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CHAPTER 2 - PREVALENCE, FEATURES

AND EXPLANATIONS OF MISSED AND
MISINTERPRETED PANCREATIC CANCER ON
IMAGING: A MATCHED CASE-CONTROL STUDY
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INTRODUCTION

The prognosis of pancreatic ductal adenocarcinoma (PDAC) is among the poorest of
all cancers with a 5-year survival rate of only 9%." Improvement in survival is con-
strained, given most patients are diagnosed with PDAC in an advanced stage due to
the late onset of symptoms. Since the 5-year survival rate of patients with localized
tumors (< 1 cm) is considerably better (71%—84%), early detection is imperative to
improve the prognosis and survival of PDAC.>’

PDAC arises from ductal epithelial cells and precursor lesions are common in the
general elderly population, including pancreatic intraepithelial neoplasia (PanIN),
intraductal pancreatic mucinous neoplasia (IPMN), and mucinous cystic neoplasia.*’
Although these precursor lesions predominantly harbor low-grade dysplasia, a frac-
tion will evolve into high-grade dysplasia and these are considered immediate pre-
cursors of PDAC.® The estimated time of progression from the initiation of PanIN
to PDAC and from PDAC to potential metastasis is 12 and 7 years, respectively.”®
Considering this slow progression, there is a notable window of opportunity to
detect early-stage PDAC or even precursor lesions with high-grade dysplasia.

The increasing utilization of cross-sectional-imaging, including multidetector com-
puted tomography (CT) and magnetic resonance imaging (MRI), poses a unique
opportunity for incidental detection of early-stage PDAC in patients undergoing
abdominal imaging for nonspecific or unrelated symptoms. Although both MRI
and CT are sensitive methods for detecting patients with symptomatic PDAC, the
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sensitivity of these modalities is limited in asymptomatic patients.”"” Subtle pancre-
atic masses or related features may not always be perceived, for instance when imag-
ing is performed in an emergency setting or for indications unrelated to the pancre-
as, or in hospitals without specific pancreatic expertise.

Interestingly, various studies have reported the presence of secondary imaging fea-
tures related to PDAC up to 5 years before the eventual diagnosis, such as pancreatic
duct dilation or interruption."" It remains unclear if these features are specific for
pre-diagnostic PDAC or can be observed in individuals who are not diagnosed with
PDAC in subsequent years, as only studies with limited sample sizes compared early
imaging features between cases and controls.”"® Therefore, the aim of this study was
to assess and compare the prevalence of suspected pancreatic masses and secondary
signs of PDAC on CT and MRI among two groups: patients diagnosed with PDAC
within 3 years of an imaging exam, and matched individuals who were not diag-
nosed with PDAC in subsequent years. In addition, possible explanations for miss-
ing or misinterpreting secondary signs and masses were evaluated in the case group.
The results of this study are valuable for raising awareness of specific secondary signs
of PDAC among clinicians and radiologists, for a better understanding of the radio-
logical errors underlying missing or misinterpreted secondary signs, and for empha-
sizing the importance of thorough review for these features on all imaging exams.

MATERIALS AND METHODS

STUDY DESIGN

A single-center, retrospective, case—control study was conducted among PDAC
patients with a pre-diagnostic CT- and/or MRI-exam 3 years prior to diagnosis,
and healthy individuals. Part of the subjects, i.e., 32 cases and 117 control subjects,
were used in a previously published study assessing the presence of pancreatic ste-
atosis on non-enhanced CT in patients with pre-diagnostic PDAC.*® This current
study focuses on distinct imaging features of pre-diagnostic PDAC on CT and
MR, instead of pancreatic steatosis on CT only. The study protocol was approved,
with waiver of consent, by the Institutional Review Board of Mayo Clinic Florida
(18—002403).

CASE SELECTION

Electronic medical records of all patients with histopathologically confirmed
PDAC, diagnosed between 2010 and 2016, were retrospectively reviewed. Patients
who underwent CT- and/or MR I-examinations 1 month—3 years prior to the diag-
nosis of PDAC were included in the study as cases. The date of PDAC diagnosis was
defined as the date of cytological or histological confirmation of the disease. If a sub-
ject had multiple CT- or MR I-exams in that time frame, the study nearest in time
to diagnosis was selected. All imaging protocols of pre-diagnostic CTs and MRIs
were included, to reduce selection bias and mimic real-world practice. Patients were

77 SECTION II - IMAGING AND ARTIFICIAL INTELLIGENCE



excluded when the pre-diagnostic imaging report clearly noted a pancreatic mass;
imaging was conducted within 4 weeks after abdominal surgery; PDAC was a
recurrence; or patients had a previous history of pancreatic surgery. Clinical vari-
ables of age, gender, tumor size at diagnosis, and time between imaging and diagno-
sis were retrospectively collected for cases and controls.

CONTROL SELECTION

Controls were selected in a 4:1 ratio to cases to increase the statistical power of the
study. Controls were defined as patients with CT- or MR I-examinations who did
not develop PDAC within 3 years after imaging. Control subjects were matched
to cases by gender, age, imaging modality (CT or MR), usage of contrast, date of
imaging (+3 months), and randomly selected from the internal radiologic database
Hluminate Insight™.* Medical records were reviewed to ascertain that controls had
at least 3 years of clinical follow-up after the selected imaging in which they did
not develop PDAC. Controls were excluded if lost to follow-up within 3 years after
imaging; imaging was conducted within 4 weeks after abdominal surgery; or a his-
tory of pancreatic malignancy or pancreatic surgery was reported.

