% Universiteit
4 Leiden
The Netherlands

Reliability and agreement of radiological and pathological tumor size
in patients with multiple endocrine neoplasia type 1-related
pancreatic neuroendocrine tumors: results from a population-based

cohort
Beek, D.J. van; Verkooijen, H.M.; Nell, S.; Bonsing, B.A.; Eijck, C.H. van; Goor, H. van; ... ;
Vriens, M.R.

Citation

Beek, D. J. van, Verkooijen, H. M., Nell, S., Bonsing, B. A., Eijck, C. H. van, Goor, H. van, ...
Vriens, M. R. (2021). Reliability and agreement of radiological and pathological tumor size
in patients with multiple endocrine neoplasia type 1-related pancreatic neuroendocrine
tumors: results from a population-based cohort. Neuroendocrinology, 111(8), 705-717.
doi:10.1159/000510514

Version: Publisher's Version
License: Creative Commons CC BY-NC 4.0 license
Downloaded from: https://hdl.handle.net/1887/3279849

Note: To cite this publication please use the final published version (if applicable).


https://creativecommons.org/licenses/by-nc/4.0/
https://hdl.handle.net/1887/3279849

Research Article

Neuroendocrinology

Neuroendocrinology 2021;111:705-717
DOI: 10.1159/000510514

Received: April 4, 2020
Accepted: July 7, 2020
Published online: July 28, 2020

Reliability and Agreement of Radiological
and Pathological Tumor Size in Patients with
Multiple Endocrine Neoplasia Type 1-Related
Pancreatic Neuroendocrine Tumors: Results
from a Population-Based Cohort

Dirk-Jan van Beek? Helena M. Verkooijen® Sjoerd Nell? Bert A. Bonsing®

Casper H. van Eijck9 Harry van Goor® Frederik J.H. Hoogwaterf

Elisabeth J.M. Nieveen van Dijkum9 Geert Kazemier
Inne H.M. Borel Rinkes?

k

Lodewijk A.A. Brosensk Frank J. Wessels!

Gerlof D. Valk™ Menno R. Vriens?

h Cornelis H.C. Dejong'"}

2Department of Endocrine Surgical Oncology, University Medical Center Utrecht, Utrecht, The Netherlands;
bImaging Division, University Medical Center Utrecht, Utrecht, The Netherlands; “Department of Surgery, Leiden
University Medical Center, Leiden, The Netherlands; “Department of Surgery, Erasmus Medical Center, Rotterdam,
The Netherlands; ®Department of Surgery, Radboud University Medical Center, Nijmegen, The Netherlands;
fDepartment of Surgery, University of Groningen, University Medical Center Groningen, Groningen,

The Netherlands; 9Department of Surgery, Cancer Center Amsterdam, Amsterdam University Medical Center
location Academic Medical Center, Amsterdam, The Netherlands; "Department of Surgery, Cancer Center
Amsterdam, Amsterdam University Medical Center location VUmc University Medical Center, Amsterdam,

The Netherlands; 'Department of Surgery, Maastricht University Medical Center, NUTRIM School for Nutrition and
Translational Research in Metabolism, Maastricht, The Netherlands; 'Department of Surgery, Universitdtsklinikum
Aachen, Aachen, Germany; Department of Pathology, University Medical Center Utrecht, Utrecht, The Netherlands;
'Department of Radiology, University Medical Center Utrecht, Utrecht, The Netherlands; "Department of Endocrine

Oncology, University Medical Center, Utrecht, The Netherlands

Keywords

Multiple endocrine neoplasia type 1 - Pancreatic
neuroendocrine tumor - Reliability - Agreement - Computed
tomography - Magnetic resonance imaging - Endoscopic
ultrasonography

Abstract

Background: Pancreatic neuroendocrine tumors (pNETSs)
have a high prevalence in patients with multiple endocrine
neoplasia type 1 (MEN1) and are the leading cause of death.

Tumor size is still regarded as the main prognostic factorand
therefore used for surgical decision-making. We assessed re-
liability and agreement of radiological and pathological tu-
mor size in a population-based cohort of patients with
MEN1-related pNETs. Methods: Patients were selected from
the Dutch MEN1 database if they had undergone a resection
for a pNET between 2003 and 2018. Radiological (MR, CT,
and endoscopic ultrasonography [EUS]) and pathological tu-
mor size were collected from patient records. Measures of
agreement (Bland-Altman plots with limits of agreement
[LoA] and absolute agreement) and reliability (intraclass cor-
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relation coefficients [ICC] and unweighted kappa) were cal-
culated for continuous and categorized (< or =2 cm) pNET
size. Results: In 73 included patients, the median radiologi-
cal and pathological tumor sizes measured were 22 (3-160)
and 21 (4-200) mm, respectively. Mean bias between radio-
logical and pathological tumor size was —0.2 mm and LoA
ranged from —12.9 to 12.6 mm. For the subgroups of MRI, CT,
and EUS, LoA of radiological and pathological tumor size
ranged from —9.6 to 10.9, —=15.9 to 15.8, and —=13.9 to 11.0,
respectively. ICCs for the overall cohort, MRI, CT, and EUS
were 0.80, 0.86, 0.75, and 0.76, respectively. Based on the
2 cm criterion, agreement was 81.5%; hence, 12 patients
(18.5%) were classified differently between imaging and pa-
thology. Absolute agreement and kappa values of MRI, CT,
and EUS were 88.6, 85.7, and 75.0%, and 0.77,0.71, and 0.50,
respectively. Conclusion: Within a population-based cohort,
MEN1-related pNET size was not systematically over- or un-
derestimated on preoperative imaging. Based on agree-
ment and reliability measures, MRl is the preferred imaging

