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Abstract

AIM

To establish the ability of magnetic resonance (MR)
and computer tomography (CT) to predict pathologic
dimensions of pancreatic neuroendocrine tumors
(PanNET) in a caseload of a tertiary referral center.

METHODS

Patients submitted to surgery for PanNET at the
Surgical Unit of the Pancreas Institute with at least 1
preoperative imaging examination (MR or CT scan) from
January 2005 to December 2015 were included and
data retrospectively collected. Exclusion criteria were:
multifocal lesions, genetic syndromes, microadenomas
or mixed tumors, metastatic disease and neoadjuvant
therapy. Bland-Altman (BA) and Mountain-Plot (MP)
statistics were used to compare size measured by each
modality with the pathology size. Passing-Bablok (PB)
regression analysis was used to check the agreement
between MR and CT.

RESULTS

Our study population consisted of 292 patients.
Seventy-nine (27.1%) were functioning PanNET.
The mean biases were 0.17 £ 7.99 mm, 1 £ 8.51
mm and 0.23 £ 9 mm, 1.2 £ 9.8 mm for MR and CT,
considering the overall population and the subgroup
of non-functioning- PanNET, respectively. Limits
of agreement (LOA) included the vast majority of
observations, indicating a good agreement between
imaging and pathology. The MP further confirmed
this finding and showed that the two methods are
unbiased with respect to each other. Considering < 2
cm non-functioning-PanNET, no statistical significance
was found in the size estimation rate of MR and CT
(P = 0.433). PBR analysis did not reveal significant
differences between MR, CT and pathology.

CONCLUSION

MR and CT scan are accurate and interchangeable
imaging techniques in predicting pathologic dimensions
of PanNET.

Key words: Pancreatic neoplasms; Neuroendocrine
tumors; Magnetic resonance imaging; Diagnostic
imaging; Pathological dimensions

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Radiological tumor size estimation of
pancreatic neuroendocrine tumors is of utmost
importance for therapeutic decision-making, especially
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for non-functioning ones. This study showed that both
magnetic resonance and computer tomography are
accurate and interchangeable in predicting pathologic
tumor size.

Paiella S, Impellizzeri H, Zanolin E, Marchegiani G, Miotto M,
Malpaga A, De Robertis R, D'Onofrio M, Rusev B, Capelli P,
Cingarlini S, Butturini G, Davi MV, Amodio A, Bassi C, Scarpa
A, Salvia R, Landoni L. Comparison of imaging-based and
pathological dimensions in pancreatic neuroendocrine tumors.
World J Gastroenterol 2017; 23(17): 3092-3098 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i17/3092.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i117.3092

INTRODUCTION

Pancreatic neuroendocrine tumors (PanNET) account
for 5% of all pancreatic tumors, with an incidence
of 1/100000 per year™. Compared with pancreatic
carcinoma, patients with PanNET have a better
prognosis and the indolent biology of these tumors
plays a crucial role in therapeutic decision making.
Considering the presence of clinical symptoms of
hormonal hypersecretion, they are divided into 2
subgroups, functioning (F-PanNET) and non-func-
tioning (NF-PanNET). The surgical treatment of
F-PanNET is the treatment of choice, whereas for NF-
PanNET surgery is recommended for tumors greater
than 2 cm, in selected cases of MEN-1 syndromes
and in cases of symptoms or abdominal discomfort
as PanNET compress surrounding organs'®!. Magnetic
resonance (MR) imaging and computer tomography
(CT) are the imaging techniques of choice for tumor
localization and staging, hence the treatment decision-
making often depends on the tumor size assessed by
these imaging techniques. When referred to a tertiary
referral center, most patients from country hospital
have already performed cross-sectional imaging
studies. To the best of our knowledge, no studies have
ever evaluated size-measurement aspects of MR and
CT examinations. Hence, we set out to investigate the
properties of MR and CT Scan in measuring the size
of PanNET, using the pathological final dimensions as
reference standard, in a high-volume referral hospital.

MATERIALS AND METHODS

Study design
The prospectively maintained database of the Surgical
Unit of the Pancreas Institute of Verona, Italy was
queried. Data were collected from patients referred to
our Institution from January 2005 to December 2015.
All patients submitted to surgery with a preoperative
and a final pathological diagnosis of PanNET, and with
at least 1 pre-operative imaging examination (either
MR or CT) were included.

