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Abstract
Background—The incidence of pancreatic neuroendocrine tumors (PNETs) is increasing but
only a subset of these heterogeneous tumors will progress to malignant disease which is associated
with a poor prognosis. Currently, there is limited data on the natural history of these tumors and it
is difficult to determine which patients require surgical intervention because the risk of metastatic
disease cannot be accurately determined.

Study Design—We conducted a prospective study of 87 patients with von Hippel Lindau
syndrome-associate solid pancreatic lesions to determine the natural history of these tumors with
biochemical testing, follow up anatomic and functional imaging, and advanced imaging analysis
with a median follow up of 4 years.

Results—Approximately 20% of consecutive tumor measurements during follow up were
decreased in size and 20% showed no change. This included 2 of 4 surgically-proven malignant
tumors which had a net decrease in tumor size over time. Tumor volume, as derived from greatest
diameter and volumetric measurement, showed good correlation to pathology tumor measurement
of surgically resected tumors (Spearman rank correlation ρ=0.72, p=0.0011, and ρ=0.83,
p<0.0001; respectively). Tumor density measurement had an inverse relationship with tumor size
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(Spearman rank correlation −0.22, p=0.0047). A tumor density cutoff of 200 was 75% specific for
malignant tumors.

Conclusions—PNETs demonstrate a non-linear growth pattern, which includes periods of no
growth and apparent decrease in size by imaging. These growth patterns are variable and not
associated with tumor grade and malignancy. Tumor density, as measured in this cohort, may offer
a specific diagnostic tool for malignant disease.
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Introduction
Pancreatic neuroendocrine tumors (PNETs) are a heterogeneous group of rare tumors, with a
low but increasing incidence, accounting for 1.3% of all pancreatic tumors.1–5 PNETs may
be functional, manifesting in one of several characteristic clinical syndromes, or non-
functional.2–5 They may be sporadic, or occur within the context of multiple endocrine
neoplasia type 1, von Hippel Lindau (VHL) syndrome, neurofibromatosis type I or carcinoid
syndrome.2–5 PNETs display a variety of histologic characteristics, presenting as a spectrum
of well- to poorly- differentiated neuroendocrine cells, with only a subset progressing to
malignant disease.2–5

There is limited prospective data on the optimal management of localized PNETs. Benign
tumors do not threaten patient survival, and may not require surgical resection if symptoms
associated with hormonal hypersecretion are medically controlled, excluding insulinomas.6,7

Malignant tumors, on the other hand, exhibit a poor prognosis.6–8 Survival rates average 1–3
years once metastases are identified.1 Early surgical intervention offers the best potential for
curative therapy or the prevention of metastatic disease but is not without morbidity.6,7,9

Unfortunately, it is difficult to distinguish benign tumors from those which are potentially
malignant without histopathologic analysis, with a significant number of tumors still of
undetermined malignant potential based on the World Health Organization (WHO)
classification.10 Chromogranin A (CgA) and pancreatic polypeptide (PPP) are often used as
serum tumor markers for PNETs once disease has been surgically confirmed; however, they
provide little pre-operative prognostic information.5,8 Radiographic evidence of advanced
disease, such as local tumor invasion or evidence of metastasis, are currently the only
reliable clinical predictors of malignancy. However, these findings provide little benefit to
the patient, as curative resection may not be possible at that point. Previous studies have
suggested tumor size and/or growth rate as useful indicators of malignancy.11 However,
recent studies have shown that even small tumors (≤2 cm) may have aggressive
behavior.5,12,13

Patients with vHL syndrome have an approximate 20% risk of developing one or more
PNETs over their lifetime. As such, they undergo routine lifetime screening and surveillance
to allow for early intervention for PNETs, which have malignant potential.14 Computed
tomography (CT) is the most commonly used imaging modality for screening and
surveillance, due to its high sensitivity (~94%) for identifying PNETs.15–18 Fortunately,
PNETs are easily identifiable, with characteristic radiographic features, appearing as an
early enhancing well-circumscribed solid mass with rounded or lobulated borders and a rich
vascular supply, and characteristic hyperintensity on arterial phase of CT scan.17,19 The aim
of this study was to review a prospectively maintained database and identify PNETs that
develop in patients within the context of VHL and follow their natural course of disease
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progression in hopes of identifying a means to distinguish patients who are more appropriate
for active surveillance compared to those who may benefit from early surgical intervention
for tumors with high malignant potential.

Methods
As part of a prospective clinical protocol approved by the National Cancer Institute’s
Institutional Review Board, 134 patients with pancreatic manifestations of VHL were
enrolled and underwent comprehensive biochemical testing and anatomic and functional
imaging studies annually at the National Institutes of Health (NIH) Clinical Center.