modality. ©2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Duodenopancreatic neuroendocrine tumors (dpNETs)
affect over 80% of patients with multiple endocrine neo-
plasia type 1 (MEN1) by the age of 80 years [1, 2]. The trait
occurs in 2-3 per 100,000 people and leads to multiple
tumors in endocrine and non-endocrine organs [3].
MENI1-related dpNETSs represent 2 distinct groups of tu-
mors regarding hormone production: functioning
dpNETs, which excessively produce hormones leading to
adistinct clinical syndrome, and non-functioning pancre-
atic neuroendocrine tumors (NF-pNETs), which do not
induce any secretory disorder. Duodenal gastrinomas and
pancreatic insulinomas are the most frequently encoun-
tered functioning dpNETSs [4]. Since dpNETs are the lead-
ing cause of death in MEN1, guidelines recommend inten-
sive radiological screening programs starting in childhood
to diagnose dpNET's at an early stage, enabling timely ini-
tiation of treatment [1, 5-7].

Nowadays, World Health Organization tumor grade
and tumor size of NF-pNETs and gastrinomas in patients
with MENT1 are still the main predictors of metastases and
survival, and treatment indications are primarily based
on tumor size [2, 7, 8]. Most NF-pNETs <2 cm have an
indolent natural disease course and can be safely man-
aged without surgery [9-12]. European Neuroendocrine
Tumor Society (ENETS) guidelines recommend opera-
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tive resection of pancreatic neuroendocrine tumors
(pNETs) and gastrinomas >2 cm [8]. Underestimation of
tumor size may lead to a prolonged period of watchful
waiting, whereas overestimation may hypothetically lead
to unnecessary surgery. Since surgery for MEN1-related
NEF-pNETs is associated with a high risk of severe com-
plications, the decision to operate should be carefully bal-
anced against the risk of complications [13].

Considering that pNET size is used for individual pa-
tient risk stratification and subsequent clinical decision-
making, accurate tumor size estimation is important.
Since surgical decision-making is currently guided by the
2 c¢m criterion, adequate measurements of tumor size are
of utmost importance. Although previous studies have
focused on diagnosing pNETs on conventional imaging,
guidelines lack evidence-based recommendations re-
garding a preferred imaging modality [7, 14-19]. In the
debate on the optimal modality, the accuracy of tumor
size estimation by MRI, CT, or endoscopic ultrasonogra-
phy (EUS) should be taken into account.

One single-center study from an ENETS center of ex-
cellence investigated the correlation between preopera-
tive radiological tumor size and the pathological tumor
size in 44 patients with MEN1-related pNETs and con-
cluded that tumor size is frequently overestimated [20].
Since patients with MEN1 are generally treated in tertiary
referral centers by dedicated multidisciplinary teams,
data from a population-based cohort are necessary to es-
timate the outcomes in general MENT1 care [7]. In addi-
tion, a large multicenter study makes subgroup analyses
for imaging modalities more robust. Therefore, the pres-
ent study assessed the reproducibility, in terms of reliabil-
ity and agreement, of radiological and pathological tumor
size of resected pNETs in patients with MEN1 from a
population-based cohort representing daily clinical prac-
tice.

Patients and Methods

Reporting of the study was performed according to the Guide-
lines for Reporting Reliability and Agreement Studies (GRRAS)
recommendations [21].

Study Design and Patient Selection

Patients were selected from the DutchMEN Study Group
(DMSG) database [22]. In brief, the database includes MEN1 pa-
tients aged 16 years and older and under treatment in one of the 8
University Medical Centers (UMCs) in the Netherlands. In each
center, patients were identified by reviewing hospital databases of
medical conditions and diseases. MEN1 diagnosis was established
according to the clinical practice guidelines [7]. Over 90% of the
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Dutch MEN1 population is included in the database [23]. Clinical
and demographic data were collected longitudinally every quarter
from 1990 to 2017 by standardized medical record review, accord-
ing to a predefined protocol. From 2016 onward, data were cap-
tured prospectively. The protocol was approved by the Medical
Ethics Committees of all UMCs.

All consecutive patients who underwent resection of a MEN1-
related pNET from 2003 up to and including 2017 with informa-
tion on preoperative radiological tumor size within 9 months be-
fore surgery and histopathological tumor size were identified. By
including patients after 2003, the population is more representa-
tive for current practice, where patients are screened according to
clinical practice guidelines [7, 24]. In addition, considering the
screening program, reproducibility analyses were performed in
patients with pNETs <5 cm on radiology or pathology.

Clinical Definitions

In the absence of excessive hormone production leading to a
clinical syndrome, a pNET was considered as an NF-pNET [9, 10].
Insulinomas were diagnosed based on a 72-h fasting test [9, 25, 26].
Gastrinomas were diagnosed based on hypergastrinemia and a
gastrin positive (duodenal) neuroendocrine tumor [27]. In pa-
tients with both a pNET and (duodenal) gastrinoma, the resection
was considered for an NF-pNET and gastrinoma.

