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Abstract
Background—Patients with von Hippel-Lindau disease (VHL) commonly develop pancreatic
cysts and neuroendocrine tumors (PNETs). Solid microcystic serous adenoma (SMSA), a rare
tumor described in VHL patients, can be mistaken for PNET on imaging.

Methods—Clinical, pathologic and radiologic data were reviewed on VHL patients who
underwent surgery for a pre-operative diagnosis of PNET since 1994 at one institution. Blinded to
the pathological diagnoses, radiologists reassessed available imaging.

Results—For 55 patients, 79 pancreatectomies were performed for presumed PNETs. Ten
(18.2%) patients underwent 12 (15.2%) resections for tumors diagnosed as SMSA on final
pathology. The average size of a SMSA leading to surgery was 3.6 ±0.4 cm. Four out of 11
SMSAs were still mistaken for PNETs when imaging was reassessed. Mean FDG-PET SUV was
higher for 17 PNETs (12.1 ±1.2) compared to 6 SMSAs (4.2 ±0.5; p=0.002). The mean doubling
time of SMSAs and PNETs was similar. Seven (15.2%) patients with pathologically-proven
PNETs had malignant disease.

Conclusions—SMSAs can mimic PNETs on non-functional imaging; FDG-PET may help
differentiate them. A high index of suspicion is needed to minimize operations performed for
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SMSA and to counsel VHL patients of their risks of undergoing surgery for a lesion with no
known malignant potential.

Introduction
With an incidence of approximately one in 36,000 newborns, von Hippel-Lindau (VHL)
disease is an autosomal dominant multi-system cancer syndrome resulting from a germline
mutation of the VHL tumor suppressor gene on the short arm of chromosome 3 (3p25-26).
[1] With a penetrance of 90% by 65 years of age, patients with VHL develop various benign
and malignant tumors, including hemangioblastomas of the brain and spinal cord (10–72%),
retinal hemangioblastomas (25–60%), endolymphatic sac tumors (10%), renal cysts and
renal cell carcinomas (RCC) (25–60%), pheochromocytomas (10–20%), and solid and cystic
pancreatic tumors (35–70%).[1]

Pancreatic neuroendocrine tumors (PNETs) are found in up to 17% of VHL patients.[2, 3]
Most VHL-associated PNETs are non-functional, and most are benign, whereas non-VHL
associated PNETs have a higher rate (60–70%) of malignancy.[4, 5] The primary goal in the
management of VHL patients is to prevent the development of metastatic disease while
minimizing morbidity. Since the majority of VHL-associated PNETs do not become
malignant, and given that these patients are at risk of developing recurrent pancreas tumors
as well as other malignant (RCC) and benign but life-impacting tumors (e.g., spinal and
brain hemangioblastomas), an individualized approach is used for VHL patients with PNETs
to minimize morbidity and potentially unnecessary surgeries. We had previously
recommended resecting VHL-associated PNETs if (1) the tumor is ≥ 3 cm, (2) if the tumor
is ≥ 2 cm in the head of the pancreas to allow a chance at an enucleation rather than a
pancreaticoduodenectomy, or (3) the patient is undergoing laparotomy for other elective
procedures such as nephrectomy.[6] Besides a larger size, other factors that appear to be
associated with an increased risk of malignancy in VHL patients with PNETs include a more
rapidly growing tumor with a doubling time of less than 500 days and a germline VHL gene
mutation in Exon 3.[2] Furthermore, since RCC is the major life-limiting malignancy in
VHL patients, the status and management of a patient’s RCC should factor strongly in the
management scheme of their PNET. Overall, a multidisciplinary approach must be used for
VHL patients.

Generally asymptomatic, pancreatic cysts occur in the majority of VHL patients and rarely
needs treatment. Referred to as “VHL-associated serous cystic neoplasm” (WHO
classification[7], Box 1), these lesions are indistinguishable at the histological level from
serous cystic tumors occurring sporadically. Salient histological features include a single
layer of cuboidal epithelial cells with glycogen-rich clear cytoplasm organized in cysts filled
with serous fluid.[7] In VHL patients, serous cystic neoplasms can involve the pancreas in
either a diffuse or patchy fashion. The most frequent forms of pancreatic “serous adenoma”
in patients with VHL are (1) the classical microcystic cystadenoma, a well-circumscribed,
sponge-like lesion filled by microscopic cysts arranged around a central, dense fibronodular
scar from which thin fibrous septa radiate to the periphery, and (2) the macrocystic variant,
also referred to as oligocystic or ill-demarcated serous adenoma[8], composed of
macroscopically visible large cysts lying within a fibrous stroma that lacks a central stellate
scar. A microcystic adenoma may not have a central scar and can be formed by the smallest
cysts, arranged in dense acini with minute or absent lumen, conferring the lesion a solid
gross appearance. The WHO entity of “solid serous adenoma” refers to a lesion as such,
reported to occur sporadically in non-VHL patients[9]. To emphasize the microcystic nature
of some serous adenomas seen in VHL pancreata[10] and to convey the clinically-
significant solid appearance of the densest lesions, we herein use the term “solid microcystic
serous adenoma” (SMSA), a variant that could be included within the broader WHO
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classification of “VHL-associated serous cystic neoplasm”. Because these SMSAs are richly
vascularized and have dense solid appearance, they can be mistaken for PNETs on imaging
scans.[11] Over the years, we have occasionally observed a clinical conundrum in some
VHL patients who have large growing tumors with radiologic workup consistent with
PNETs which were then resected with final pathology showing that the targeted lesions were
SMSAs.