Radiographic Imaging/Volume & Density Assessment
As part of our clinical research protocol, we perform a routine pancreatic protocol (2mm
slices) abdominal computed tomography (CT) and magnetic resonance imaging, both with
contrast (both protocols inject contrast at 3cc/second, with arterial phase typically 10–20
seconds after injection). These are performed annually in patients with solid pancreatic
lesions and every 2 years in those with complex or cystic pancreatic lesions. These defined
intervals comprised the majority of all collected data points and the measurements from CT
scan were used to determine growth rate. If patients presented with concerning symptoms
warranting further CT imaging between specified surveillance intervals, these studies were
also included at 4 to 6 month intervals. Four of the 134 patients enrolled in the study had
their CT scan repeated within 6 months.

Each imaging study was assessed by at least two independent reviewers (three independent
reviewers for the first 107 patients enrolled) who catalogued all solid radiographic lesions of
the pancreas that displayed hyperintense signal during early arterial phase (Figure 1). Size
and location were recorded for each lesion. Key images were stored for each tumor to
provide a reference baseline image for consistent analysis. For each lesion, the largest
diameter of each tumor was recorded by each reviewer, and then averaged to provide a
consensus measurement. Volume measurements were derived using the equation volume =
diameter3.

In addition, a software-based measurement for volume and density was calculated for each
lesion identified on CT scan (Figure 2). Using the stored key images provided by our
independent reviewers, each tumor was centrally labeled within a computer workstation.
Syngo.via for oncology (Siemens Health Care Corporation) was used to collect software-
calculated measurements of volume and density for each identified pancreatic lesion.

Tumor measurements were used for comparison against different laboratory and
radiographic data obtained within a 6 month time frame. Tumor greatest diameter was
compared to serum chromogranin A (CgA) and pancreatic polypeptide (PP) values.

Patient Population
Of 134 patients in our study, 30 were excluded from the sample population after all three
reviewers independently found no evidence of a solid pancreatic tumor - a lesion that in this
population is most consistent with a neuroendocrine tumor. An additional 17 patients were
excluded for having only a single imaging record, therefore not providing enough data to
measure tumor growth. This resulted in a cohort of 87 patients. Twenty-one patients in our
cohort had a total of 26 lesions surgically resected, a subset of the population for which
histopathology data was available and which were classified according to the WHO tumor
grade classification system. Malignancy was defined as the presence of metastasis to lymph
nodes or distant sites (liver) proven on histologic examination. The WHO grading system
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was used in all the primary tumors removed. Patients followed within our study cohort
received only surgical intervention over the study time period for management of their
disease. None were treated with systemic therapy including octreotide.

Statistical Analysis
All statistical analyses were completed through collaboration with biostatisticians in the
Biostatistics and Data Management Section of the National Cancer Institute. Tumor
measurements were used for comparison against different laboratory and radiographic data
obtained within a 6 month interval. For descriptive information, data was calculated as a
mean with standard deviation. Because standard deviations are expected to increase as the
mean increases, a coefficient of variation was calculated as the standard deviation divided
by the mean, and then expressed as a percentage. Tumor sizes (linear and volume
measurements) were compared using the Spearman rank correlation test. The Spearman rank
correlation test was also used for growth rate comparisons and for associations with
pathology tumor measurements. Repeated measures analysis of variance was used to adjust
for correlation between the multiple tumors of some patients in tests of serum CgA, PPP
and 18F-FDOPA PET SUVs. For analyses of tumor growth measurements, tumor sizes were
log-transformed prior to analysis. Growth distributions at 3 month intervals were estimated
by linear interpolation of measurements over observed intervals. The central tendency and
the variation in growth rates across patients were tested using a Kruskal-Wallis and Ansari-
Bradley tests. The Wilcoxon signed rank test was applied to changes in tumor density.

Results
A total of 163 tumors were followed within our cohort of 87 patients for a total of 377
growth intervals. Forty-one (47%) of the patients manifested a single tumor, with a median
tumor burden of 2 for the entire cohort. Demographic, clinical and histopathology diagnoses
for the study cohort are summarized in Table 1. During this time period, 29 new lesions
were identified over an aggregate follow-up time period of 3,249 patient months, producing
a new tumor incidence of 1 per 112 patient months.

Tumor Growth & Accuracy of Volume Calculations
Inter-reader correlation in linear tumor measurements was high (correlation coefficients
>0.86). The range of reader deviations from the mean for each lesion was −0.7 to 0.7, the
median coefficient of variation was 9.4%, and no individual reader had deviations
statistically different from a zero mean. The mean over readers was therefore an appropriate
summary for each measurement.