Exclusion criteria were considered as follows: (1)

May 7, 2017 | Volume 23 | Issue 17 |



Paiella S et a/. Preoperative size estimates of PanNETs

Table 1 Baseline characteristics of 292 patients

Variable n (%)
Age (mean, SD, range) 54.4 (13.7; 18-85)
Sex
Male 147 (50.3)
Female 145 (49.8)
Functioning, yes 79 (27.1)
CT, yes 276 (94.5)
MR, yes 103 (35.3)
Location
Head 125 (42.8)
Body 115 (39.4)
Tail 52 (17.8)
Type of surgery
Distal splenopancreatectomy 108 (37.0)
Spleen preserving distal pancreatectomy 12 (4.1)
Pancreaticoduodenectomy 78 (26.7)
Middle pancreatectomy 25 (8.6)
Enucleation 64 (21.9)
Total pancreatectomy 5(1.7)
Grading
G1 190 (65.1)
G2 96 (32.9)
G3 6(2.1)

MR, mean MTD (SD, range)
CT, mean MTD (SD, range)
Pathology, mean MTD (SD, range)

26.3 (17.1, 5-88)
25.6 (18.5, 5-120)
24.6 (19, 5-120)

MTD: Maximum tumor diameter.

multifocal lesions; (2) MEN-1 or Von Hippel- Lindau
syndromes; (3) microadenomas [maximum tumor
diameter (MTD) < 5 mm] or mixed tumors; (4) pre-
sence of metastasis at the time of surgery; and (5)
neoadjuvant therapy.

The study received local Ethics Committee approval
[#42757] and it was conducted according to the
ethical guidelines of the 1975 Declaration of Helsinki.

Statistical analysis

The size discrepancy from imaging to pathology was
calculated subtracting pathological MTD to radiological
MTD. The differences were summarized as means
and SD. The difference between the measured
values against their means was represented with
scatterplots. A Bland-Altman analysis was used to
compare 2 methods of measurement with scatter
plots (MR vs pathology and CT vs pathology) where
the difference between the measured values against
their means was represented., The Bland-Altman
analysis calculates the mean difference between 2
methods of measurement (the “bias”) and 95% LOA
as the mean difference (1.96 SD). The 95%(CI for the
limits were reported too. In this visual method, was
used considering that the smaller range between these
two limits the better the agreement is™*!. A subgroup
analysis of NF-PanNET was also performed. In addition,
a folded empirical cumulative distribution plot, the
Mountain-Plot, was drawn. A Mountain-Plot is usually
considered as a complementary plot to Bland-Altman
method, especially for not Normally distributed data™.

Baishidenge ~ WJG | www.wjgnet.com

Finally, the agreement of MR and CT vs pathology was
further investigated using the Passing-Bablok (PB)
regression analysis®”,

The sensitivity in predicting dimensions of MR and
CT for NF-PanNET was calculated using a Fisher’s exact
test. As data were not normally distributed, a Kruskal-
Wallis test was performed to check for size differences
according to tumor site.

All the statistical analyses were performed using
MedCalc, version 15.0 (MedCalc Software, Ostend,
Belgium).

RESULTS

Population characteristics

A total of 292 patients fulfilled the inclusion and
exclusion criteria and were included in the analysis
during the study period. The subgroup of NF-PanNET
included 213 patients (72.9%) and 91 out of 213
(42.7%) were 2 cm. MR was performed in 101 patients
(34.5%), whereas CT in 277 (94.8%). Eighty-seven
patients out of 292 (29.8%) underwent both MR
and CT. The dlinical and surgical characteristics of the
population are listed in Table 1.

Discrepancy of the size estimates between radiology
and pathology

Dimension estimates from MR and CT were com-
pared with pathology, that was considered the gold
standard. Considering the overall population, the
mean discrepancy between radiological and pathologic
dimensions (mean bias), calculated subtracting the
mean value of the size of the imaging modalities minus
the mean pathologic size, was 0.17 £ 7.99 mm for MR
and 1 £ 8.51 mm for CT (Table 2). When considering
NF-PanNET the mean bias was 0.23 £ 9 mm and 1.2
+ 9.8 mm for MR and CT, respectively (Table 2). The
Bland-Altman plots showed that MR had the narrowest
LOA, when considering both the overall population and
the NF-PanNET subgroup (Figure 1). The Mountain-
Plot showed that the two methods are unbiased as
the plot is centered over zero and presented similar
differences with respect to the gold standard as the
tail are superimposable (Figure 2). In fact, the median
of the differences is close to zero for both MR and CT,
compared with pathologic size.