IMAGING ANALYSIS

Two board certified abdominal radiologists (C.-W.B. and J.D.L), with 10 and 5 years
of experience, respectively, reviewed all CT- and MR-imaging exams blinded to
case and control status. Imaging exams were independently reviewed on a dedicat-
ed workstation using Visage 7.1 Picture Archiving and Communication System
(PACS). The exams were reassessed on radiological features of PDAC, including
the presence of a mass, (focal) atrophy and pancreatitis, perivascular soft tissue, and
pancreatic duct (PD) dilation (>3 mm) or interruption (Supplemental material 1).
When a mass was suspected, the confidence of the suspicion (high or low), size of the
mass, and TNM stage according to the American Joint Committee on Cancer stag-
ing (8th edition) were reported.

SECOND REASSESSMENT

After the blinded reassessment, reviewer 1 was unblinded for case and control status
and the reassessment results from reviewer 2. In addition, the original radiology
report, the indication of imaging and the location of the eventual tumor were pro-
vided. Reviewer 1 scored all available pre-diagnostic imaging reports according to
the 2016 revised RADPEER criteria, a peer review tool developed to assess diag-
nostic performance and identify areas for improvement on a 3-point scale (Supple-
mental material 1).> A score of 1 indicates agreement with the previous reader, a
score of 2 denotes a discrepancy in reading, yet categorized as an understandable
miss, and a score of 3 indicates a discrepancy in interpretation that should have been
made. All images with a RADPEER score of 2 or 3 were then assessed for possi-
ble explanations regarding missed or misinterpreted radiological features of PDAC,
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according to the classification of errors by Kim and Mansfield (Supplemental material 4).°
These include technical limitations, perceptual errors (i.e., abnormality is simply not seen) or
cognitive errors (i.e., abnormality is visually detected but incorrectly interpreted), and insuffi-
cient communication and/or follow-up.

STATISTICAL ANALYSIS

Microsoft Excel was used for data management and JMP Pro (v14.1.0 SAS Institute Inc, North
Carolina, USA) for statistical analysis. Continuous variables were reported as mean (stan-
dard deviation; SD) or median (range or interquartile range; IQR) and compared by either
Student T test or Mann—Whitney U test. Categorical variables were presented as frequencies
with percentages and compared using the Chi-square test or Fisher’s exact test. Two-sided p
values less than 0.05 were considered statistically significant. The interobserver agreement
between the reviewers was calculated using Cohen’s kappa (k); values<0 indicate no agree-
ment, 0.01-0.20 indicate none to slight, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61—0.80 sub-
stantial, and 0.81-1.00 almost perfect agreement. The sensitivity and specificity of secondary
signs of PDAC were calculated for both reviewers and reported with a 95% confidence interval.

RESULTS

Between 2010 and 2016, 595 patients were diagnosed with PDAC at our institution (Figure 1).
Seventy-one (11.9%) patients met the inclusion criteria and underwent cross-sectional imaging
within 3 years of diagnosis. Of 71 patients, 16 underwent both CT and MR1. A total of 60 CT-
and 27 MR I-examinations were evaluated. The indications for imaging of cases and controls
can be found in Supplemental material 2 (CT) and Supplemental material 3 (MRI).

CT

All 60 cases, who underwent CT-imaging in the 3 years prior to PDAC diagnosis, were
matched with 235 controls. Baseline characteristics are presented in Table 1. During reassess-
ment, at least one reviewer suspected a pancreatic mass in 37/60 cases, and 26/37 of these sus-
picions were with high confidence. Median mass size was 21 mm (range 8—50 mm), 11 were
staged onimaging as T1, 13 as T2, 1 as T3, and 1 as T4.

A pancreatic mass was suspected in 31/60 cases and in 3/235 controls by reviewer 1 (p<0.001).
Reviewer 2 suspected a mass in 30/60 cases and 2/235 controls (p<0.001). The interobserver
agreement between the two radiologists was substantial (k=0.69). The closer the pre-diagnos-
tic imaging occurred to the eventual PDAC diagnosis, the higher the percentage of suspected
masses by both reviewers (Figure 2). A detailed summary of the reassessment can be found in
Table 2.

MRI

In total, 27 cases with an MRI prior to diagnosis were identified and matched with 103 con-
trols. Baseline characteristics are presented in Table 1. The reviewers suspected a pancreatic
mass in 21/27 cases, of which 17 were with high confidence by at least one of the reviewers.
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Median mass size was 18 mm (range 8—43 mm). The staging of the 17 masses with high suspi-
cion were as follows: T1 (n=11), T2 (n=3), T3 (n = 1), and T4 (n = 1) and metastatic disease (n=1).
Reviewer 1 suspected a mass in 19/27 of the cases and 3/103 of the controls (p<0.001), and
reviewer 2 in 15/27 of the cases and none of the controls (p<0.001). The interobserver agree-
ment between the reviewers was substantial (k=0.66). Consistent with the reassessment of the
CT-exams, 2 mass was more often suspected when the imaging was conducted closer in time to
diagnosis (Figure 2). A detailed summary of the reassessment findings can be found in Table 2.

DIAGNOSTIC VALUE OF SECONDARY FEATURES ON MRI'AND CT

The sensitivity and specificity of possible secondary features of PDAC on MRI and CT,
including pancreatic duct dilation, pancreatic duct interruption, parenchymal and focal atro-
phy, acute pancreatitis and perivascular soft tissue, are reported in Table 3.