Tumor growth was followed for the entire cohort (Figure 3). Tumor growth patterns were
non-linear. Approximately 20% of the differences between consecutive measurements were
radiographic decreases in size and 20% were no change. Figure 4 shows growth for the
mean, median, 5th and 95th percentile of tumors at 3 month intervals. Growth rate was
independent from tumor size (correlation ρ= −0.08, p=0.11) (i.e. larger lesions did not tend
to show a more rapid growth pattern). The growth rates in patients with multiple tumors
showed no significant clustering or differences between means (Kruskal-Wallis test,
p=0.45); however, some patients showed highly variable growth rates while others had more
consistent tumor growth over time (p<0.0001).

The accuracy of tumor volume measurements was assessed for both 2-dimensional imaging
and volumetric software calculations. The modalities showed strong correlation with each
other in the measurements at the first tumor scan (correlation coefficient 0.80, p<0.0001).
Additionally, both measurements showed a strong correlation with pathology measurements
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of resected tumors (volumetric software ρ=0.83, p<0.0001 and 2-dimensional imaging
ρ=0.72, p=0.0011).

Tumor Density
Overall, tumor density displayed a weak tendency to decrease with time (median changes<0
in three of four intervals, p=0.049 corrected for multiple comparisons), and was inversely
related to baseline tumor volume (correlation −0.22, p=0.0047) (Figure 5). There was a
trend towards decreasing mean density with increased tumor aggressiveness. Six of 7
malignant tumors decreased in density over time. Three of 7 malignant tumors had the
greatest mean density for all tumors with a histopathologic diagnosis. The remaining 4
malignant tumors demonstrated densities below the median of the mean densities for all
tumors evaluated by histology. This suggests that a high tumor density may be specific for
malignant classification on histology. A tumor density of 200 was 75% specific for
malignant classification (n=16).

Clinical Correlations
Growth rates were not significantly different by WHO tumor grade in tumors which were
resected. Furthermore, no threshold in growth rate was observed to distinguish malignant
tumors (patients who presented or developed metastasis during follow up) from benign and
intermediate grades (localized tumors). Two lesions in the surgically-proven malignant
subset had a net decrease in tumor size over time.

Tumor greatest diameter was compared to serum CgA and PP values. Serum CgA values
demonstrated a statistical trend towards an inverse relationship with tumor size (p=0.053,
n=137), whereas no association was seen between tumor size and serum PP levels (p=0.81,
n=165).

Discussion
Our study shows that PNETs can demonstrate variable growth. Across all time periods in
our cohort, 20% of consecutive measurements of tumors demonstrated no growth and an
additional 20% were smaller by imaging. This observation was consistent across different
patients and different tumors, with evidence that individual tumors may have periods of
negative growth, no growth, indolent growth and aggressive growth over time.

To our knowledge, this is the first large cohort study to examine the variable natural history
of PNETs with a relatively long follow up time. There have been reports of partial and
complete spontaneous regression of malignant neuroendocrine tumors in the literature,
including patients with metastatic disease.20–26 This has also been observed in other types of
tumors. Lindell and associates observed the growth characteristics by CT scan of 48
histologically-proven lung cancers, finding periods of negative growth in 4 tumors.27 Korst,
et al., identified a negative growth rate in 28% of 69 patients with pulmonary nodules <3cm,
including 1 histologically proven lung cancer that showed negative growth over three
consecutive intervals.28 Finally, Honda and colleagues identified negative doubling time in
5 of 40 pulmonary adenocarcinomas.29

Negative growth has been published in longitudinal studies on PNETs. Kann, et al.,
described the natural progression of 84 asymptomatic PNETs <15mm in size in 20 patients
with multiple endocrine neoplasia type 1 (MEN-1). Endoscopic ultrasound (EUS) was used
to measure greatest tumor diameter every six months for a maximum of 44 months. The
findings were similar to ours, identifying periods of variable growth. This included tumors
with alternating periods of positive and negative growth, as well as individual tumors that
consistently grew smaller over time.30 None of the patients in the study by Kann and
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colleagues had surgical intervention to provide histopathologic confirmation of individual
lesions; however, subsets of the PNETs were documented by pathology and had excellent
tumor size and volume correlation to the surgically resected tumor.