Data Collection

Data were collected from routine patient care, that is, no pro-
spective study protocol existed for radiologists, gastroenterolo-
gists, and pathologists to determine tumor size, so size reflected the
tumor size used in clinical practice for decision-making. In line,
preoperative imaging was generally examined once by 1 local se-
nior radiologist (CT or MRI) or gastroenterologist (EUS) and the
surgical specimen was assessed by 1 local senior pathologist. Surgi-
cal resection specimens were processed in each center’s pathology
department according to local practice; tumor size was generally
measured after formalin fixation. According to the guidelines, out-
comes were discussed in the multidisciplinary tumor boards with-
in the individual tertiary centers ensuring reliable outcomes [7].
Opver the years, multiple radiologists, gastroenterologists, and pa-
thologists have performed the observations within the UMCs in
the Netherlands; the exact number of observers is unknown. Radi-
ologists, gastroenterologists, and pathologists were not blinded to
previous imaging or to clinical information, but at the time of ex-
amination, they were not aware of their observations being used
for scientific research, so the Hawthorne effect (i.e., an alteration
in observers’ behavior due to awareness of being observed) is un-
likely. At the time of radiological assessment, radiologists were by
definition unaware of histopathological tumor size.

MR, CT, and EUS reports up to 9 months before surgery were
collected. Imaging and histopathological reports were reviewed for
the location and size of the pNETSs. For each patient, the diameter
of the largest tumor in the pancreatic head and/or body/tail was
obtained from the imaging (MRI, CT, and/or EUS) and pathology
reports. For patients with multiple resected tumors (i.e., from both
the pancreatic head and body/tail), the size of the largest tumor
(either from the pancreatic head or body/tail) on imaging was used
for the overall analysis. The tumor size measured on the modality
closest to the date of surgery was used for the overall analysis. For
patients with multiple modalities, these data were used for sub-
group analyses of the respective modality.

Reliability and Agreement of
MENI1-Related pNET Size

Statistical Analysis

Baseline characteristics were described as mean (+standard de-
viation [SD]), median (range), or counts (percentages), as appro-
priate. Reproducibility of tumor size between imaging and pathol-
ogy was assessed in terms of agreement and reliability [28]. Agree-
ment indicates the degree to which measurements are identical
and is particularly relevant when assessing the absolute closeness
of repeated measures [21, 28]. Reliability implies the ability to dis-
tinguish patients with different tumor sizes from each other de-
spite biological variability between study objects [21, 28].

Agreement between imaging and histology of continuous tu-
mor size was assessed using the Bland-Altman plots and their lim-
its of agreement (LoA) with 95% confidence intervals (95% CI)
[29]. In brief, for every patient, the difference between the radio-
logical and pathological tumor size (y axis) was plotted against the
mean of the 2 measurements (x axis). The mean and SD of these
differences were used to calculate the LoA (mean difference + 1.96
x SD). The LoA represent the maximum range by which repeated
measurements would be expected to differ in 95% of repetitions
and indicate the range of observer variation; differences beyond
the LoA are not accounted for by observer variation alone [29].
Reliability of tumor size was assessed by the intraclass correlation
coefficient (ICC), which was calculated by a 2-way model with ab-
solute agreement and single measures (ICC(2,1)) [30]. The ICC is
interpreted as the percentage of variability between the measure-
ments, which is not caused by measurement error. ICC values
should generally be at least 0.90 to guide important clinical deci-
sions [21].

Contingency tables were tabulated for pNET size categorized
to <2 or 22 cm on imaging and pathology, according to current
clinical insights [8, 10, 11]. These were additionally performed for
<3 and 23 cm [10]. Agreement was assessed using percentages of
absolute agreement and specific agreement. Reliability was as-
sessed using unweighted Cohen’s kappa. Kappa’s are rated as “fair”
for values between 0.21 and 0.40, “moderate” for 0.41-0.60, “sub-
stantial” for 0.61-0.80, and “almost perfect” for values above 0.80
[31]. 95% CIs for reliability measures (kappa and ICC) were gener-
ated by drawing 10,000 bias-corrected and accelerated bootstrap
replications [32-34].

All analyses were performed for all imaging modalities (MRI/
CT/EUS) together and separately. Furthermore, subgroup analy-
ses were performed including patients with an NF-pNET, with or
without concurrent gastrinoma, as surgical indication, since tu-
mor size guides clinical management in these patients [8, 10, 11].
To investigate the overall effect of time and the effect of different
modalities over time, subgroup analyses were additionally per-
formed for patients undergoing surgery before 2011 (2003-2010)
and in 2011 or later (2011-2017). Statistical analyses were con-
ducted using R version 3.5.1 (R Foundation for Statistical Comput-
ing, Vienna, Austria) using the “IRR,” “blandr,” and “boot” pack-
ages.