In order to clarify how often SMSAs could be mistaken for PNETs pre-operatively in
patients with VHL disease, we reviewed our experience with patients who underwent
pancreatic resections for solid pancreatic lesions thought to be PNETs over a period of
nearly 17 years at our institution. By detailing and contrasting SMSA and PNET imaging
characteristics, growth rates, and clinical and histopathological features, we aim to help
clinicians involved in the care of VHL patients to differentiate between the two entities to
minimize the frequency of operations performed for SMSAs which at this point have no
known malignant potential. To our knowledge, this is the most comprehensive series with
clinical, pathological and radiologic correlations on SMSAs published thus far from one
institution.

Patients and methods
From September 1994 to May 2011, 55 patients with VHL underwent pancreatectomies at
the National Institutes of Health Clinical Center for lesions with a presumptive diagnosis of
PNET. A prior publication reported on 39 of these patients.[2] All patients were treated on
natural history and tissue procurement protocols approved by the National Cancer Institute
Institutional Review Board. Patients underwent comprehensive pre-operative screening and
follow-up evaluations, which included a complete history and physical examination,
computed tomography (CT) of the chest, abdomen and pelvis, abdominal and brain
magnetic resonance imaging (MRI), 18F-fluorodeoxyglucose positron emission tomography
(18F-FDG-PET, as clinically indicated since 2005 and routinely since 2009), and laboratory
studies (including those to screen for functional tumors such as pheochromocytomas). Each
patient was evaluated by a multidisciplinary team which included genetic counselors,
urologic surgeons, endocrine surgeons, otolaryngologists, neurosurgeons, and others as
needed depending on the patient’s clinical status. VHL germline mutations were determined
by quantitative Southern blotting to detect gene rearrangements and by complete gene
sequencing as described previously.[12] Follow-up generally included yearly laboratory
tests and CT scans of the chest, abdomen and pelvis and other imaging modalities as needed
depending on the disease manifestation.

Pre-operative diagnosis of PNET was made based on CT and/or MRI characteristics.
Decisions to perform resections for PNET were based on criteria outlined previously.[2, 6]
In general, solid lesions in the body and tail of the pancreas were resected when they
reached a diameter of ≥ 3 cm or when they reached ≥ 2 cm in the head of the pancreas. Intra-
operative ultrasound was used routinely.

For the 55 patients in this series, all pathology reports and histology slides were reviewed
for confirmation of diagnosis of SMSA or PNET (S.B. and M.Q.). In addition to
chromogranin A and synaptophysin, additional staining for pan-cytokeratin (AE1/AE3),
epithelial membrane antigen, Masson’s Trichrome, CD31, Ki67 and CD10 was performed to
better characterize SMCA using clinical grade reagents and appropriate controls.
Correlations of tumors found during surgery and pathology with radiological findings were
established by reviewing operative notes, pathology reports and slides, and radiology reports
and images concurrently (S.T. and G.Q.P.). Blinded to the pathological diagnoses but aware
some lesions may be SMSAs and not PNETs, radiologists (B.T. and P.L.C) reviewed all
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available digitalized pre-operative CT and MRI scans (since 1998). For each solid lesion, the
arterial enhancement on CT was qualified as homogeneous or heterogeneous and T2-
weighted MRI characteristics as iso-intense, moderate or bright; a radiological diagnosis of
PNET, SMSA, or uncertain was then made. The longest perpendicular diameters per lesion
were recorded and compared to the oldest available corresponding scan for calculation of
tumor doubling time, [Ti × log2]/[3 × log (Di/Df)], where Ti represented the time interval in
days, Di the initial longest diameter, and Df the final longest diameter. For 18 patients who
had pre-operative 18F-FDG-PET scans, maximum standardized uptake values (SUV) were
calculated on targeted lesions (C.M.).

Statistical analyses were performed on GraphPad Prism software version 5.04 (La Jolla, CA)
to calculate 2-sided p-values (P2) with Fisher’s exact test when comparing proportions and
with Mann-Whitney for comparison between groups.

