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Abstract

Rationale and Objectives—To determine the impact of second opinion assessment on cancer
staging and patient management in patients with pancreatic ductal adenocarcinoma.

Methods and Materials—This retrospective study was approved by our IRB with a waiver of
informed consent. Second opinion reports between January 1, 2009, and December 31, 2013,
alongside outside reports for 65 consecutive cases of biopsy-proven pancreatic adenocarcinomas
were presented in random order to two experienced abdominal surgeons who independently
reviewed them blinded to the origin of the report, images of the examinations, and patient
identifier. Each surgeon filled in a questionnaire for each report recommending cancer staging and
patient management. Recommended patient management and staging were evaluated against
reference standards (actual patient management at 6 months following second opinion assessment,
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and pathology or other clinical and imaging reference standards at 6 months or longer,
respectively) using Cohen’s kappa.

Results—Cancer staging differed in 13% (9/65) of cases for surgeon 1 and 18,4% (12/65) for
surgeon 2. Patient management changed in 38,4% (25/65) of cases for surgeon 1 and 20% (13/65)
for surgeon 2. When compared with the pathologic staging gold standard, second opinion was
correct 85,7% (6/7) of the time for both surgeons. Recommended patient management from
second opinion reports showed good agreement with the reference standard (weighted « = 0.6467
(0.4014-0.892 and weighted x = 0.6262 (0.3954-0.857) for surgeon 2.

Conclusion—Second opinion review by subspecialized oncology radiologists can impact patient
care, specifically in terms of management decision.

Introduction

The increasing complexity of medical imaging has led to organ/disease sub specialization
within the subfields of radiology. One of the latest subspecialties to emerge is oncologic
imaging (1). The discrepancy between two radiologists reporting on the same images is a
phenomenon that has been known since 1949 (2). Different studies have reported clear
clinical benefits in introducing second opinion imaging review in both abdominal radiology
gynecological imaging and neuro-radiology (3-6). In most clinical practices, it is not
possible for every imaging study to be interpreted by a radiologist with subspecialty training.
In this setting, general radiologists often fill the gap of subspecialty radiologists. However, it
is common practice at many tertiary referral institutions for clinicians and surgeons to
request second opinion review of images by subspecialty radiologists, most of the time
without writing a new formal report. This is possible since no new imaging is needed, but
only new image interpretation (7). This informal radiologic opinion is often reported in the
patients’ chart by the clinicians and surgeons, but without the chance for the second opinion
interpreting radiologist to review it. Furthermore, there is no reimbursement for this type of
subspecialty second opinion to the interpreting radiologist. Another type of second opinion
is asked for during or before multidisciplinary disease management team (DMT) meetings.
Nowadays, many tertiary referral centers rely on DMTSs for discussion of management of
different type of cancers. During these meetings, outside radiological exams are reviewed by
a subspecialty-trained radiologist without the issue of a formal report, often changing the
management of the disease. In case of other specialties such as surgery or clinical specialties
a second opinion practice is commonly accepted and reimbursed, whereas the rationale for
reimbursing radiological reassessments and for new reports issuing is still under debate (5).
Multiple studies have reported a 1-20% discrepancy in image interpretation (6). A disease-
based formal study is needed to assess the benefits of such second opinion reads in terms of
changes in patient management.