Results

Of the 445 patients in the DMSG database, 275 (61.8%)
had a pNET on imaging (Fig. 1). Seventy-three patients
underwent surgery for a pNET between 2003 and 2018
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Table 1. Baseline table

Variable N=73 (%)
Age at surgery, years, mean (+SD) 44.6+14.5
Sex, n (%)

Male 34 (46.6)

Female 39 (53.4)

Surgery, n (%)
Primary surgery 64 (87.7)
Reoperation 9(12.3)
Surgical indication, n (%)

NE-pNET 47 (64.4)

Insulinoma 14 (19.2)

Gastrinoma 4 (5.5)

NEF-pNET and gastrinoma 7(9.6)

Other functioning pNET 1(1.4)

Type of resection, n (%)

Enucleation 12 (16.4)
Enucleation of head 4 (5.5)
Enucleation of body/tail 7 (9.6)
Enucleation of head and body/tail 1(1.4)

Distal pancreatectomy 35 (47.9)

Whipple/PPPD 7(9.6)

Distal pancreatectomy and enucleation 3(4.1)

Whipple/PPPD and distal pancreatectomy 5(6.8)

Pancreatic body resection 1(1.4)

Total/completion pancreatectomy 10 (13.7)

Type of imaging available for size analysis, n (%)

MRI 36 (49.3)

CT 43 (58.9)

EUS 29 (39.7)

Multiple imaging strategies available for size analysis 33 (45.2)

MRI and CT 11 (15.1)

MRI and EUS 7 (9.6)

CT and EUS 13 (17.8)

MRI, CT, and EUS 2(2.7)

Time from imaging to surgery, n (%)

0 quarters 18 (24.7)

1 quarter 41 (56.2)

2 quarters 14 (19.2)

Period of surgery, n (%)
2003-2010 39 (53.4)
2011-2017 34 (46.6)

DMSG database
1990-2017
n = 445

o

pNET on imaging

n =170 no pNET on imaging

n =275
—»{ n = 173 no surgery for pNET
Surgery for pNET

n =102
n = 18 surgery before 2003
n =7 imaging >2 quarters
n =3 no pNET resected
n = 1 unknown tumor size

Eligible

n=73

CT, computed tomography; EUS, endoscopic ultrasonogra-
phy; MRI, magnetic resonance imaging; N, number of; NF-pNET,
non-functioning pancreatic neuroendocrine tumor; pNET, pan-
creatic neuroendocrine tumor; PPPD, pylorus-preserving pancre-
atoduodenectomy; SD, standard deviation.

and were eligible for inclusion; reasons for exclusion are
listed in Figure 1. Patients had undergone surgery at a
mean age of 44.6 years (+14.5), and 39 (53.4%) were fe-
males (Table 1). Median age at diagnosis was 36.6 years
(range 18.8-81.8) in patients with an insulinoma and
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Fig. 1. Flowchart of patient selection. Sixty-five of the 73 patients
had a pNET <5 cm. DMSG, DutchMEN Study Group, pNET, pan-
creatic neuroendocrine tumor.

42.5 years (range 14.5-73.3) in the other patients. An
NE-pNET was the most frequent surgical indication in
47 patients (64.4%), and 15 (20.5%) patients underwent
surgery for a functioning pNET. Twenty-five patients
had a resected pNET of the head, and 57 patients had a
resected pNET of the body/tail. Almost half of the pa-
tients (47.9%, n = 35) underwent a distal pancreatecto-
my; 12 (16.4%) underwent 1 or more enucleation(s); 10
(13.7%), a total/completion pancreatectomy; 7 (9.6%), a
Whipple/PPPD; and 1 (1.4%), a central pancreatecto-
my, and in 8 patients (11.0%), a combined resection was
performed. Most recent imaging before surgery was
MRI in 23 (31.5%), CT in 28 (38.4%), and EUS in 22
(30.1%). Overall, MRI, CT, and EUS were available for
analysis in 36 (49.3%), 43 (58.9%), and 29 (39.7%) pa-
tients, respectively. Thirty-three patients (45.2%) had
multiple imaging modalities for analysis. Thirty-nine
patients (53.4%) underwent surgery before 2011 and 34
(46.6%) in 2011 or later. Before 2011, MRI, CT, and EUS
were available for 11 (28.2%),28 (71.8%),and 18 (46.2%)
patients, and after 2011, these were available for 25
(73.5%), 15 (44.1%), and 11 (32.4%) patients, respec-
tively.
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Fig. 2. Scatterplots of radiological and
pathological tumor size of the total cohort
and for pNETs <5 cm. pNET, pancreatic
neuroendocrine tumor; EUS, endoscopic
ultrasonography.
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Radiological and Pathological Tumor Size

Radiological and pathological tumor sizes of the larg-
est tumor of individual patients are presented in Figure 2.
The median radiological and pathological tumor sizes
were 22 mm (range 3-160) and 21 mm (range 4-200),
respectively (Table 2). In 28 patients (38.4%), radiological
size was larger than pathological size; in 40 patients
(54.8%), radiological size was smaller than pathological
size; and in 5 (6.8%), both were exactly similar. Twelve
patients (16.4%) had a difference of >10 mm between ra-
diological and pathological size, of whom 5 had a pNET

logical sizes were exactly similar in 2/36 patients (5.6%)

with an MRI and 6/14 (14.0%) with a CT.

ibility analyses were performed using 65 patients.

of 25 cm. Nine of these 12 patients underwent surgical

resection before 2011; all 8 patients with a difference of
>15 mm were operated on before 2011.