Results
For 55 patients with VHL, a total of 79 pancreatic resections were performed for lesions
thought to be PNETs based on pre-operative imaging; one patient had two separate
pancreatectomies within a four-year interval (Table 1). Overall, half of the resections were
enucleations. Three total pancreatectomies were performed when the residual pancreas was
entirely replaced by cysts and degenerative changes and not suitable for pancreatico-enteric
anastomoses. SMSA was the final diagnosis for 12 pancreatectomies (15.2% of
pancreatectomies) performed for tumors assumed to be PNETs in 10 patients (18.2% of
patients). The mean radiological size of the SMSAs that led to surgery was 3.6 ± 0.4 cm
(median 3.2 cm; range 2.0 to 5.4 cm) on imaging studies, compared to 2.6 cm (median 2.4
cm; range 1.4 to 7.0 cm) for patients with PNETs alone (P2 = 0.004). As seen in Table 2, in
nine patients (16.4% of patients), SMSA was the dominant and the only clinically relevant
pre-operatively identified solid lesion that led to surgery. In one patient (Table 2, Patient 1),
in addition to the dominant and clinically relevant SMSA tumor, a concurrent PNET was
also found (and also identified pre-operatively) that would have met the established criteria
for resection in addition to the SMSA tumor. Of all 10 patients with SMSA on the final
diagnosis of targeted lesions, six did not have a concurrent PNET in the surgical specimen
after extensive re-sampling while three had small foci of PNETs that would not have
justified a pancreatectomy (Table 2, Patients 3, 4 and 5). Available preoperative serum
chromogranin A levels were not significantly different between eight patients with PNETs
(median 138 ng/ml, range 76 to 1105 ng/ml) and five with SMSA (median 135 ng/ml, range
98 to 326 ng/ml).

None of the 10 SMSA patients developed a metastasis from a pancreas tumor, but with long-
term follow-up, four patients who had SMSAs without concurrent PNETs have new solid
pancreas tumors of undetermined pathological diagnosis. Three patients developed RCC,
and one died due to RCC progression (Table 2). For the patients with pathologically-
confirmed PNETs, the majority had tumors which were Grade 1 according to the WHO/
European Neuroendocrine Tumor Society proliferation grading system) with < 2 mitoses per
10 HPF or Ki-67% index of ≤ 2% (Table 1). There were no Grade 3 tumors. Seven (15.2%)
out of the 46 patients with resected PNETs had malignant disease: Five were found to have
metastatic disease at time of surgery (two with nodal metastases only, two with nodal and
liver metastases, and one with liver only metastases) while two patients developed
metastases to liver during follow-up. For those patients, the mean radiological size of their
primary tumor was 4.0 ± 0.7 cm (median 4.0 cm, range 1.8 to 7.0 cm). In line with criteria
proposed for resection of PNET with increase malignant potential, the smallest tumor (1.8
cm) associated with nodal metastases had a doubling time of 411 days and presented in a
patient bearing a germline mutation on Exon 3 of the VHL gene.[2]
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Retrospective reassessment of pre-operative CT and MRI scans was done on 39 patients
with available digitalized imaging (Table 3). Blinded to the final pathological diagnoses,
radiologists described 60 solid lesions with histological correlates known only by S.T. and
G.Q.P. The radiologists were aware that these patients had undergone surgery with final
diagnoses being PNET, SMSA, or both. The radiologic diagnosis was accurate in 5 (45.5%)
of 11 SMSAs and in 45 (91.8%) of 49 PNETs (P2 = 0.001). Four SMSAs were
misdiagnosed as PNETs while two SMSAs had “uncertain” characteristics. No PNET was
mistaken for SMSA while four PNETs (8.2%) had “uncertain” characteristics. The
homogeneity of arterial enhancement on CT scan could not conclusively distinguish SMSAs
from PNETs (P2 = 0.2) and neither did the T2-weighted MRI images (P2 = 1.0). Distinctions
were more noticeable with functional 18F-FDG-PET imaging (Figure 1). The mean
maximal standardized uptake value (SUV) was significantly higher in 17 PNETs (12.1 ±
1.2, range 3.9 to 18.9) compared to 6 SMSAs (4.2 ± 0.5, range 3.1 to 6.2; P2 = 0.002);
however this distinction is not absolute as there is some overlap due to some PNETs with
lower SUVs.

To illustrate the difficulty in distinguishing SMSA from PNET, we compiled representative
images for four patients with SMSAs (Figure 2A) and three with PNETs (Figure 2B). In all
cases, CT scans timed to capture early arterial enhancement is crucial to identify these
pancreas lesions (whether SMSA or PNET) since the tumors become iso-attenuating on the
venous phase. As seen in Figure 2, for both CT and MRI scans, the enhancement patterns for
SMSAs resemble PNETs. SMSAs did not tend to uptake 18F-FDG with strong avidity; two
SMSA tumors with higher signals (seen in Patients 1 and 4) had adjacent PNETs which
probably caused in some signal “bleeding” onto the SMSAs.

The mean doubling time was similar for both PNETs (1311 ± 288 days, range 114 to 8225)
and SMSAs (1224 ± 316 days, range 248 to 2343) (Figure 3A). There was no clear
genotype-phenotype association for the 10 patients with SMSAs and no clear pattern of
association with a specific VHL gene mutation (Figure 3B).