RADPEER SCORE AND RADIOLOGICAL ERRORS

The original radiology report of 48/60 CTs and 21/27 MRIs were available for evaluation of
errors that possibly led to missing or misinterpreting pancreatic abnormalities (Table 4). Tech-
nical limitations that may have hindered accurate assessment in CT-imaging included subopti-
mal slice thickness (>5 mm), non-contrast imaging, single phase imaging, and patient-related
factors. For MR, technical limitations included limited magnet strength (< 1.5 T), non-con-
trast imaging, poor or outdated technique, and motion artifacts. Stratified by the institution
of imaging, 10/28 and 9/28 of the available external CT-reports were scored as RADPEER 2
and 3, respectively. Of the internal CT-reports, 3/20 were scored as RADPEER 2 and 4/20 as
RADPEER 3. For MR, 5/5 of the external reports were scored as RADPEER 3, 7/16 inter-
nal reports as RADPEER 2 and 3/16 as RADPEER 3. Examples of missed CT-findings are
demonstrated in Figs. 3, 4, and 5.

For the 16/21 CT cases that were scored as RADPEER 1 (“concur with original interpreta-
tion”), the second unblinded reassessment did not reveal any abnormality of the pancreas. Of
the five cases with a retrospective abnormality, 3/5 had pancreatitis and 1/5 had an unsuspi-
cious cystic lesion. In the remaining RADPEER 1 case, the original report mentioned focal
PD dilation and mild fullness in the pancreatic head and recommended further evaluation with
MRI. Subsequent MRI and EUS were performed and demonstrated signs of chronic pancre-
atitis, but no distinct mass. Unfortunately, the patient developed jaundice 4 months later and
the second EUS demonstrated a clear mass.

For MR, 4/6 cases with a RADPEER score of 1 were unremarkable during the blinded and
second reassessment. One case was considered normal on the blinded reassessment by both
radiologists, however pancreatic duct interruption was questioned upon the unblinded reas-
sessment. Eventually, PDAC was diagnosed 16 months after the MRI. Another RADPEER 1
case had a complex side-branch IPMN in the head of the pancreas for which EUS was recom-
mended in the original report and by both reviewers. Due to altered anatomy after a gastric
bypass, the pancreatic head was not completely visualized at that time, and the patient was
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scheduled for annual follow-up because the cyst had been stable over the preceding year. Nev-
ertheless, the patient presented with severe weight loss 8 months later. MR then showed abut-
ment of vasculature by the cystic lesion and subsequent surgical resection revealed a 3.2 cm
IPMN with invasive adenocarcinoma. Examples of missed and misinterpreted MR I-findings
are demonstrated in Figs. 6 and 7.

DISCUSSION

The study results demonstrate that, in hindsight, a pancreatic mass can already be suspected on
pre-diagnostic imaging in 50—70% of patients up to 3 years before PDAC diagnosis. In addi-
tion, pancreatic duct dilation, duct interruption, focal atrophy, presence of perivascular soft
tissue, and imaging features of acute pancreatitis are strongly associated with pre-diagnostic
PDAC, since these features were almost exclusively found in cases and not in age- and gen-
der-matched controls. These results underline that a majority of masses are not (entirely) occult
on pre-diagnostic imaging, even if the imaging is performed>12 months prior to the even-
tual diagnosis. These results are in agreement with previously reported smaller series.”*'”!%>*
Ahn et al. reported on focal hypoattenuation in all three missed PDAC cases with CT-imag-
ing > 18 months prior to diagnosis, whereas Gangi et al. found PDAC-related features in 50%
of patients with imaging 6—18 months prior to diagnosis, but in only 7% of patients with imag-
ing> 18 months prior to diagnosis.””'® Another study found that the mean interval between
the first abnormalities seen on MRI in patients with prediagnostic PDAC and the eventual
diagnosis was 17 months. In addition, the reviewers in our study were able to detect pancreatic
masses with high confidence more frequently on MRI over CT, with the caveat of fewer sub-
jects having pre-diagnostic MR.

As many as 12% of PDAC patients underwent either an MRI or CT in the pre-diagnostic
phase of PDAC, indicating a significant group that could have been diagnosed in an earlier
stage of the disease. This study was not designed to assess whether diagnosis at the time of the
pre-diagnostic imaging would have led to improved survival. However, more than half of the
visible masses in this study were staged as T1. Moreover, the results of another recent study
on CT-findings in patients with new-onset diabetes who were subsequently diagnosed with
PDAC suggested that earlier diagnosis would have led to improved resectability and survival
beyond lead time."

As stated earlier, PanIN with high-grade dysplasia and early invasive PDAC lesions do not
generally form clear hypodense masses. Still, they may cause visible changes of the pancreatic
parenchyma and the pancreatic duct, and these changes are rarely observed in patients who do
not subsequently develop PDAC, as demonstrated in this study. Focal parenchymal atrophy
may be a less known PDAC-related imaging feature, but was observed on CT and MRI in
46%—49% of cases and only in one control patient. These results confirm the conclusion of
recently published papers, who recognized focal atrophy as one of the first radiological fea-
tures of early-stage PDAC.”?® Current practice may underestimate the importance of these
secondary findings, especially in the absence of a distinct mass. For patients with PD dilation,
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interruption, and focal atrophy, thorough examination (e.g., dedicated pancreas imaging with
MRI/MRCP, CT or endoscopic ultrasound) and close follow-up is recommended.
Aforementioned secondary findings may be harder to interpret in patients with acute and
chronic pancreatitis. Some of the cases in our study had no clinical symptoms of acute pancre-
atitis, while they did have radiological features of inflammation, emphasizing the importance
of confirming imaging findings with the clinical presentation. A previous study demonstrated
that an interrupted and dilated PD in the acute setting of pancreatitis was associated with a
near-future diagnosis (24 months) of PDAC.?” Therefore, these features could potentially aid
in distinguishing between PDAC-induced pancreatitis and “regular” acute pancreatitis. On
the other hand, in the setting of chronic pancreatitis, radiological features like duct dilation
and interruption may be less specific for PDAC as investigated in a small case—control study
of patients with PDAC and chronic pancreatitis.” In their study, PDAC was also suspected in
83% of the patients with chronic pancreatitis, predominantly based on the presence of ductal
dilation and interruption.