For the subgroups of MRI, CT, and EUS, radiological
size was larger than pathological size in 38.9% (14/36),
37.2% (16/43), and 48.3% (14/29) patients, and smaller
than pathological size in 55.6% (20/36), 48.8% (21/43),
and 51.7% (15/29), respectively. Radiological and patho-

Reliability and Agreement of
MENI1-Related pNET Size

Tumor Size

Agreement between radiological and pathological tu-
mor size is shown in Figure 3 and Table 3. Overall, imaging
underestimated pathological tumor size with —0.2 mm
(95% CI: -1.8 to 1.4). LoA ranged from —12.9 mm (95% CI:
—-15.6to —10.1) to 12.6 mm (95% CI: 9.8-15.3), respective-
ly. This indicates that differences in size of up to 13 mm

Median radiological and pathological size of pNET's of
the head were 19 mm (range 3-43) and 15 mm (range
4-50), and 22 mm (range 5-160), and 21 mm (range
4-200) of pNETs of the body/tail. Median radiological
and pathological sizes of the NF-pNET subgroup (n = 54,
74.0%) were 25 mm (range 3-160) and 25 mm (range
4-200), respectively. Seven patients (9.6%) had a pNET
> 5 cm on imaging or pathology, and therefore, reproduc-
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Bland Altman plots of radiological and pathological tumor size
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Fig. 3. Bland-Altman plots of radiological and pathological tumor
size of MEN1-related pNETs. For every patient, the difference be-
tween the radiological and pathological tumor size (y axis) is plot-
ted against the mean of the 2 measurements (x axis). The mean and
standard deviation (SD) of these differences are used to calculate
the limits of agreement (LoA) (mean difference £1.96 x SD). The
LoA indicate the range of observer variation; differences beyond
the LoA are not accounted for by observer variation alone [29].

between imaging and pathology can be contributed to ob-
server or measurement error, so a tumor measured on im-
aging or pathology can be up to 13 mm smaller or larger.
No systematic over- or underestimation of radiological tu-
mor size was observed for any of the modalities. LoA of
MRI and EUS were generally smaller than those of CT
(Fig. 3; Table 3). For MRI, LoA ranged from —9.6 mm (95%
CI: -12.7 to —6.5) to 10.9 mm (95% CI: 7.8-14.0), and for

Reliability and Agreement of
MENI1-Related pNET Size

The solid line shows a mean bias of 0. The middle dashed line rep-
resents the mean difference between radiological and pathological
tumor size, with dotted lines indicating 95% confidence intervals
(95% CI) of the mean bias. The upper and lower dashed lines rep-
resent the upper and lower LoA with subsequent upper and lower
bounds of the 95% CI of the LoA shown in dotted lines. EUS, en-
doscopic ultrasonography.

EUS, from —13.9 mm (95% CI: —-18.2 to —=9.7) to 11.0 mm
(95% CI: 6.7-15.3). LoA did not increase with increasing
tumor size (Fig. 3). Within the NF-pNET subgroup, simi-
lar results were observed (Table 3). For pNETs in the pan-
creatic head, mean bias was 0.9 mm (95% CI: —1.4 to —3.1)
and LoA ranged from —9.6 mm (95% CI: —13.5 to —5.8) to
11.4 mm (95% CI 7.5-15.2). For pancreatic body/tail tu-
mors, mean bias, lower LoA, and upper LoA were —0.3 mm
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Table 4. Reliability of tumor size and pNET' categorized as < or 22 cm

Overall cohort

NEF-pNET subgroup

pNET >2 cm tumor size pNET >2 cm tumor size
Type kappa (95% CI)* ICC (95% CI)* kappa (95% CI)* ICC (95% CI)*
All 0.63 (0.40-0.78) 0.80 (0.65-0.89) 0.55 (0.27-0.77) 0.79 (0.58-0.90)
MRI 0.77 (0.46-0.94) 0.86 (0.69-0.94) 0.68 (0.29-0.92) 0.84 (0.62-0.94)
CT 0.71 (0.40-0.89) 0.75 (0.48-0.89) 0.67 (0.28-0.92) 0.70 (0.35-0.89)
EUS 0.50 (0.08-0.77) 0.76 (0.50-0.88) 0.36 (-0.16 t0 0.77) 0.76 (0.28-0.91)

2003-2010 2011-2017

PNET >2 cm tumor size pNET >2 cm tumor size
Type kappa (95% CI)* ICC (95% CI)* kappa (95% CI)* ICC (95% CI)*
All 0.55 (0.19-0.80) 0.72 (0.43-0.89) 0.70 (0.38-0.88) 0.89 (0.78-0.95)
MRI 1.00 (NA) 0.93 (0.71-0.99) 0.68 (0.33-0.92) 0.84 (0.64-0.94)
CT 0.62 (0.17-0.90) 0.69 (0.28-0.92) 0.86 (0.34-1.00) 0.82 (0.25-0.96)
EUS 0.29 (-0.21t0 0.66)  0.67 (0.25-0.87) 0.81 (NA) 0.91 (0.74-0.96)

CI, confidence interval; CT, computed tomography; EUS, endoscopic ultrasonography; ICC, intraclass cor-
relation coefficient; MRI, magnetic resonance imaging; NF-pNET, non-functioning pancreatic neuroendocrine
tumor; pNET, pancreatic neuroendocrine tumor. * 95% CIs were generated by drawing 10,000 bias-corrected
and accelerated bootstrap replications.