For illustrative purposes, a study of the different histological components of SMSA
compared with PNET was carried out for Patient 1 who had both clinically relevant SMSA
and PNET which were adjacent to each other (Figure 4). The epithelial component of both
lesions stained strongly positive for pan-cytokeratins (Figure 4B). Epithelial membrane
antigen (EMA) stained strongly in the SMSA, but not readily in the PNET (not shown). As
expected, the SMSA did not stain for chromogranin A (Figure 4C) and synaptophysin (not
shown) but the PNET did. Masson’s trichrome stain highlighted the dense fibrous
components surrounding the SMSA with septa interdigitating into the lesion more obviously
than for the PNET (Figure 4D). Although red blood cells could be seen readily in the stroma
of both the SMSA and the PNET in the H&E slides (Figure 4A), the dense network of
capillaries was made evident by CD31 staining (Figure 4E) which highlighted the
endothelial cells in both tumors. Remarkably, Ki67-positive cells, providing evidence of
active cell division, was documented in the epithelium of SMSA microcysts (Figure 4F) and
in the PNET. Similar to the majority of the PNETs (Table 1), Ki67 was positive in < 2% of
epithelial cells in the two SMSAs in which Ki67 was tested. CD10 stain used to rule out
metastasis from RCC was negative (not shown).

The spectrum of morphological features of SMSAs mistaken for PNETs by pre-operative
imaging is presented in Figure 5. Tumors were characterized by microcysts organized in
small acini of varying sizes, shapes and densities; however, all were surrounded and
intersected by fibrous bands of varying thicknesses. All SMSA tumors lacked significant
nuclear pleomorphism, cellular atypia, or invasive features that would have suggested a
diagnosis of cystadenocarcinoma. This is consistent with long-term follow-up which showed
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that none of these 10 SMSA patients developed metastatic disease from a pancreas source
(Table 2). These solid lesions were seen in association with more classical serous cystic
changes of the pancreas (seen on CT images in Figure 2).

Discussion
Most patients with VHL disease require multiple surgical interventions throughout their
lifetime to relieve symptoms related to benign tumor processes and to prevent and/or treat
metastases from malignant tumors. Although solid pancreatic tumors are seen in < 20% of
VHL patients, most of which are PNETs, these patients are also prone to develop benign
pancreatic cystic disease of all variants, some of which are microcysts organized
architecturally in such a dense fashion that they can be taken for PNETs on imaging.
Accurate pre-operative imaging, along with a thoughtful multidisciplinary approach to their
care, can help minimize the number of surgeries these patients undergo and potentially
improve their quality of life.

In our series of 55 patients with VHL who underwent 79 pancreatectomies for solid
pancreatic lesions thought to be PNETs on pre-operative evaluation, 12 pancreatectomies
(15.2 % of pancreatectomies) in 10 patients (18.2% of patients) were done for lesions found
to be microcystic adenomas with prominent solid components (SMSAs) on final pathology.
Blinded reassessment of pre-operative CT and MRI scans confirmed the difficulty in
distinguishing SMSAs from PNETs, even by experienced radiologists who were aware of
the purpose of the study. PNETs are known to display bright and often homogeneous early
arterial contrast enhancement on CT scans.[13] In our study, the SMSAs were also found to
exhibit similar radiologic characteristics. Histological and immunohistochemistry studies
confirmed the hypervascularity of SMSAs (and PNETs), which likely explains why SMSAs
also display hyper-intense arterial contrast enhancement on CT and MRI scans. Although
solid in nature, necrotic degeneration, hemorrhage, or abundant blood supply in PNETs
could explain why the majority of PNETs had a higher than background T2 signal intensity
by MRI, whereas the microcystic nature of SMSAs did not necessarily result in strikingly
increased T2 signal intensity as would a more macrocystic tumor. Moreover, neither the rate
of tumor growth, estimated by the doubling time, nor the specific VHL mutation could
distinguish SMSAs from PNETs. The only modality we investigated that could potentially
help distinguish those two entities was 18F-FDG-PET imaging. PNETs generally had higher
SUV uptake than SMSAs, although several PNETs had low SUVs which overlapped with
the SMSAs. A threshold SUV ≥ 5.0 had a sensitivity of 88% and a specificity of 83% for
diagnosing a PNET from a SMSA. A threshold SUV ≥ 7.0 gave 100% specificity in
distinguishing a PNET from a SMSA, albeit with a lower sensitivity of 82%.

Ten cases of clinically relevant non-VHL SMSAs were reported thus far in the literature
since 1996.[9, 11] These reports in non-VHL patients (mean age 60.3 years, range 39 to 74)
were of isolated lesions found with no clear gender preference, with size ranging from 1.9 to
4.5 cm, and presenting incidentally or in association with abdominal discomfort. Although
the frequency of those reports have increased over the years, it is likely that SMSA is a rare
solid pancreatic lesion in non-VHL patients. Our findings in VHL patients suggest a higher
frequency in this particular group of patients who are younger (mean age 46.9 years, range
31 to 58) and who often (40%) have multiple SMSA lesions. Consistent with what we
observed for VHL patients, other reports in non-VHL patients state the difficulty of
distinguishing SMSAs from PNETs based on early contrast-phased CT scan imaging. Some
suggested that heavily T2-weighted magnetic resonance cholangiopancreatography could
better reveal the microcystic nature of SMSAs than conventional T2-weighted MRI.[14, 15]
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Endoscopic ultrasound (EUS) and needle biopsy were not employed in our study since all
lesions for which surgery was proposed were growing tumors with classic radiologic
characteristics of PNETs in a population of patients with a predisposition to form PNETs.
The frequency of SMSA “masquerading” as PNETs had not been established heretofore.
Furthermore, it has been our experience that intra-operative ultrasound, used in all cases,
was not sensitive enough to reveal the microcystic nature of SMSAs (with cyst sizes in the
range of 100 to 200 μm). Although the addition of EUS-guided biopsy for cytology and
immunohistochemistry could potentially confirm a PNET diagnosis in some cases, up to
22% of PNETs in VHL patients may be negative for chromogranin A, while approximately
17% are focally positive, with synaptophysin being more consistently detected.[16] Thus,
the value of EUS to distinguish SMSA and PNET should be prospectively studied before
definitive recommendations can be given.

