal atypia. The nuclei
were enlarged and hyperchromatic, with fine granular
chromatin, and rarely showed nuclear division (Figure 3H).
Immunohistochemical analysis showed positive staining for
Syn and CD56, while CgA and Ki-67 (3%) were negative.
Pathological and immunohistochemical analyses confirmed
the diagnosis of PRNT. The patient did not receive any
adjuvant therapy, such as chemotherapy or immunotherapy,
and no recurrence or metastasis was observed at the final
follow-up in August 2022, 43 months after surgery.

All procedures performed in this study were in
accordance with the ethical standards of the Medical Ethics
Committee of The First Affiliated Hospital of Ningbo
University and with the Helsinki Declaration (as revised
in 2013). Written informed consent was obtained from the
patients for publication of the case report and accompanying
images. A copy of the written consent is available for review
by the editorial office of this journal.

Discussion

NETs originate from neuroendocrine cells that are widely
distributed throughout the body. Approximately 90%
of NETs arise in the digestive or respiratory tracts (7).
McGarrah et al. conducted a review of the SEER database and
estimated that the incidence of PRN'TS is exceptionally low, at
only 0.13 per million individuals (2). PRNTs are considered
extremely rare due to the absence of neuroendocrine cells
in the renal tissue (8). The histogenesis of PRN'Ts remains
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Figure 3 Preoperative pathology photographs and renal CT scans were obtained for case 3 (the white arrows indicate the neoplasm). (A)

A plain CT scan revealed an oval mass with isodensity located at the lower pole of the right kidney, exhibiting a CT value of approximately

49 Hounsfield units. (B-D) On dynamic contrast-enhanced CT, the tumor displayed moderate enhancement (76 HU) in the cortical phase

and parenchymal phase (85 HU), with decreased enhancement (64 HU) in the delayed phase. (E,F) Reconstructed coronal and sagittal CT

images demonstrated a sharply demarcated lesion. (G) CT urography revealed no hydronephrosis. (H) Microscopic examination of the

tumor tissue revealed diffuse growth and significant atypia of the tumor cells (hematoxylin and eosin staining, 20x). The nuclei appeared

enlarged and hyperchromatic, with finely granular chromatin. Nuclear divisions were visible, and no significant staining of the nucleoli was

observed. CT, computed tomography; MRI, magnetic resonance imaging; HU, Hounsfield unit.

uncertain, and the hypothesis that PRNTs arise directly
from neuroendocrine cells in the renal pelvic urothelium is
not widely accepted. There have been few reports of NETs
arising in the renal pelvis and extending into the kidney,
which are histologically and anatomically different from
PRNTs. The relative risk of PRNTS in a horseshoe kidney
compared to a nonhorseshoe kidney is approximately
62-82 times higher (9,10). This high association is likely due
to teratogenic events involving the abnormal migration of
posterior nephrogenic cells during embryogenesis, resulting
in the formation of the isthmus of horseshoe kidneys (9).
These neural crest tissues become entrapped within the
developing kidney, and the fact that all horseshoe kidney-
derived carcinoids are primarily located in the vicinity of
the isthmus strongly supports this theory (11). However, the
marker for developing metanephric tissue, PAX8, is negative
in PRNT5, supporting a nonnephrogenic origin (10). Only
approximately 12.8% of patients with renal neuroendocrine
carcinomas have neuroendocrine syndromes (11), indicating
a hindgut origin and the breakdown of secreted hormones
in the liver before reaching the systemic circulation.
Some reports on PRNTs have shown morphological and
immunohistochemical features consistent with the hindgut
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neuroendocrine phenotype (12), suggesting metastases from
an occult NET elsewhere in the body. The most popular
hypothesis, the totipotent cell hypothesis, states that PRNTs
arise from primitive stem cells capable of neuroendocrine
differentiation (13). However, direct evidence for this
hypothesis is currently lacking.

PRNTS typically occur in patients aged 50-70 years (14).
The average age of the three patients in this study was 55 years,
which is consistent with previous reports. PRNTs tend
to grow slowly and may remain asymptomatic for several
years. Neuroendocrine syndromes are reported in only
approximately 12.8% of patients with PRNTs (11), and none
of the three patients in this study exhibited such syndromes.
Other common symptoms include abdominal or loin pain,
hematuria, constipation, frequent urination, fever, and
weight loss (8). In this series, two out of the three patients
reported right back pain. On imaging examination, PRNTs
typically appear as unilateral, well-defined, solitary tumors.
Histopathological examination is the mainstay for diagnosis.
Grossly, PRNTs exhibit yellow or brown cut surfaces and
may show areas of hemorrhage, calcification, or necrosis.
Microscopically, PRNTs often display a trabecular, nested,
or ribbon-like growth pattern with peripheral palisading.
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Cytologically, the tumor cells exhibit fine granular “salt-
and-pepper” chromatin patterns. Immunohistochemical
markers such as CgA, Syn, neuron-specific enolase (NSE),
and CDS56 are valuable for diagnosing PRIN'Ts (15). Surgical
resection is the primary treatment for PRNT, and several
prognostic factors associated with a poor prognosis have
been identified, including age at diagnosis greater than
40 years, severe initial symptoms, tumor diameter greater
than 4 cm, tumor extension through the renal capsule, and
presence of metastasis at the initial diagnosis (16).