Our study focused on biologically proven pancreatic ductal adenocarcinoma (PDAC), one of
the most lethal cancers with an overall survival at 5 years as low as 5% in the USA (8). We
focused on a single type of cancer because of the lack of literature regarding second opinion
imaging review of this cancer and because pancreatic cancer treatment is heavily dependent
on staging which has a pivotal role in deciding the management of patients with PDAC.
Additionally, a significant difference in short- and long-term outcomes has been noted when
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a pancreatectomy is performed at high-volume PDAC treatment centers (9, 10). Many
reasons can account for this better long-term outcome, it might be related to better surgeon
skills as well as to the fact that subspecialized radiologists might provide better assessment
of tumors in high volume cancer centers. Lastly, general radiologists who often stage this
type of cancer may not have the adequate expertise for interpreting all the different imaging
patterns which pancreatic cancer can present on cross-sectional imaging, particularly when
related with vascular involvement by the tumor (abutment, encasement, vessel deformity and
venous teardrop deformity) (11-13). Pancreatic cancers are approached by surgeons with a
three ways decision model: resectable, borderline resectable, unresectable (14). According to
TNM stage, stage | and Il are resectable by definition since the tumor is confined within the
pancreas. Stage IV is unresectable since it is characterized by distal metastases. Stage Il is
the most susceptible to radiologic interpretation mistakes, and it is defined as localized
tumor with involvement of a major artery: celiac trunk, common hepatic artery and superior
mesenteric artery (SMA). It is further divided into two categories - locally advanced
unresectable and borderline resectable. A borderline resectable tumor is defined by a contact
between the tumor and the arterial circumference of no more than 180°. However, this
definition of borderline resectable is not universally accepted and it might change among
institutions, depending on the vessel involved, surgical skills and experience and also on
patient status(15). When the tumor surrounds the arterial circumference for more than 180°,
the vessel is considered encased and the tumor unresectable(16).

The aim of our study was to determine the clinical impact of second opinion assessment of
outside magnetic resonance imaging (MRI) and computed tomography (CT) scans
performed by oncologic imaging subspecialized radiologists at our institution, in a
population with biopsy-proven PDAC. We compared differences in disease local staging and
recommendations in patient management due to the different radiology reports.

Materials and Methods

This single-institution, retrospective study was eligible for a waiver of informed consent
according to our institutional review board policy. In this study, we will refer to the outside
institution radiologist reports as outside reports, and to our institution’s radiologist reports as
second opinion reports. Two junior radiologists (initials blinded for review) with four years
of experience respectively and who did not participate in the second opinion assessments
independently re-reviewed all outside and second opinion reports, unblinded to the origin of
each report, images of the examinations, and patient identifier. They organized the data
collection and the database, coordinated the questionnaire filling and kept track of clinical
data and follow-ups.

Inclusion criteria

A retrospective search of our institutional database was performed between January 1, 2009,
and December 31, 2015. Our insitutional Picture Archiving and Communication System
(PACS, GE Centricity PACS, GE Healthcare, Chicago, Illinois, USA) was used to search the
radiology reports of all examinations submitted for second opinion reports. The results of
this query were combined with the results of a query in the pathology department database
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giving as results all the biopsy-proven PDACs found in the aforementioned time-frame. The
inclusion criteria included the following: biopsy-proven diagnosis of PDAC; abdominal MRI
or contrast-enhanced CT performed and interpreted at an outside institution specifically for
pancreatic cancer local staging; second opinion interpretation documented in an official
report issued by an oncologic imaging subspecialized board-certified radiologist; second
opinion report assessment performed between January 1, 2009 and December 31, 2015; and
histopathology or = 6 months of follow-up imaging after the second opinion report.
Exclusion criteria were: patients who were referred to our hospital for a second opinion
consultation but were treated at another institution; and patients who started chemotherapy
before the second opinion reports. A total of 307 patients had either MRI or CT studies
performed at an outside institution and re-interpreted at our institution in the timeframe
selected (Figure 1). For this study, we considered only second opinion report assessments
performed between January 1, 2009, and December 31, 2013. Thus, a total of 86 patients
were included. To ensure that the second opinion reports did not benefit from extra clinical
information, we excluded 15 patients with extra examinations (biopsy, surgery, or additional
diagnostic imaging tests) obtained in between the outside report and second opinion
interpretation. An additional 6 patients were excluded for lack of follow up information. The
final study population consisted of 65 patients (Table 1).

Second opinion assessment

Within the study timeframe, a total of 20 different board-certified radiologists with
subspecialized expertise in oncologic diagnostic imaging reassessed outside imaging studies,
providing second opinion reports that were submitted to surgeons. All studies were digitized
into a PACS and reviewed using GE Centricity software (GE Healthcare, Chicago, Illinois,
USA). Radiologists had the option of looking at the outside reports during the second
opinion assessment as provided for by our institution’s policies.