The results of PB regression analysis for measure-
ment of agreement between MR and CT vs pathology
are shown in Figure 3. The resulting equation of PB
regression analysis for MR (overall population) was y
= 0.39 + 0.97 x (95%CI of intercept -0.76-1.77, and
slope 0.9-1.03) (Figure 3A). The resulting equation of
PB regression analysis for CT (overall population) was
y =0+ 1 x (95%CI of intercept 0-0.52, and slope
0.95-1) (Figure 3B). PB regression analysis for MR (NF-
PanNET) was y = 0.84 + 0.94 x (95%CI of intercept
0-2.05, and slope 0.88-1) (Figure 3C). PB regression
analysis for CT (NF-PanNET) wasy = 0 + 1 X (95%CI

May 7, 2017 | Volume 23 | Issue 17 |



A 80} CT vs pathology
60 -
40 -
8
1) S — e T 1:96 5D
& N v 17.7
8 ol Mean
1.0
............... —— e
20 - -15.7
'40 L 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140
Average
C 80} CT vs pathology
60 -
40 -
8
§ 20 4 ~ +1.96 SD
& N 4 v 17.8
[a Y I Mean
0.8
r: 4 -1.96 SD
e =163
'40 L 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140
Average

Difference

Difference

Paiella S et a/. Preoperative size estimates of PanNETs

301 MRI vs pathology
20 +1.96 SD
10k N o - 15.8
Mean
0 =23 02
il Pt eeerserorsemvessosserav e Ko
206 -15.4
-30
'40 1 | | | 1 1
0 20 40 60 80 100
Average
30 - MRI vs pathology
W == ST ST +196 5D
100 > a 16.1
0 Mean
-0.0
10r 196 SD
e -16.2
-30 -
-40 0o, | | | 1 1
0 20 40 60 80 100
Average

Figure 1 Bland-Altman analysis. A and B show the analysis for CT and MR performed on overall population; C and D represent the method applied only on NF-
PanNET. PanNET: Pancreatic neuroendocrine tumors; MR: Magnetic resonance; CT: Computer tomography.
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Figure 2 Mountain-plot. The two methods are unbiased with respect to each
other (overall population). MTD: Maximum tumor diameter.

of intercept 0-0.57, and slope 0.95-1) (Figure 3D). For
all the regressions, the intercepts were not significantly
different from zero, pointing out that there was no
constant difference between the methods. Also, all the
regression slopes were not significantly different from
one, indicating the absence of a proportional difference
between the methods. There was no significant
deviation from linearity in any of the analyzed data
set.

The sensitivity of MR and CT in predicting final
tumor dimensions for < 2 cm NF-PanNET was 91.4%
and 95%, respectively, and there was no statistically
significant difference between them (Fisher's exact
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3095

Table 2 Difference of the size estimates between radiology

and pathology

MR vs pathology CT vs pathology
Overall
Mean bias, mm 0.17 £7.99 1+851
BA - LOA (95%CI) -15.4 (-12.7, -18) -15.7 (-13.9, -17.4)
15.8 (13.1, 18.4) 17.7 (15.9, 19.4)
NF-PanNET
Mean bias, mm 0.23+9 1.2+£98

BA - LOA (95%CI) 16.1 (12.4,19.8)

162 (-12.5,-19.9)

17.8 (16.4,19.7)
163 (-14.1, -18.8)

PanNET: Pancreatic neuroendocrine tumors; MR: Magnetic resonance;
CT: Computer tomography; BA: Bland-Altman analysis; LOA: Limits of
agreement.

test, P = 0.433). Considering size discrepancy between
radiology and pathology with respect to tumor site
(head, body and tail), the Kruskal-Wallis test did not
show any statistical significance for both MR (P = 0.933)
and CT (P = 0.906).

DISCUSSION

The biological behavior of a PanNET is unpredictable,
yet relatively favorable, especially if compared with
pancreatic cancer. Given this various biology an appro-
priate staging is of utmost importance to tailor the
treatment to avoid possible over- or under-treatment.
Surgery remains the only chance of cure for PanNET
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Figure 3 Passing-Bablok regression analysis. See text for further information. MTD: Maximum tumor diameter; PanNET: Pancreatic neuroendocrine tumors; MR:

Magnetic resonance; CT: Computer tomography.

and even debulking procedures are advocated to
reduce the burden of the disease in selected metastatic
PanNET™®®!, While for F-PanNET the decision-making is
easily based on surgery, on the other hand the surgical
management of NF-PanNET has been put under
scrutiny when the diameter is < 2 cm™®*?, The 2016
ENETS Consensus Guidelines Update on F-PanNET and
NF-PanNET suggested a conservative management of
small NF- PanNET, at least unless more follow-up data
are not available™. Recently, Regenet et al*, analyzing
a retrospective cohort of 66 patients, claimed that a cut-
off size of 1.7 cm is adequate to drive the management
of NF-PanNET.