The rarity of SMSAs precludes complete understanding of its natural history. However, no
clear case of malignant transformation or metastatic spread has been reported or seen in our
patients. Nonetheless, approximately 25 cases of serous cystadenocarcinoma are reported in
the literature, all in non-VHL patients, and are defined by local invasive features or distant
metastases.[17] In our series, no nuclear atypia or invasive features were found in any
SMSA tumors. Two unusual cases of ectopic microcystic adenoma have been reported in
VHL patients being followed at the NIH--one with a rapidly growing tumor arising in the
ethmoid sinus and one within the lung parenchyma.[18, 19] Although both patients had
pancreatic cysts, neither had solid pancreatic tumors. In VHL patients, benign microcystic
cystadenomas have also been described in the epididymis and the broad ligament.[1] In fact,
loss of heterozygosity at the VHL locus has been documented in all variants of serous cystic
lesions in VHL patients, linking the pathophysiology of serous adenoma to VHL disease at
the genetic and molecular level.[10]

Since PNETs in VHL patients do carry a risk of malignancy, as evidenced by the seven
patients (15.2%) with PNETs who were found to have or to develop metastatic disease after
pancreatectomy (Table 1), we still support prior resection guidelines for large or growing
solid tumors that appear to be PNETs.[2, 6] However, for thoroughness during the
counseling of patients for a pancreatectomy for a suspected PNET, it is important to disclose
that due to limitations with pre-operative imaging, a small but not insignificant percent
(15.2%) of pancreatectomies may be performed for a SMSA which at this time does not
appear to have a malignant potential. Perhaps 18F-FDG-PET may help decrease this false
positivity rate, but the data is early and limited at this time. We are continuing to use routine
18F-FDG-PET imaging on a clinical protocol to evaluate future patients with solid pancreas
tumors.
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Box 1

WHO classification of serous neoplasms of the pancreas

Serous adenoma

 Microcystic serous cystadenoma

 Macrocystic serous cystadenoma

 Solid serous adenoma

 VHL-associated serous cystic neoplasm

 Mixed serous neuroendocrine neoplasm

Serous cystadenocarcinoma
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Figure 1. Uptake of PNETs and SMSAs on pre-operative 18F-FDG-PET scans
Maximum standardized uptake values (S.U.V) of 17 PNETs and 6 SMSAs in 18 patients
with available pre-operative PET scans. Lines represent mean values.
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Figure 2. Radiological features of SMSAs (A) and PNETs (B)
A. Pathologically-confirmed SMSAs (arrows) seen in 4 patients using CT scans with
intravenous contrast timed on venous (CT ven) and arterial (CT art) phases, T2-weighted
magnetic resonance imaging (MRI T2) and 18F-FDG PET scans (PET CT). In addition to
having a SMSA with intense enhancement on arterial phases of CT scans, Patients 1 also
had a more typical macrocystic disease in the pancreas with partly calcified stellate central
scars. Patient 2 had a pancreaticoduodenectomy performed 4 years earlier for a
pathologically-confirmed PNET. B. Pathologically-confirmed PNETs (arrows) adjacent to
the SMSAs concurrently seen in Patients 1 and 4 above. Bright 18F-FDG-PET uptake in
both PNETs of Patients 1 and 4 showed some signal “bleeding” into the adjacent SMSAs in
panel A. Patient 19 had some necrosis within the pathologically-confirmed PNET, giving
rise to a cystic-like lesion within the tumor with high T2-weighted signal. In contrast to
SMSAs, this PNET had high 18F-FDG-PET uptake (SUV = 18.2).
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Figure 3. A. Tumor growth rates
The tumor doubling time for 24 patients (27 PNET tumors and 7 SMSA tumors) with
available digitalized imaging were estimated using the longest diameter from the most
recent pre-operative CT scan compared to the oldest available. Lines represent mean values;
one value (8225 days) for a PNET was off-scale and not shown. B. Genotype-phenotype
evaluation: VHL gene germline mutational status distribution seen in patients with PNETs
and SMSAs. PD/D, partial deletion or deletion.
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Figure 4. Histopathological and immunohistochemistry characteristics of SMSA and PNET
Pancreaticoduodenectomy gross specimen of Patient 1 and whole mount with SMSA (*)
adjacent to PNET (**). Immunohistochemistry staining for both lesions: A, Hematoxylin
and eosin (H&E); B, AE1/AE3 pan-cytokeratin; C, Chromogranin A; D, Masson’s
Trichrome; E, CD31; F, Ki67. A: H&E images highlight the distinct morphologies for each
lesion: For SMSA, dense coalescent small cysts are filled with serous fluid lined by a single
layer of cuboidal epithelial cells with clear cytoplasm. For the adjacent well-differentiated
PNET, epithelial cells with finely granular eosinophilic cytoplasm and characteristic “salt
and pepper” chromatin in the nucleus are arranged in trabecular, nesting or glandular
patterns. Clusters of red blood cells can readily be seen for both well-vascularized lesions.
The main components of SMSA are highlighted: the epithelium (B), the smooth muscle
fibers and collagen-rich stroma (D), and the dense capillary network (E). PNETs are positive
for chromogranin A (C) and are also hypervascular (E). Both tumors show evidence of cell
division with some Ki67 positivity (F). A and F photos were taken at 400x, all others at
200x; measure bars = 100 μm.
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Figure 5. Spectrum of histopathological features of SMSAs
Pancreaticoduodenectomy gross specimen and corresponding whole mount slide from
Patient 3. H&E slides taken at 20x (measure bar = 400 μm) show microcysts organized in
small acini of varying sizes in Patients 5, 7 and 6, clearly demarcated from the adjacent
normal pancreas (darker purple staining) by a thick fibrotic layer. The interdigitating fibrous
septa are of varying thicknesses, reaching at least 400 μm in some tumor areas for Patient 3.
Typical cuboidal epithelial clear cells are shown at 400x (measure bar = 100 μm) for Patient
5, but some cells lining the cysts can also be flattened and intermixed with endothelial cells
(Patient 1, 400x).