For research to lead to quality improvement, not only the identification of a problem and its
prevalence are important, but also the investigation into the cause of the problem. Discrep-
ancies in interpretation (RADPEER 2 and 3) were more likely to occur in imaging obtained
external to our center, particularly in MRI. This finding is in accordance with a meta-analysis
on discrepancy rates for body MRI when re-read by a subspecialist.”® Therefore, re-reading
of imaging exams should always be structured and formal, avoiding fixation on external-
ly reported conclusions. Regarding the possible radiological errors that may have hampered
accurate detection at the time of imaging, underreading was the most commonly identified
error in our study (47% of errors in MR, 57% in CT), in accordance with previous results.”
Considering the majority of errors are perceptual, an automatic “red-flag system” using artifi-
cial intelligence may improve the incidental detection of early-stage tumors in future practice.
Simultaneous imaging interpretation by such a system and the radiologist may point out areas
of interest for further investigation, and therefore improve both the accuracy and efficiency of
cross-sectional imaging.”

Although we conducted a comprehensive, matched, case—control study on pre-diagnostic
radiological findings of both CT and MR and presented novel findings, our study may be lim-
ited by some factors. To start, our case group had a limited sample size and comprises a hetero-
geneous group with either CT or MRI with various imaging protocols. Approximately 35%
of the reassessed CTs in this study were obtained without contrast, which may have restricted
the radiologists’ ability to assess the presence of lesions and secondary signs. This represents
a real world scenario, in which unfortunately not all opportunities to detect pre-diagnostic
pancreatic cancer will be according to ideal imaging protocols. When pancreas pathology is
suspected, the next immediate step after substandard imaging would be to follow-up with the
optimal CT and MRI protocols for assessing the pancreas according to society recommenda-
tions. Other limitations include the possibility of selection bias as only 12% of PDAC patients
had a pre-diagnostic imaging exam available. We acknowledge that the broad utilization
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of cross-sectional imaging only applies to select countries where these resources are readily
available and that early detection on abdominal imaging is not as feasible in areas stressed for
resources. Although we have attempted to identify and categorize the radiological errors that
may have led to missing or misinterpreting (features of) PDAC, we acknowledge that this is
subjectively determined in retrospect.

To conclude, our findings indicate that PDAC-related features on abdominal imaging can be
present long before PDAC is diagnosed. These features are rarely present in individuals who
are not diagnosed with PDAC, and therefore dedicated pancreas imaging is warranted if these
features are found. Future research should focus on an automated second review that can detect
otherwise missed lesions or secondary signs, aided by artificial intelligence. In addition, pro-
spective studies should point out if early detection of PDAC would indeed lead to improved
survival.
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TABLES

Table 1. Baseline characteristics

Ct

Female, n (%)

Age at diagnosis, mean (SD)
Age at imaging, mean (SD)

Time between imaging and diagnosis, months,
median (IQR)
Tumor size (mm) at diagnosis, median (IQR)

CT protocol

» CT without contrast, n (%)

» CT with iv contrast, n (%)

» CT with and without IV contrast, n (%)
CT slice thickness, median (IQR)

Imaging institution

* Internal, n (%)

* External, n (%)

Mri

Female, n (%)

Age at diagnosis, mean (SD)
Age at imaging, mean (SD)

Time between imaging and diagnosis, months,
median (IQR)
Tumor size (mm) at diagnosis, median (IQR)*

MRI protocol

MRI with and without contrast, n (%)
MRI+MRCP with and without contrast, n (%)
MRI without contrast, n (%)

MRCP only without contrast, n (%)
Dwi available, n (%)

Magnet strength (Tesla)®

* 0.7, n (%)

* 1.5, n (%)

*3,n (%)

Imaging institution

* Internal, n (%)

* External, n (%)
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Cases (n=60)

23 (38.3)
68.5 (10.9)
67.5 (10.8)
7.9 (4.7-14.7)

28 (21-33)

21 (35.0)
26 (43.3)
13 (21.7)
5 (5-5)

20 (33.3)
40 (66.7)
Cases (n=27)

15 (55.6)
68.7 (7.8)
679 (7.7)
7.4 (4.3-13.4)

25 (21-28)

14 (51.9)
9 (33.3)
2 (74)

2 (74)
19 (73.1)

| 3.8)
18 (69.2)
7 (26.9)

16 (59.3)
Il (40.7)

Controls (n=235)

92 (39.1)

67.2 (10.5)

79 (33.6)
105 (44.7)
51 (21.7)
5 (5-5)

235 (100)

Controls (n=103)

59 (57.3)

67.3 (7.2)

79 (76.7)
22 (21.4)
2(1.9)

100 (97.1)

8l (78.6)
22 (21.4)

103 (100.0)

P value

1.00

.86

.98

37

<.00l

P value

1.00

72

.0l

<.00l

<.00l



Table 2. Blinded reassessment CT- and MR- imaging

CT

Normal pancreas, n (%)

Signs of acute
pancreatitis, n (%)

« Diffuse
* Focal

Signs of chronic
pancreatitis, n (%)

Pancreatic cystic lesion,
n (%)

Pancreatic duct dilation
(>3 mm), n (%)

Pancreatic duct
Interruption, n (%)