Hence, a precise preoperative size estimation is of
paramount importance to drive the management of
PanNET, either surgical or conservative. In our study,
small and clinically acceptable mean biases either for
MR and CT were found, the greater being of 1.2 mm
(CT Scan in NF-PanNET). In addition, in the Bland-
Altman analysis, the vast majority of the observations
were within the LOA, indicating a good agreement
between each radiological method size estimation
and pathological dimensions. Comparing the two
methods, the reported LOA are almost equally larger
and this allows substituting a method with the other.
These considerations were furtherly confirmed by PB
regression analysis, showing no significant systematic
or proportional differences between each method and
pathology, regarding either MR or CT.
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Our results demonstrate that both MR and CT scan
are equally accurate in predicting tumor dimensions,
even in NF-PanNET, with only a slight overall more
accuracy for MR (smaller mean bias and narrower
LOA). The interchangeability of the techniques was
confirmed by the Mountain-Plot (no systematic biases
between the two methods). Interestingly, the sen-
sitivity in predicting small NF-PanNET was slightly
higher for CT Scan than for MR.

Considering that MR and CT are interchangeable in
the preoperative size estimation of PanNET, therefore,
we can speculate that endoultrasonography (EUS), more
invasive and less widely available than conventional
imaging, could not be necessary for this purpose, and
that can be used in doubtful cases (suspected cystic
PanNET or pancreatic metastases from renal cell
carcinoma), when an evident dimensional discrepancy
is present at cross-sectional imaging or when the Ki-67
assessment is required™™7,

From a logistic point of view our findings are
important. First, our results depict the scenario of a
high-volume center, to whom patients are referred
from country hospitals where they already have
been imaged, mostly with CT. Hence, no other cross-
sectional imaging techniques are needed to assess
preoperative tumor dimensions when just one has
been performed. Second, considering that MR is
still not as widely available as CT, a first-level cross-
sectional imaging with CT could be considered sufficient
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and adequate to assess tumor size; nevertheless, since
MR is the best imaging technique for the identifica-
tion of liver metastases and may provide ancillary
information on the biological behavior of PanNET™®,
this technique should be always considered for the
evaluation of PanNETs, whenever available. Third,
the interchangeability of the two techniques allows a
radiation-free follow-up program of 2 cm NF-PanNET
using MR.

As far as we know, this is the first study that has
evaluated the accuracy of MR and CT in predicting
dimensions of PanNET. Despite our results are su-
pported by a large cohort of patients, this study has
major limitations that must be considered. First, this
is a retrospective study; second, different equipment
has been used during the period of inclusion and this
could have influenced our results; third, for patients
before 2010, no radiological images were available for
analysis.

In conclusion, this study provides an insight on the
ability of MR and CT in detecting size measurements
of PanNET and on how this can impact on the clinical
practice of a tertiary referral center. MR provides a
precise assessment of tumor size and is the radiological
gold standard for the detection of liver metastases,
therefore - when available - it should be considered
for first for the evaluation of PanNETs; when MR is not
available, diametric analysis by CT can provide reliable
tumor dimensions.

COMMENTS

Background
Preoperative size estimation of pancreatic neuroendocrine tumors (PanNET) is
an important parameter that drives the therapeutic decision-making.

Research frontiers
This is the first study that explores the properties of magnetic resonance (MR)
and computer tomography (CT) scan on the size measurement of PanNET.

Innovations and breakthroughs

In this study, both MR and CT scan provided preoperative accurate estimations
of PanNET, even in small NF-PanNET. MR showed a slightly greater accuracy,
even for NF-PANNET. However, CT scan was more sensitive in predicting the
dimensions of small (< 2 cm) NF-PanNET.

Applications

This study suggests that both MR and CT scan can be interchangeably adopted
for preoperative size estimations of PanNET. When available, MR should be
preferred to assess eventual metastases.

Peer-review

This is a retrospectively study trying to establish the ability of MR and CT
to predict pathologic dimensions of PanNET with methods of Bland-Altman
and Mountain-Plot statistics in a caseload of a tertiary referral center, as a
precise preoperative size detecting is of paramount importance to drive the
management of PanNET, either surgical or conservative. It was found that both
MR and CT scan were equally accurate in predicting tumor dimensions, even
in NF-PanNET from a logistic point of view. There is some interest and value to
study, the ability of MR and CT in detecting size measurements, and the impact
on the clinical practice of PanNET were needed to be verified with much more
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