It is uncertain what causes PNETs to decrease in size in our study cohort. This may be a
fluctuation of a constant tumor mass, with change in density causing a reciprocal inverse
change in tumor size (mass = volume x density). A weak but significant statistical
relationship to this effect is seen in our population; however, does not account for multiple
individual tumors. It may be suggested that measurement error plays an additional factor,
with fluctuations in size caused by inter-reader variations. However, there was a strong
correlation in measurement between independent measurements in the current study.
Additionally, it is has been demonstrated that tumor size changes that meet a threshold of
≥1.73mm are reliably detected by CT scan images; a threshold which was surpassed by the
shrinking tumors over multiple intervals.31 Therefore, even though a small factor of
measurement error is likely present in any study, our data is suggestive of a real decrease in
tumor size.

A separate radiographic variable, tumor density, had high specificity for malignant PNETs.
Within our cohort, a tumor density of 200 on arterial phase images demonstrated a
specificity of 75% for malignant classification as evidenced by the presence of metastasis on
histology. While tumor density is a standard variable of measurement within the CT
software package, we are not aware of previous publications that described its use as a
marker of malignant disease. Further testing in a larger patient population is needed to see if
CT tumor density provides useful information for surgical decision-making with adequate
patient follow up time. We currently recommend surgical intervention in patients with VHL
who have localized solid enhancing pancreatic lesion greater than 3 cm (> 2cm in the head)
on CT scan or when there is suspicion of metastatic disease. Thus, the tumor density
measurement may reduce the need for surgical intervention in low risk lesions, which
accounted for 5 of the resected tumors (Table 1).

An interesting result of this study was that serum CgA showed a statistical trend towards an
inverse relationship to tumor size. Neuroendocrine cells characteristically synthesize and
secrete CgA, making it a helpful biomarker for neuroendocrine tumors for follow up.32,33

Serum CgA levels have been shown to correlate with tumor burden and are often used for
patient surveillance.32,33 Our findings suggest that as the lesions in our cohort grew, an
increasing percentage of the tumor volume may not produce CgA. A change may occur with
tumor growth that either stops production or secretion of CgA. An alternative reason may be
that as the lesion grows, there is a greater percentage of non-metabolically active tissue (i.e.
necrosis or fibrosis).

There are several limitations to this study. First, technical error may provide inaccurate
representation of tumor size. Even though a standardized CT protocol was used for all
patients within our cohort, certain factors cannot be controlled including exact timing of
contrast administration and identical level of CT images at each follow-up visit. These
variations are generally understood and accepted under standard practice but may confound
our results. Nonetheless, these variations may account for differences in tumor volume of 2–
20%.34–37 An additional limitation is the equation used to derive tumor volume from tumor
greatest diameter. Volume =diameter3 may not be the most appropriate mathematical
description for each tumor, which likely takes an irregular rather than perfectly geometric
shape. With these recognized pitfalls, it is reassuring that both the greatest diameter-derived
volumes and the volumetric software-derived volumes showed high correlation to three-
dimensional measurements documented on actual tumor samples volumetric software
(Spearman rank correlation ρ=0.72, p=0.0011, and ρ=0.83, p<0.0001, respectively).
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In summary, our study shows that PNETs can demonstrate variable growth on serial
imaging. Tumor density may provide a specific indicator for malignancy in our cohort and
should be validated in additional populations. Further study is warranted to establish the
optimal means for measuring changes in tumor behavior that may necessitate surgical
intervention.
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Figure 1.
Solid pancreatic lesion on CT scan. A solid radiographic lesion is identified by independent
reviewers, whose averaged measurements are the basis for 2-dimensional volume
estimations.
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Figure 2.
Software-derived tumor volumes. Each tumor is labeled, and then the software delineates
tumor margins from surrounding densities to derive volume measurements.
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Figure 3.
Observed changes in tumor size for 163 solid radiographic lesions in patients with von
Hippel Lindau. The graph on the left displays growth patterns for all tumors in our cohort.
The graph on the right displays the growth patterns for tumors with known histopathologic
diagnoses.
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Figure 4.
The mean, median, 5th and 95th percentiles of the observed growth of solid radiographic
pancreatic lesions in patients with von Hippel Lindau are depicted over time.
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Figure 5.
Relationship of tumor density and tumor volume.
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Table 1

Demographic and Clinical Characteristics of Study Cohort

Age, y, mean ± SD 47.6 ± 13.7

Male:female 35:52

Race/ethnicity, n

 Caucasian 79

 African American 3

 Asian 1

 Unknown 4

Total no. radiographic solid enhancing lesions 163

Median tumor burden per patient, n 2

Surgically resected lesions, n 26

Histopathologic diagnosis MCA: 3
WHO Grade I: 5
WHO Grade II: 7
WHO Grade III: 8

Unspecified
PNET: 3

MCA, microcystic serous cystadenoma
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