Parenchymal atrophy,
n (%)

« Diffuse

* Focal

Pancreatic mass, n (%)
* High confidence

* Low confidence
Perivascular soft tissue

CBD diameter, median
(range)

Reviewer |

Cases
(n=60)

9 (15.0)
6 (10.0)

4 (66.7)
2(33.3)

10 (16.7)

12 (20.0)

12 (20.0)

34 (56.7)

18 (52.9)
16 (47.1)
31 (51.7)
19 (61.3)
12 (38.7)
7(11.7)
4(26)

Controls
(n=235)

158 (67.2)
3(1.3)

2 (66.7)
| (33.3)
| (0.4)

14 (6.0)

65 (27.7)

65 (100)
3(1.3)
3(13)
| (0.4)
3 (14)

p value

<.00l
0.003

>.99

0.014

<.001I

<.001I

<.001I

<.001I

<.00l
0.076

<.00l
0.310

Reviewer 2

Cases
(n=60)

11 (18.3)
7(11.7)

4(57.1)
3 (42.9)

8 (13.3)

15 (25.0)

25 (41.7)

24 (40.0)

13 (54.2)
I (45.8)
30 (50.0)
20 (66.7)
10 (33.3)
8 (15.4)
3(27)

Controls
(n=235)

173 (73.6)
3(1.3)

| (33.3)
2 (66.7)
1 (0.3)

13 (5.5)

| (0.4)

46 (19.6)

45 (97.8)
1 (2.2)
2(09)
2 (100)

3(16)

p value

<.00l
<.001

>.99

>.99

0.048

<.00l

<.00l

<.00l

<.00l

<.00l

<.001
.03
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Reviewer | Reviewer 2
Cases Controls p value Cases Controls p
(n=27) (n=103) (n=27) (n=103) value
Normal pancreas, n (%) 2 (7.4) 61 (59.2) <.00l I 3.7) 61 (59.2) <.00I
Signs of acute 4 (14.8) - 0.002 2 (74) - .04
pancreatitis, n (%)
* Diffuse - - N/A - - N/A
* Focal 4 (100.0) - 2 (100.0) -
Signs of chronic (1) I (1.0) 0.028 I 3.7) | (1.0) .37
pancreatitis, n (%)
Pancreatic cystic lesion, 11 (40.7) 41 (39.8) 0.93 14 (51.9) 40 (38.9) 22
n (%)
Pancreatic duct dilation 11 (40.7) = <.00l 13 (48.1) = <.00l
(>3 mm), n (%)
Pancreatic duct 12 (44.4) - <.00l 14 (51.9) - <.00l
interruption, n (%)
Parenchymal atrophy, 19 (70.4) 24 (23.3) <.00l 17 (63.0) 16 (15.5) <.00l
n (%)
» Diffuse 10 (52.6) 24 (100.0) <.00l 7 (41.1) 16 (100.0) <.00l
* Focal 9 (47.4) — 10 (48.9) —
Pancreatic mass, n (%) 19 (70.4) 3 (2.9 <.00l 15 (55.6) - <.00l
* High confidence 14 (73.7) I (33.3) 0.227 12 (80.0) - N/A
* Low confidence 5(26.3) 2 (66.7) 3 (20.0) -
Perivascular soft tissue 3(I1T) - 0.008 & &
CBD diameter in mm, 4 (1) 5(10) 0.021 5.509) 4.0 (9) .0l

median (range)

CT computed tomography, MRl magnetic resonance imaging, CBD common bile duct
*Data missing from second reviewer
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Table 3 Sensitivity and specificity of pancreatic features found on CT and MRI

Reviewer | Reviewer 2 k
Sensitivity Specificity Sensitivity Specificity
% (95% CI) % (95% CI) % (95% CI) % (95% CI)

Pancreatic duct dilation(>3 mm)

MRI 11727 103/103 13/27 103/103 0.76
40.7 100.0 48.2 100.0
(22.4-61.2) (96.5-100.0) (28.7-68.1) (96.5-100.0)

CcT 12/60 235/235 15/60 234/235 0.78
20.0 100.0 25.0 99.6
(10.8-32.3) (98.4-100.0) (14.7-37.9) (97.7-100.0)

Pancreatic duct interruption

MRI 12/27 103/103 14/27 103/103 091
44.4 100.0 51.9 100.0
(25.5-64.7) (96.5-100.0) (32.0-71.3) (96.5-100.0)

CT 12/60 235/235 25/60 235/235 0.51
20.0 100.0 41.7 100.0
(10.8-32.3) (98.4-100.0) (29.1-55.1) (98.4-100.0)

Parenchymal atrophy

MRI 19/27 79/103 17/27 87/103 0.63
70.4 76.7 63.0 84.5
(49.8-86.3) (67.3-84.5) (42.4-80.1) (76.0-90.1)

CT 34/60 170/235 24/60 189/235 0.40
56.7 72.3 40.0 80.4
(43.2-69.4) (66.2-78.0) (27.6-52.5) (74.8-85.3)

Focal atrophy

MRI 9127 103/103 10/27 103/103 0.94
33.3 100.0 37.0 100.0
(16.5-54.0) (96.5-100.0) (19.4-57.6) (96.5-100.0)

CT 16/60 235/235 11760 234/235 0.58
26.7 100.0 18.3 99.6
(16.1-39.7) (98.4-100.0) (9.5-30.4) (97.7-100.0)

Acute pancreatitis

MRI 4/27 103/103 2127 103/103 0.66
14.8 100.0 74 100.0
(4.2-33.7) (96.5-100.0) (0.9-24.3) (96.5-100.0)