Turcotte et al. Page 14

Surgery. Author manuscript; available in PMC 2013 December 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Turcotte et al. Page 15

Ta
bl

e 
1

C
ha

ra
ct

er
is

tic
s 

of
 V

H
L

 p
at

ie
nt

s 
w

ith
 s

ol
id

 p
an

cr
ea

tic
 tu

m
or

s 
re

se
ct

ed
 b

et
w

ee
n 

Se
pt

em
be

r 
19

94
 a

nd
 M

ay
 2

01
1

A
ll 

pa
ti

en
ts

P
at

ie
nt

s 
w

it
h 

SM
SA

s
P

at
ie

nt
s 

w
it

h 
P

N
E

T
s

Pa
tie

nt
s 

w
ith

 r
es

ec
tio

n 
fo

r 
so

lid
 tu

m
or

s*
; n

, %
55

10
0%

10
18

.2
%

46
83

.6
%

M
ea

n 
ag

e 
at

 s
ur

ge
ry

; y
ea

rs
 (

ra
ng

e)
41

(1
8–

71
)

46
(3

2–
56

)
40

(1
8–

71
)

R
es

ec
tio

ns
 p

er
fo

rm
ed

* ;
 n

, %
79

10
0%

12
15

.2
%

67
84

.8
%

 
T

ot
al

 p
an

cr
ea

te
ct

om
y

3
3.

8%
2

1

 
Pa

nc
re

at
ic

od
uo

de
ne

ct
om

y
16

20
.3

%
1

15

 
D

is
ta

l p
an

cr
ea

te
ct

om
y

20
25

.3
%

7
13

 
E

nu
cl

ea
tio

n
40

50
.6

%
2

38

A
ll 

L
es

io
ns

 (
N

 =
 5

5 
pt

s.
)

A
ll 

SM
SA

s 
(N

 =
 1

0 
pt

s.
)

C
on

cu
rr

en
t 

P
N

E
T

s 
(N

 =
 4

 p
ts

.)
P

N
E

T
s 

on
ly

 (
N

 =
 4

6 
pt

s)

R
ad

io
lo

gi
ca

l f
in

di
ng

s

 
M

ea
n 

si
ze

† ;
 c

m
 (

ra
ng

e)
2.

8
(1

.4
–7

.0
)

3.
6

(2
.0

–5
.4

)
1.

6
(0

.7
–2

.5
)

2.
6

(1
.4

–7
.0

)

 
M

ed
ia

n;
 c

m
2.

5
3.

2
1.

7
2.

4

P
at

ho
lo

gi
ca

l f
in

di
ng

s

 
T

ot
al

 n
o.

 o
f 

so
lid

 tu
m

or
s 

in
 s

pe
ci

m
en

s
11

1
24

5
82

 
M

ea
n 

no
. o

f 
le

si
on

s 
pe

r 
sp

ec
im

en
 (

ra
ng

e)
2

(1
.0

–1
0.

0)
2.

4
(1

.0
–1

0.
0)

0.
5

(0
.0

–2
.0

)
1.

8
(1

.0
–5

.0
)

 
M

ea
n 

si
ze

; c
m

 (
ra

ng
e)

2.
1

(0
.3

–7
.5

)
2.