Due to their rarity and diverse imaging features,
the diagnosis of PRNTs using imaging techniques is
challenging. Based on previous reports and the cases
presented here, we summarize some major characteristics of
PRNTs. PRNTs are well-differentiated neoplasms that are
generally low-grade malignant cancers with slow growth
rates. On CT scans, PRNTs typically appear as solid or
cystic-solid, oval or lobulated, well-circumscribed masses.
Hemorrhage is commonly observed, and approximately
25% of PRNTs may contain calcifications (17). In this
study, case 2 exhibited calcification. According to research,
calcification is linked to the less aggressive behavior of
tumors, whereas hemorrhage and necrosis are associated
with invasive growth and a poorer prognosis (11). This may
partly explain why patients in this study experienced long-
term survival without tumor recurrence. Another significant
contributing factor is the early staging of the tumors. Lamb
et al. reviewed 85 cases of PRN'Ts and found that 29%
were hyperdense on CT scans, 55% were hypodense, and
15% were not specified. Among the enhanced cases, only
18% showed marked enhancement, and 14% showed mild
enhancement (1). In the cases reported here, the tumors
were solid masses without extensive necrosis or hemorrhage,
demonstrating typical imaging characteristics of PRNTs.
These characteristics, including mild enhancement in the
cortex and renal parenchyma phases, along with decreased
enhancement in the delayed phase, may be helpful in
differentiating PRNTs from clear cell RCCs (ccRCCs).
Typically, ccRCCs with a rich blood supply show significant
heterogeneous enhancement and washout. The imaging
features of PRNTs are indeterminate and overlap with
those observed in papillary and chromophobe RCCs. The
mild and decreased enhancement in PRIN'TS is likely related
to poor blood supply. However, not only can the imaging
features of PRNTs simulate papillary RCCs, but the
occasional pathological appearance of PRN'TS can also lead
to misdiagnosis (18).

On noncontrast MRI, the PRNTs in this study cohort
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appeared isointense on T1-weighted images and slightly
hypointense with heterogeneous internal signals on T2-
weighted images. In contrast, ccRCCs typically show
isointensity to hypointensity on T1-weighted images and
hyperintensity on T2-weighted images, although larger
ccRCCs may exhibit heterogeneous signal intensity due to
necrosis and hemorrhage. The hypointense signals on T2-
weighted images in PRN'Ts differ from those in ccRCCs.
The signal characteristics of PRN'Ts, appearing isointense
on T1-weighted images and slightly hypointense on T2-
weighted images, are similar to those of papillary RCCs
and chromophobe RCCs (19). Halefoglu ez al. found that
the presence of a predominantly papillary architecture
in papillary RCCs, but not other factors such as ferritin,
fresh blood, fibrosis, calcifications, or a high nucleus-to-
cytoplasm ratio, correlated with a hypointense appearance
on T2-weighted MRI (19). The trabecular, nested, or
ribbon-like growth pattern with peripheral palisading in
PRNTs may also correlate with a hypointense appearance
on T2-weighted images, but further studies are needed
to confirm this hypothesis. To our knowledge, no study
has yet reported the sensitivity and specificity of tumors
on T2-weighted images in differentiating PRNTs from
ccRCCs. In our series, out-of-phase MRI signals showed
no reduction compared to in-phase MRI due to the lack
of fat content, and restricted diffusion was identified on
DWI. These manifestations are not unique to PRNTs
and can be present in various tumors. The tumors showed
slight enhancement during the delayed phase of contrast-
enhanced MRI, which was lower than that of the adjacent
renal parenchyma. Additionally, the signals appeared
nonuniform within the lesion, and punctate or flaky
lower signals could be observed. These enhanced MRI
characteristics were consistent with the features observed
on enhanced CT scans, suggesting arterial insufficiency.
Similarly, hypovascular or avascular lesions on renal
angiography typically indicate deficient blood supply to
the tumor parenchyma in PRNTs (6). The presence of
evident hemorrhagic or necrotic areas in PRN'TS indicates
heterogeneity, making differential diagnosis difficult.
Octreotide scintigraphy is a commonly used method for
diagnosing and staging gastrointestinal NETs. However,
its applicability to PRNT5s is limited due to a well-known
limitation: the normal uptake of renal tracer can mask
suspicious lesions (6). Therefore, octreotide scans could
potentially be used as an additional tool for staging and
monitoring metastatic PRNTs or for discovering NETs in
other sites. The main limitation of this case report was the
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lack of octreotide scintigraphy.

Conclusions

Currently, there are a limited number of reports focusing
on the imaging characteristics of PRNTs. Thus, this
study provides valuable insights into the understanding of
PRN'Ts. Based on the existing literature and the analysis of
three cases, PRN'Ts typically present as well-defined round
masses with solid or cystic-solid composition on CT scans,
and in some cases, they may show calcification. On MRI,
PRN'Ts exhibit isointense signals on T1-weighted imaging
(T1WI) and hypointensity on T2-weighted imaging
(T2WI), resembling the signal characteristics observed
in papillary and chromophobe RCCs, which helps to
distinguish them from ccRCCs. Contrast-enhanced CT and
MRI scans reveal mild enhancement during the cortex and
renal parenchymal phases, which is followed by decreased
enhancement in the delayed phase, suggesting compromised
blood supply. This paper reports three cases of PRNTS,
contributing to the clinical documentation of this rare
disease. Particularly noteworthy is the fact that all cases
presented as low-stage tumors with typical imaging features,
free from confounding factors such as necrosis. These
findings enhance the understanding of the radiological
diagnosis of PRNTs.
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