CT 6/60 232/235 7/60 232/235 0.73
10.0 98.7 1.7 98.7
(3.8-20.5) (96.3-99.7) (4.8-22.6) (96.3-99.7)

Perivascular soft tissue

MRI 3/27 3/27 & & <
1.1 I.1
(2.35-29.2) (2.35-29.2)

CT 7/60 234/235 8/60 235/235 0.6
1.7 99.6 13.3 100.0
(4.8-22.6) (97.7-99.9) (5.9-24.6) (98.4-100.0)

Cl confidence interval, MRl magnetic resonance imaging, CT computed tomography, k Cohen’s Kappa for
interobserver agreement
*Data missing

34 SECTION II - IMAGING AND ARTIFICIAL INTELLIGENCE



Table 4 RADPEER and radiological errors

CT MRI
Orriginal report available 48/60 21127
RADPEER [, n (%) 2| (43.8) 6 (28.6)
RADPEER 2, n (%) 14 (29.2) 7 (33.3)
RADPEER 3, n (%) 13 (27.0) 8 (38.1)
Time between imaging and diagnosis, months
RADPEER |, mean (SD) 15.4 (10.7) 13.7 (7.2)
RADPEER 2, mean (SD) 9.4 (7.5) 9.6 (5.8)
RADPEER 3, mean (SD) 6.6 (3.9) 8.0 (7.8)
Radiological errors
Underreading, n (%) 16 (57.2) 10 (45.5)
Faulty reasoning, n (%) 5(17.9) 1 (4.5)
Satisfaction of search, n (%) 3 (10.7) 7 (31.9)
Poor communication, n (%) 2 (7.1) 2 (9.1)
Difficult location of lesion, n (%) 2 (7.1) -
Lack of knowledge, n (%) - 1 (4.5)
Complacency, n (%) - 1 (4.5)
Total, n (%) 28 (100) 22 (100)
Technical limitations 35/60 15/27

MRI magnetic resonance imaging, CT computed tomography, SD standard deviation
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FIGURES

All patients diagnosed with POAC
between 2010-2016 at our instutition

(n=595) Excluded because:
No prior imaging, no confirmed PDAC,
| _ clearly reported mass on prediaganostic
+ = imaging, recurrent disease, previous
pancreatic surgery
Pationts i (n=535)
atients with confirmed PDAC and CT

(n=60)and/or MR (n = 27) within 3
years prior to diagnosis

Matched with:
l - CT: 235 control subjects
- MRI: 103 control subjects
Total cases included: Based on age, gender, usage of contrast,
-CT only (n=44) and date of imaging
-MRIonly (n=11)
-CTand MRI(n=16)

Figure 1. Flow chart of patient inclusion

—+—Reviewer 1 CT —#—Reviewer2CT
—4—Reviewer 1 MRI -« Reviewer 2 MRI

100
90
80
70
60
50
40
30
20
10

o

36-25 24-13 12-7 6-1
MONTHS BEFORE PDAC DIAGNOSIS

% OF CASES WITH A SUSPECTED MASS

Figure 2. Suspected masses according to the time before PDAC diagnosis. This figure indicates the percentage of
masses found by the reviewers on pre-diagnostic imaging, grouped by months prior to PDAC diagnosis. The graph
shows an upwards trend toward more masses being recognized closer to diagnosis
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Figure 3. RADPEER 3 Score on CT—underread and missed findings. A case of a 48-year old female with epigastric
pain. Axial postcontrast venous phase C'T images (A, B) demonstrate pancreatic duct dilation (arrow) with abrupt ter-
mination in the head at a 20 mm hypodense mass (bracket). An example of an underread and missed finding with only
a “prominent” pancreatic duct described in the initial interpretation. Both expert readers independently appreciated this
mass with high confidence, witha RADPEER 3 score. The patient was eventually diagnosed with PDAC 6 months

later, when she presented with recurrent pain, jaundice and weight loss and abdominal imaging revealed a pancreatic
head mass

Figure 4. RADPEER 3 score on CT—underread and missed findings. This 69-year old male underwent imaging
for evaluation of aspecific abdominal complaints. Axial postcontrast venous phase C'T images at the level of the uncinate
process (A) and 15 mm caudal at the root of the mesentery (B). A nearly isodense mass (arrow) is barely discernable,
however, more striking is the extensive perivascular soft tissue (brackets) encasing the SMA and SMV to the level of
branching in the root of the mesentery. The findings were missed on initial interpretation. Both expert readers inde-

pendently reported the soft tissues encasement with high confidence. These findings must be treated as an occult mass
until proven otherwise.
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Figure 5. RADPEER 3 score on CT—underread and technical limitations. 82-year old male who underwent a CT
abdomen for suspicion of bladder/kidney stones. Axial non-contrast CT (A) demonstrating normal parenchyma in the
pancreatic body (arrows) with focal atrophy involving the tail (brackets). The original report noted the pancreas as unre-
markable. Both reviewers suspected a pancreatic mass and pancreatic atrophy; reviewer 1 with high confidence and focal
tail atrophy, reviewer 2 with low confidence and diffuse atrophy. The patient was subsequently diagnosed with pancreatic
cancer in the tail almost 9 months later. This illustrates a technical limitation of non-contrast C'T with underreading as a

perceptual bias.