Table 5. Agreement of pNET' categorized as < or 22 cm on radiology and pathology

Opverall cohort NE-pNET subgroup

Type N absolute specific agreement, % N absolute specific agreement, %
agreement, % . o agreement, % . ..
negative positive negative positive
All 65 81.5 79.3 83.3 49 79.6 70.6 84.4
MRI 35 88.6 86.7 90.0 27 85.2 80.0 88.2
CT 35 85.7 83.9 87.2 26 84.6 80.0 87.5
EUS 28 75.0 72.0 77.4 19 73.7 54.5 81.5
2003-2010 2011-2017
Type N absolute specific agreement, % N absolute specific agreement, %
agreement, % . o agreement, % . .
negative positive negative positive
All 32 78.1 74.1 81.0 33 84.8 83.9 85.7
MRI 10 100.0 100.0 100.0 25 84.0 83.3 84.6
CT 21 81.0 77.8 83.3 14 92.9 92.3 93.3
EUS 17 64.7 62.5 66.7 11 90.9 88.9 92.3

CT, computed tomography; EUS, endoscopic ultrasonography; MRI, magnetic resonance imaging; NF-pNET, non-functioning pan-
creatic neuroendocrine tumor; pNET, pancreatic neuroendocrine tumor.

(95% CI: -2.1 to 1.5), —13.0 mm (95% CI: —16.2 to —9.9),
and 12.4 mm (95% CI: 9.3-15.6), respectively. LoA of MRI
and EUS seemed narrower for pancreatic head tumors
compared to those in the body/tail, whereas patients with

a CT had narrower LoA for pancreatic body/tail tumors,
but these subgroups were small.

LoA of patients who underwent surgery before 2011
and after 2011 are shown in Table 3. Before 2011, LoA
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Table 6. Two by two tables of imaging and pathology >2 cm

Imaging overall PA <2 cm PA 22 cm MRI versus PA<2cm PA2>2cm
versus pathology pathology

Imaging <2 cm 23 (35.4) 5(7.7) MRI <2 cm 13 (37.1) 1(2.9)
Imaging >2 cm 7 (10.8) 30 (46.1) MRI >2 cm 3(8.6) 18 (51.4)
CT versus pathology ~ PA <2 cm PA >2 cm EUS versus pathology PA<2cm PA>2cm
CT <2cm 13 (37.1) 2(5.7) EUS <2 cm 9 (32.1) 4(14.3)
CT 22 cm 3(8.6) 17 (48.6) EUS >2 cm 3(10.7) 12 (42.9)

Contingency tables of pNETs categorized as < or 22 cm. CT, computed tomography; EUS, endoscopic ultra-
sonography; MRI, magnetic resonance imaging; PA, pathology; pNET, pancreatic neuroendocrine tumor.

ranged from —-15.5 mm (95% CI: —20.3 to —10.6) to 15.1
mm (95% CI 10.2-19.9), and after 2011, ranged from
—10.0 mm (95% CI: —13.0 to —6.9) to 9.7 mm (95% CI
6.6-12.8).

The overall ICC for tumor size was 0.80 (95% CI: 0.65-
0.89), indicating moderate reliability of continuous tu-
mor size measurement between imaging and pathology
(Table 4). The ICCs of MRI, CT, and EUS were 0.86 (95%
CI: 0.69-0.94), 0.75 (95% CI: 0.48-0.89), and 0.76 (95%
CI: 0.50-0.88), respectively. These ICCs are probably due
to the relatively wide range of observed radiological and
pathological tumor sizes and therefore can adequately
distinguish between patients.

Clinical Implications

Forty-two patients (64.6%) were classified as having a
pNET =2 cm by imaging or pathology. For pNETs catego-
rized as < and >2 cm, agreement was 81.5%, indicating
that imaging and pathology classified patients differently
in 18.5% (n = 12/65) of the patients (Table 5). Of these
patients, 7 (10.8%) were operated on with a radiological
pNET >2 cm but had a pNET <2 cm according to pathol-
ogy (Table 6). On the contrary, 5 patients (7.7%) under-
went surgery for a histopathological pNET >2 c¢m, while
they would have been refrained from surgery based on
preoperative imaging. Agreement between MRI, CT, and
EUS, and pathology was 88.6, 85.7, and 75.0%, respec-
tively. In terms of percentage, MRI and CT would lead
least often to under- or overtreatment. Agreement was
similar for the patients with NE-pNETs, except for the
negative agreement of EUS. Before and after 2011, agree-
ment was 78.1 and 84.8%, respectively. In the subgroup
of patients with a preoperative MRI and EUS (n = 8), MRI
and pathology were concordant in 8/8 (100%), whereas
EUS and pathology were concordant in 6/8 (75.0%). In

Reliability and Agreement of
MENI1-Related pNET Size

the subgroup of patients with an NF-pNET, 12 (24.5%)
were classified as radiology and pathology <2 cm, 4 (8.2%)
as radiology <2 cm and pathology >2 cm, 6 (12.2%) as ra-
diology 22 cm and pathology <2 cm, and 27 (55.1%) as
radiology and pathology >2 cm.

For pNETSs categorized as < and 23 cm, agreement was
81.5%. Radiology was considered as >3 cm and pathology
as <3 cm in 3 patients (6.3%) and radiology <3 cm and
pathology =3 cm in 9 patients (16.7%).