2
(0

.3
–6

.0
)

1.
3

(0
.3

–2
.2

)
2.

1
(0

.5
–7

.5
)

 
M

ed
ia

n;
 c

m
1.

8
2.

0
1.

3
1.

8

P
N

E
T

 s
ta

gi
ng

‡

T
1,

 <
2 

cm
; n

, %
2/

4
50

.0
%

15
32

.6
%

T
2,

 2
–4

 c
m

; n
, %

2/
4

50
.0

%
25

54
.3

%

T
3,

 >
4 

cm
, p

an
cr

ea
s 

lim
ite

d;
 n

, %
0

5
10

.9
%

T
4,

 b
ey

on
d 

pa
nc

re
as

; n
,%

0
1

2.
2%

N
1;

 n
, %

0
5

10
.9

%

M
1;

 n
, %

0
3

6.
5%

G
ra

de
 1

, K
i6

7≤
 2

%
 o

r 
<

 2
 m

ito
se

s/
10

 H
PF

; n
, %

2/
4

50
.0

%
29

80
.6

%

G
ra

de
 2

, K
i6

7 
3–

20
%

 o
r 

2–
5 

m
ito

si
s/

10
 H

PF
; n

, %
2/

4
50

.0
%

7
19

.4
%

* O
ne

 p
at

ie
nt

 u
nd

er
w

en
t 2

 s
ep

ar
at

e 
re

se
ct

io
ns

, o
nc

e 
fo

r 
PN

E
T

 a
nd

 o
nc

e 
fo

r 
SM

SA
, a

nd
 s

om
e 

pa
tie

nt
s 

ha
d 

>
1 

pr
oc

ed
ur

e 
pe

rf
or

m
ed

 a
t t

he
 s

am
e 

se
tti

ng
; t

hu
s 

th
e 

nu
m

be
r 

re
se

ct
io

ns
 >

 n
um

be
r 

of
 p

at
ie

nt
s.

Surgery. Author manuscript; available in PMC 2013 December 01.



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Turcotte et al. Page 16
† R

ad
io

lo
gi

ca
l s

iz
e 

of
 d

om
in

an
t l

es
io

n,
 e

xc
ep

t f
or

 v
is

ib
le

 P
N

E
T

 c
on

cu
rr

en
t w

ith
 S

M
SA

.

‡ E
ur

op
ea

n 
N

eu
ro

en
do

cr
in

e 
T

um
or

 S
oc

ie
ty

 (
E

N
E

T
S)

 m
od

if
ie

d 
T

N
M

 s
ta

gi
ng

 a
nd

 E
N

E
T

S-
W

or
ld

 H
ea

lth
 O

rg
an

iz
at

io
n 

K
i6

7 
pr

ol
if

er
at

iv
e 

ac
tiv

ity
-b

as
ed

 s
ta

gi
ng

 f
or

 th
e 

do
m

in
an

t l
es

io
n.

[7
, 2

0]

A
bb

re
vi

at
io

ns
: 

H
PF

, h
ig

h 
po

w
er

 f
ie

ld
; P

N
E

T
, p

an
cr

ea
tic

 n
eu

ro
en

do
cr

in
e 

tu
m

or
; S

M
C

A
, s

ol
id

 m
ic

ro
cy

st
ic

 a
de

no
m

a.

Surgery. Author manuscript; available in PMC 2013 December 01.



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Turcotte et al. Page 17

Ta
bl

e 
2

C
ha

ra
ct

er
is

tic
s 

of
 p

at
ie

nt
s 

w
ith

 c
lin

ic
al

ly
 r

el
ev

an
t S

M
SA

s.

P
ts

.
G

en
de

r
V

H
L

 m
ut

at
io

n
A

ge
 a

t 
su

rg
er

y
Su

rg
er

y
P

os
to

p 
co

m
pl

ic
at

io
ns

 (
G

ra
de

)*

Si
ze

 o
f

do
m

in
an

t
SM

C
A

†  
(c

m
)

N
o.

 o
f

co
nc

ur
re

nt
SM

SA

Si
ze

 o
f

co
nc

ur
re

nt
P

N
E

T
†  

(c
m

)
P

os
to

p 
f/

up
 (

m
os

.)

N
ew

so
lid

pa
nc

re
as

le
si

on
(s

)

N
o.

 o
f

no
n-

pa
nc

re
at

ic
V

H
L

-
re

la
te

d
su

rg
er

ie
s

C
ur

re
nt

 s
ta

tu
s

1
F

Pa
rt

ia
l d

el
et

io
n

45
T

P
M

in
or

 w
ou

nd
6

-
2.

2
9

-
5

A
liv

e 
w

ith
 R

C
C

2
M

Pa
rt

ia
l d

el
et

io
n

48
D

P
N

on
e

6
-

no
ne

9
-

8
A

liv
e 

an
d 

w
el

l

3
M

E
xo

n 
1

55
T

P
N

on
e

5.
5

2
1.