A B

Figure 6. RADPEER 3 score on MR I—missed finding and satisfaction of search. A case of a 63-year old female
that underwent an MRI because of a presumed episode of pancreatitis. Axial T2w fat saturated (A) and axial T1w
fat saturated arterial phase image (B) from an outside institution demonstrate pancreatic duct dilation (arrows) and
disruption terminating at a 25 mm hypoenhancing tail mass (brackets) with small pseudocyst (arrowhead) in the splenic
hilum. The initial interpretation described the pseudocyst and multiple liver cysts; an example of missed finding and sat-
isfaction of search. Both expert readers independently identified the mass and secondary findings with high confidence.
The patient presented with recurrent symptoms 8 months later and abdominal imaging revealed a pancreatic tail mass.
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Figure 7. RADPEER 3 score on MR I—misinterpretation. 63-year old male who underwent an MR because of
an accidental finding of hepatomegaly on CT. Axial T2w fat saturated (A), axial T1w fat saturated venous phase (B),
and axial T1w precontrast (C) images from an outside institution demonstrate pancreatic duct dilation (arrows) with
abrupt terminating at a 25 mm hypoenhancing mass in the body (brackets). T'1w precontrast images can be helpful for
identifying the demarcation between normal hyperintense parenchyma (asterisks) and hypointense mass with atrophy.
On initial report, this lesion was misinterpreted as a “likely benign cyst”; an example of misinterpretation with faulty
reasoning and likely lack of knowledge (as a cyst would demonstrate T2 hyperintensity). Both expert readers identified

the mass and secondary findings with high confidence. The patient was eventually diagnosed with metastatic pancreatic
cancer 4.5 months later
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SUPPLEMENTAL MATERIALS
SUPPLEMENTAL MATERIAL I.

IMAGING ANALYSIS — CT - BLINDED REVIEW OF MISSED AND
MISINTERPRETED FEATURES

= CT with or without contrast

*  Pancreasnormal? 1 =yes, 0 =no
*  Greatest CBD diameter (mm)

= Acute pancreatitis? 1 = yes, 0 = no

o If AP, location 0 = uncinate 1 =head 2 =body 3 = tail 4= diffuse
99 = Unknown 88 = Not applicable

= Chronic pancreatitis? 1 =yes, 0 =no

o IfCP, severity according to Cambridge classification (equivocal =
1, mild = 2, moderate = 3, severe = 4)

*  Pancreatic Cystic lesion (PCL)? 1 = yes, 0 =no

o IfPCL,location 0=uncinate 1 =head 2 =body 3 = tail 4= diffuse
99 = Unknown 88 = Not applicable

o IfPCL, define most likely type FREE TEXT 99 = Unknown 88
= Not applicable

=  Pancreatic mass? 1 =yes, 0 =no

o Ifmass, confidence level 1 =high, 0 =low

o Ifmass, location 0 = uncinate 1 =head 2 = body 3 = tail 4= diffuse
99 = Unknown 88 = Not applicable

o Ifmass, size (mm) greatest axial

*  Greatest PD diameter (mm)

o Ifdilated (> 3 mm), location greatest PD diameter 0 = uncinate 1 =
head 2 = body 3 = tail 4= diffuse 99 = Unknown 88 = Not appli-
cable

*  Disrupted PD?

o0 Location disrupted PD 0 = uncinate 1 = head 2 =body 3 = tail 4=
diffuse 99 = Unknown 88 = Not applicable

= Parenchymal atrophy? 1 = yes, 0 =no

o Ifatrophy, location: 0 = uncinate 1 =head 2 =body 3 = tail 4=
diffuse 99 = Unknown 88 = Not applicable

0 Enhancement pancreas venous or pancreas phase? 0 = hypo 1 =iso
2 =hyper 88 =N/A 99 = unknown

*  Perivascular soft tissue 1=yes, 0=no

*  Recommend additional imaging for within 4 weeks 1 = yes, 0 =no

*  Recommend additional imaging, but later than 4 weeks 1 = yes, 0 = no
= Comments
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IMAGING ANALYSIS — MRI - BLINDED REVIEW OF MISSED AND
MISINTERPRETED FEATURES

=  MRI protocol

*  Pancreasnormal? 1 =yes, 0 =no
*  Greatest CBD diameter (mm)

=  Acute pancreatitis? 1 =yes, 0 =no

o If AP, location 0 = uncinate 1 = head 2 =body 3 = tail 4= diffuse
99 = Unknown 88 = Not applicable

= Chronic pancreatitis? 1 = yes, 0 = no

o IfCP, severity according to Cambridge classification (equivocal =
1, mild = 2, moderate = 3, severe = 4)

*  Pancreatic Cystic lesion (PCL)? 1 = yes, 0 = no

o IfPCL, location 0 =uncinate 1 =head 2 =body 3 = tail 4= diffuse
99 = Unknown 88 = Not applicable

o IfPCL, define most likely type FREE TEXT 99 = Unknown 88
= Not applicable

=  Pancreaticmass? 1 =yes, 0 =no

o Ifmass, confidence level 1 = high, 0 =low

o Ifmass, location 0 = uncinate 1 = head 2 = body 3 = tail 4= diffuse
99 = Unknown 88 = Not applicable

o Ifmass, size (mm) greatest axial

*  Greatest PD diameter (mm)

o Ifdilated (> 3 mm), location greatest PD diameter 0 = uncinate 1 =
head 2 = body 3 = tail 4= diffuse 99 = Unknown 88 = Not appli-
cable

*  Disrupted PD?