Reliability was substantial, with a kappa of 0.63 (95%
CI: 0.40-0.78), indicating that 63% extra agreement was
observed beyond the chance agreement (Table 4). Strati-
fied for each modality, the kappa values ranged from
moderate to substantial (EUS 0.50 [95% CI: 0.11-0.78],
CT 0.71 [95% CI: 0.48-0.89], and MRI 0.77 [95% CI:
0.47-0.94]). Within NF-pNETs, reliability was slightly
lower, but still substantial for MRI and CT, whereas it was
considered fair for EUS (Table 4).

Discussion

The present study shows that preoperative tumor size
of MEN1-related pNETs was not systematically over- or
underestimated in a population-based cohort, reflecting
daily clinical practice. Mean bias was —0.2 mm and LoA
ranged from —12.9 to 12.6 mm, indicating that 95% of the
repetitions; the difference between radiological and path-
ological size will be less than 13 mm. Radiology and pa-
thology were in agreement for a pNET of 2 cm or larger
in 81.5%. Seven patients underwent surgery, while the tu-
mor was <2 cm, whereas 5 would be refrained from an
operation while they would be considered potential surgi-
cal candidates according to current insights. MRI ap-
peared to be superior to other modalities, but this was not
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formally tested. Furthermore, the data indicate that agree-
ment and reliability have increased in more recent years.

An overestimation of MEN1-related pNET size on im-
aging was previously reported [20]. In that study, patho-
logical size was 21 versus 13 mm in the present study, while
radiological size was similar [20]. Multiple differences ex-
ist between both studies. First, Polenta et al. [20] measured
histopathological size from fresh specimens, whereas the
histopathological report, including formalin fixation, was
leading in the current study. Although no data are avail-
able regarding effect of formalin fixation for pNETs, oth-
ers have assessed this in breast, lung, and renal tumors
[35-37]. A decrease in tumor size after formalin fixation
was reported in 4% (breast cancer) and 46.8% (lung can-
cer), respectively [35, 36]. Park et al. [36] observed a de-
crease of 4.06% and 0.66 mm between fresh and formalin-
fixed specimens, which is similar to the 4.6% reported in
renal tumors by Tran et al. [37]. Therefore, it is unlikely
that formalin fixation has contributed to the observed dif-
ferences, especially considering that major shrinkage will
occur during the processing after formalin fixation [35-
38]. Second, data were collected from daily clinical prac-
tice, indicating that no measurement criteria existed. In
addition, the transverse diameter, which was used to de-
termine radiological and pathological size by Polenta et al.
[20], is not necessarily the largest diameter used for clinical
decision-making, and determining the transverse diame-
ter could be challenging in histopathological examination.
Third, patients were included from population-based co-
hort, thereby increasing the sample size (73 vs. 44) and
making subgroup analyses more robust. MRI and CT data
were available in a larger proportion of the present cohort,
36 (49.3%) and 41 (58.9%) patients, respectively, com-
pared to 18 (40.9%) and 16 (36.4%) patients in the study
by Polenta et al. [20], especially EUS overestimated tumor
size — which tended to be similar in this cohort — while the
differences between MRI and pathology were smallest.
Last, data were analyzed according to current standards
for reproducibility research, which are endorsed by guide-
lines for reproducibility research [29].

Another single-center study has investigated MRI and
CT measurements with pathology in 292 patients with
sporadic pNETs [39]. Tumors were larger on imaging
and pathology (26 and 25 mm), reflecting differences be-
tween sporadic and MEN1-related pNET's. The mean bias
of MRI and CT was 0.2 and 1 mm, which is similar to that
of the present analysis. Nevertheless, compared to our
study, LoA were wider —15.4 to 15.8 and —15.7 to 17.7
[39]. Agreement coefficients are population specific, and
differences could be partially caused by the sporadic

714 Neuroendocrinology 2021;111:705-717

DOI: 10.1159/000510514

pNETs, since size estimation might be more difficult in
very large (symptomatic) tumors. In line, we also ob-
served large differences in some patients with pNETSs
larger than 5 cm. These results underscore that preopera-
tive imaging in MEN1 gives reliable estimates of tumor
size. EUS was not studied in the sporadic pNETs, but EUS
data are demanded considering its frequent use in pa-
tients with MEN1.

The relation between tumor size and risk of metastases
was described in 2006 and has been translated into the
2 cm cutoff for (NF-)pNET surgical decision-making [2,
10, 11]. In 12 patients (18.5%), imaging and pathology
were discordant regarding the 2 cm criterion. Similar re-
sults were observed for a potential 3 cm cutoff. Radiology
>2 c¢m and pathology <2 cm were observed in 5/27 pa-
tients (19%) with an NF-pNET by Polenta et al. [20],
compared to 6/49 patients (12.2%) with an NF-pNET in
the present cohort. Other studies investigated the concor-
dance between MRI and EUS for pNETSs >2 cm. Daskala-
kis et al. [40] observed a concordance of 97% in 31 pa-
tients with a kappa of 0.912. Barbe et al. [14] identified 20
patients with a pNET >2 cm on EUS or MRI, but EUS
classified 7 (35%) as <2 cm and MRI only 3 (15%). In the
current study, 8 patients had an MRI and EUS, showing
concordance between MRI and pathology in all cases and
between EUS and pathology in 6 out of 8. Hence, EUS
seems to classify pNETs as <2 cm more frequently than
MRI. Given the variability in tumor size in some indi-
vidual patients, relying solely on tumor size as indicator
for operative resection will be outdated in the near future.
JunD and CHES], interacting domains of Menin, have
been reported as risk factors in MEN1-related pNETs, but
those have not been validated [9, 12, 41, 42]. Recent in-
sightin the existence of alpha and beta subtypes of MEN1-
related pNETSs, which determine prognosis, might cause
a paradigm shift in patient selection for surgery [43, 44].
Subtype-specific cutoffs could be established, which
would underscore the need for accurate tumor size esti-
mation by using the most reliable modality.