3
13

-
6

D
ea

th
 f

ro
m

 m
et

as
ta

tic
R

C
C

4
F

E
xo

n 
1

31
D

P 
+

 E
PF

 (
G

ra
de

 B
)

2
-

2.
0,

 0
.7

14
-

1
A

liv
e 

an
d 

w
el

l

5
F

E
xo

n 
1

46
D

P
N

on
e

2
-

0.
3

16
-

0
A

liv
e 

an
d 

w
el

l

6
F

E
xo

n 
3

53
D

P§
N

on
e

3.
2

-
no

ne
58

no
8

A
liv

e 
(p

re
su

m
ed

)

7
M

E
xo

n 
3

58
PD

 +
E

PF
 (

G
ra

de
 B

)
3.

5
3

no
ne

68
ye

s
11

A
liv

e,
 m

et
as

ta
tic

 R
C

C

8
F

Pa
rt

ia
l d

el
et

io
n

55
D

P
N

on
e

4
-

no
ne

77
ye

s
1

A
liv

e 
an

d 
w

el
l

9
M

D
el

et
io

n
33

D
P

N
on

e
1.

1
10

no
ne

16
0

ye
s

0
A

liv
e 

an
d 

w
el

l

10
F

E
xo

n 
1

45
D

P
N

on
e

2
3

no
ne

18
3

ye
s

0
A

liv
e 

an
d 

w
el

l

* PF
 g

ra
di

ng
 a

s 
pe

r 
B

as
si

 C
 e

t a
l. 

20
05

.[
21

]

† Pa
th

ol
og

ic
al

 g
ro

ss
 m

ea
su

re
m

en
t.

§ C
on

cu
rr

en
t w

ith
 le

ft
 p

ar
tia

l n
ep

hr
ec

to
m

y 
fo

r 
R

C
C

.

A
bb

re
vi

at
io

ns
: 

C
N

S,
 c

en
tr

al
 n

er
vo

us
 s

ys
te

m
; D

P,
 d

is
ta

l p
an

cr
ea

te
ct

om
y;

 f
/u

p,
 f

ol
lo

w
-u

p;
 E

, e
nu

cl
ea

tio
n;

 P
D

, p
an

cr
ea

tic
od

uo
de

ne
ct

om
y;

 P
F,

 p
an

cr
ea

tic
 f

is
tu

la
; P

N
E

T
, p

an
cr

ea
tic

 n
eu

ro
en

do
cr

in
e 

tu
m

or
;

R
C

C
, r

en
al

 c
el

l c
ar

ci
no

m
a;

 S
M

SA
, s

ol
id

 m
ic

ro
cy

st
ic

 a
de

no
m

a;
 T

P,
 to

ta
l p

an
cr

ea
te

ct
om

y

Surgery. Author manuscript; available in PMC 2013 December 01.



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Turcotte et al. Page 18

Ta
bl

e 
3

B
lin

de
d 

re
tr

os
pe

ct
iv

e 
ra

di
ol

og
ic

al
 r

ea
ss

es
sm

en
t o

f 
so

lid
 p

an
cr

ea
tic

 le
si

on
s

P
at

ie
nt

s 
w

it
h 

SM
SA

P
at

ie
nt

s 
w

it
h 

P
N

E
T

p-
va

lu
e

N
%

N
%

Pr
e-

op
er

at
iv

e 
im

ag
es

 a
va

ila
bl

e 
fo

r 
re

vi
ew

8
31

 
C

T
 a

nd
 M

R
I

7
87

.5
23

74
.2

n.
s.

 
C

T
 o

nl
y

1
12

.5
8

25
.8

N
o.

 s
ol

id
 le

si
on

s 
w

ith
 h

is
to

lo
gi

ca
l c

or
re

la
te

s
11

49

 
C

or
re

ct
 d

ia
gn

os
is

5
45

.5
45

91
.8

0.
00

1*

 
U

nc
er

ta
in

 r
ad

io
lo

gi
ca

l d
ia

gn
os

is
2

18
.2

4
8.

2

 
SM

SA
 m

is
di

ag
no

se
d 

as
 P

N
E

T
4

36
.4

-
-

 
H

om
og

en
eo

us
 a

rt
er

ia
l e

nh
an

ce
m

en
t (

C
T

)
5/

11
45

.5
34

/4
9

69
.4

n.
s.

 
M

od
er

at
e 

or
 h

ig
h 

T
2 

en
ha

nc
em

en
t (

M
R

I)
7/

10
77

.8
24

/3
7

91
.9

n.
s.

* Fi
sh

er
 e

xa
ct

 te
st

A
bb

re
vi

at
io

ns
: 

C
T

, c
om

pu
te

d 
to

m
og

ra
ph

y;
 M

R
I,

 m
ag

ne
tic

 r
es

on
an

ce
 im

ag
in

g;
 n

.s
., 

no
t s

ig
ni

fi
ca

nt
; P

N
E

T
, p

an
cr

ea
tic

 n
eu

ro
en

do
cr

in
e 

tu
m

or
; S

M
SA

, s
ol

id
 m

ic
ro

cy
st

ic
 a

de
no

m
a.

Surgery. Author manuscript; available in PMC 2013 December 01.