0 Location disrupted PD 0 = uncinate 1 = head 2 =body 3 = tail 4=

diffuse 99 = Unknown 88 = Not applicable
*  Parenchymal atrophy? 1 =yes, 0 =no

o Ifatrophy, location: 0 = uncinate 1 =head 2 =body 3 = tail 4=

diffuse 99 = Unknown 88 = Not applicable
*  Enhancement pancreas venous or pancreas phase? 0 = hypo 1 =iso 2 = hyper 88
N/A 99 = unknown
*  T1signallesion? 0 =hypo, 1 =iso, 2 = hyper

= T2 signal lesion? 0 = hypo, 1=is0,2= hyper

=  DWIsequences available? 1 = yes, 0 = no

*  DWIon 800 lesion? restriction 1 = yes 0 = no

*  Most conspicuous on which sequence? Free text

*  Recommend additional imaging for within 4 weeks 1 =yes, 0 =no

*  Recommend additional imaging, but later than 4 weeks 1 = yes, 0 =no
= Comments
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SECOND REASSESSMENT — UNBLINDED RADPEER EVALUATION

Reassessment factors in bold below were provided prior to the Radiologist’s
unblinded evaluation.
R eassessment factors not in bold were scored by the Radiologist during the
unblinded evaluation.
*  Modality (CT or MR)
o IfMRI: DWI available?
= Months between imaging and diagnosis
®  Indication of imaging
»  Reassessment Reviewer 1 (most serious finding)
= Reassessment Reviewer 2 (most serious finding)
*  Original report
= Location PDAC (eventual diagnosis)
*  Unblinded reassessment: signs of a mass?
= RADPEER score:
o 1= concur with interpretation;
o 2= discrepancy in interpretation but “an understandable
miss’;
o 3 = discrepancy in interpretation that would have been
expected to be made
o+ a/b:a=unlikely to be clinically significant; b = likely to be
clinically significant.
®  Technical limitations (CT: usage of contrast, slice thickness, protocol,
MRI: Magnet strength, protocol, DWI). Patient factors: motion, obesity.
= Perceptual bias (incl. underreading, location, satisfaction of search).
*  Cognitive bias (incl. complacency, faulty reasoning, lack of knowledge,
communication, prior examination, history, complication, satisfaction of
report).
= Ifsuspected tumor on pre-diagnostic CT, TNM stage
*  Ifsuspected tumor, size (mm)
*  When size not in agreement, final measurement (imm)
= Comments (for example, illustrative example CT/MR, please include
series and slice number
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SUPPLEMENTAL MATERIAL 2

Indications for CT-imaging

(Follow-up) hepatobiliary disease, n (%)
(Follow-up) pancreatic disease, n (%)

* Cystic lesion, n (%)

* Chronic/acute pancreatitis, n (%)

* Steatorrhea

Follow-up cancer, n (%)

(Follow-up) renal or urinary tract disease, n (%)
Abdominal pain, n (%)

Weight loss, n (%)

(Follow-up) vascular disease, n (%)

Other, n (%)
Missing, n (%)
Total

SUPPLEMENTAL MATERIAL 3

Indications for MR-imaging
(Follow-up) hepatobiliary disease, n (%)
(Follow-up) pancreatic disease, n (%)
* Cystic lesion, n (%)

* Chronic/acute pancreatitis, n (%)

* Abnormality pancreas, n (%)
Follow-up cancer, n (%)

(Follow-up) renal disease, n (%)
Abdominal pain, n (%)

(Follow-up) vascular disease, n (%)
Other, n (%)

Total
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Cases (n=60)
2 (3.3)
9 (15.0)
3(5.0)
5(8.3)

1 (1.7)
12 (20.0)
4 (6.7)
24 (40.0)
1 (1.7)

1 (1.7)

2(3.3)
5(8.3)
60

Cases (n=27)
8 (29.6)

12 (44.4)
-6(222)

-4 (14.8)
-2(74)

2 (7.4)

1 (3.7)

4(14.8)

27

Controls (n=235)
16 (6.8)

| (0.4)

1 (0.4)

42 (17.9)

74 (31.5)

67 (28.5)

3(1.3)

17 (7.2)

I5 (6.4)

235

Controls (n=103)
67 (65.0)
7 (6.8)
-5(4.9)
-1(1.0)
-1(1.0)
13 (12.6)
8(7.8)
4(3.9)
3(2.9)

I (1.0)
103



SUPPLEMENTAL MATERIAL 4
TABLE I: Classification of Errors in Diagnostic Radiology

Type
[

Cause of Error

Complacency

Faulty reasoning

Lack of knowledge

Underreading

Poor communication
Technique

Prior examination
History

Location

Satisfaction of search

Complication

Satisfaction of report

Explanation

Error of overreading and misinterpretation, in which a finding
is appreciated but is attributed to the wrong cause

Error of overreading and misinterpretation, in which a finding
is appreciated and interpreted as abnormal but is attributed
to the wrong cause. Misleading information and a limited
differential diagnosis are included in this category

The finding is seen but is attributed to the wrong cause because
of a lack of knowledge on the part of the viewer or interpreter

The finding is missed

The lesion is identified and interpreted correctly, but the
message fails to reach the clinician

The finding is missed because of the limitations of examination or
technique

The finding is missed because of failure to consult prior
radiologic studies or reports

The finding is missed because of acquisition of inaccurate or
incomplete clinical history

The finding is missed because of the location of a lesion outside
the area of interest on an image, such as in the corner of an
image

The finding is missed because of failure to continue to search for
additional abnormalities after the first abnormality was found

Complication from a procedure

The finding was missed because of complacency of report,
and overreliance of the radiology report of the previous
examinations

Note-This classification scheme is a modification of the schemes by Smith [2] and Renfrew et al. [3].

Reprinted with permission from ‘Fool Me Twice: Delayed Diagnoses in Radiology With Emphasis on
Perpetuated Errors’, Young W. Kim and Liem T. Mansfield [23], the American Journal of Roentgenology, 202/3,
Copyright© 2014, American Roentgen Ray Society, ARRS, All Rights Reserved.
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