In the debate on the most suitable imaging for MEN1-
related pNETSs, tumor size estimation should be consid-
ered. Although CT is widely available and frequently used
for anatomical planning preoperatively, repeated expo-
sure to ionizing radiation makes this modality less suit-
able for the lifelong screening for (NF)-pNETs in MEN1
(45, 46]. LoA were relatively wide, showing that CT is less
accurate for tumor size estimation. For adequate size
measurements on CT, a contrast difference is demanded
to adequately distinguish the tumor from surrounding
(unaffected) pancreatic parenchyma, which depends on
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the (hyper)vascularity of a pNET. This is even more chal-
lenging for iso- and hypovascular pNETs and MRI might
overcome these limitations. After 2011, LoA of CT were
more similar to those of MRI, and moreover, agreement
and reliability of pNET's categorized as 2 cm or larger be-
tween CT and pathology were comparable to MRI. CT
and MRI visualize surrounding organs including peri-
pancreatic lymph nodes and the liver, which is important
for pNET staging, but MRI is superior in the detection of
(p)NET liver metastases, and diffusion-weighted MRI in-
creases the sensitivity and specificity over conventional
MRI [47-50]. MRI and EUS are generally recommended
for the detection of pNET's [14, 46]. Both MRI and pathol-
ogy classified pNETs more often as 2 cm or larger than
EUS and pathology. In addition, EUS is operator depen-
dent and detects many very small NF-pNETSs that are not
of clinical significance but often misses clinically relevant
pNETs in the pancreatic tail and has a complication risk
[9, 14, 46]. On the other hand, EUS offers the possibility of
concurrent biopsies of suspected pNET's or lymph nodes
with subsequent grading of tumors and growth can be as-
sessed [51, 52]. Nevertheless, the need for diagnostic biop-
sies is uncertain in these patients, considering the very high
a priori chance [53]. Notwithstanding, a cost reduction of
0-67% for the diagnosis of MEN1-related pNET's by MRI
over EUS was recently reported [40]. The latter should be
investigated in a population-based cohort of MENI pa-
tients with pNETs, taking all costs into account.

The major strengths of the present study are the patient
inclusion from a population-based cohort including mul-
tiple MEN1 centers and the data collection from routine
care. Thus, reliability and agreement were investigated in
daily clinical practice [21]. The study also has several lim-
itations. Only patients undergoing surgery were included.
Since the decision to perform surgery has been center de-
pendent, small(er) tumors were included, thereby increas-
ing the generalizability of the results [10]. Size was only
measured once, and the workup was center- and physi-
cian-dependent, so imaging might have been chosen se-
lectively [7]. No standardized protocol for measurements
of size was available; in clinical practice, size measure-
ments on MRI or CT are generally performed in the axial
plane and acquisition of MRI sequences is often per-
formed in the axial plane. A potential predominance of
transverse measurements — instead of 3D size measure-
ments - is therefore a limitation of the study. However,
the latter probably has had no influence on the observed
outcomes, since no systematic over- or underestimation
of radiological size was noted. Nevertheless, future studies
should aim to identify the optimal measurement method-

Reliability and Agreement of
MENI1-Related pNET Size

ology - by using radiological acquisitions, which are suit-
able for 3D measurements, and taking intra- and interob-
server variation into account - to prospectively establish
a protocol for size measurements of pNETs which will im-
prove patient care. Numbers of patients were too small to
investigate the effect of center on agreement and reliabil-
ity. The time from imaging until surgery differed between
patients, but still the growth rate of NF-pNETs in MEN1
is generally low [9, 46]. Due to the rarity of MEN1, patients
were included over a relatively long time, so the quality,
experience, and techniques of CT, MRI and EUS might
have increased. Subgroup analyses, based on the period of
surgery, showed that the LoA were narrower in patients
operated on in 2011 and later compared to those operated
on before 2011. In addition, all 8 patients with a difference
of 15 mm or more between radiological and pathological
size were operated on before 2011.

In conclusion, preoperative tumor size is not system-
atically over- or underestimated. Nevertheless, in 18.5%
of patients, radiology and pathology would classify pa-
tients differently regarding the 2 cm cutoff, having direct
clinical implications. Agreement and reliability of MRI
seemed to be superior to CT and EUS for estimating tu-
mor size. In the debate on the preferred imaging modal-
ity for radiological pancreas screening programs in
MENT1, combining the diagnostic performance, several
other advantages, and reproducibility of radiological size,
we would suggest performing MRI.
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