Retrospective data interpretation

Two highly experienced board-certified oncologic surgeons, both members of our
institution’s hepatobiliary cancer DMT, independently re-reviewed both outside and second
opinion reports for all cases, blinded to the origin of each report, images of the
examinations, and patient identifier. The reports for all patients were unpaired and presented
at random to reduce the bias that may occur upon recognizing the report as either an outside
or second opinion report. The reports were submitted to the surgeons, who reviewed all the
cases within a timeframe of 4 months. Every surgeon was provided with the outside report
and the paired second opinion report with several weeks of time interval between the
submissions, in order to reduce recognizability of the specific cases. For each report, the
surgeons filled in a questionnaire (illustrated in Table 2) provided by two junior radiologists
who are described below. On this questionnaire, by referring solely to the report, the
surgeons evaluated the clinical stage according to the recent TNM staging system, version
7(17, 18); made a recommendation for patient management; and graded the clarity of the
report on a scale from 1 to 5, with “grade 1” being poor, “grade 2" being fair, “grade 3”
being average, “grade 4” being good, and “grade 5” being excellent. The grade measured
how easily and accurately the surgeons could extract the information needed for proper
staging and patient management recommendation.
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Two junior radiologists (initials blinded for review) with four years of experience
respectively and who did not participate in the second opinion assessments independently re-
reviewed all outside and second opinion reports, unblinded to the origin of each report,
images of the examinations, and patient identifier. Any additional clinical information
regarding patient management or staging from subsequent treatments or follow ups for each
patient was noted. Specifically, as patient management was the primary outcome of the
study, it was noted whether management proposed by the two surgeons based on each report
concurred with the reference standard of actual management after 6 months following
second opinion review. Secondarily, to determine staging for each case using the best
reference standard available, all patient clinical, pathological, and imaging data after the
time of the second opinion assessment, as well as clinical and imaging follow-up at 6
months or longer were reviewed.

Statistical analysis

Results

Confidence intervals (CIs) were used to evaluate the theoretical change in patient
management for each surgeon as well as combined. Cls were estimated using the Wilson
score interval with continuity correction (19). To assess the level of agreement regarding
patient management recommendations made by the two surgeons, Cohen’s kappa statistic
(x) was used for recommendations made based on outside and second opinion reports,
respectively. The kappa statistic was interpreted as follows: Poor agreement, x < 0.20; fair
agreement, x = 0.20 to 0.40; moderate agreement, x = 0.40 to 0.60; good agreement, x =
0.60 to 0.80; and very good agreement, x = 0.80 to 1.00. Weighted kappa with squared
weights was used to assess the agreement between patient management recommendations
made by the surgeons and actual patient management at 6 months following second opinion
assessment, for both outside and second opinion reports, respectively. Additionally, to
determine whether there were differences in surgeon ratings of outside and second opinion
reports, mean ratings were compared using a paired samples t-test and the significance level
was set at p value < 0.01. SPSS for Windows (IBM Corp. Released 2013. IBM, Version
22.0. Armonk, NY: IBM Corp) was used to perform all statistical computations.

Sixty-five patients (26 women and 39 men) were included in the study, with an average age
of 65.6 (range, 37 to 82) years. Fifty-one patients had a CT scan from an outside institution,
whereas 14 had an MR scan (Table 1).

Review by surgeons — combined results

For 32 of 65 patients (49.2 %; 95% CI: 37.4-61.0), discrepancies in recommended patient
management between outside and second opinion reports were reported by at least one of
the oncologic surgeons, thus theoretically leading to a change in patient management for
each of these cases.

Outside reports were considered insufficient, leading to the recommendation for additional
imaging scans for at least one of the two surgeons, in 30 cases (46,1%; 95% CI: 34,5-58,1);
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second opinion reports led to recommendation for additional imaging scans in 5 cases
(7,6%; 95% CI: 3,3-16,7).

Review by surgeons — individual results

Both surgeons asked more additional examinations when basing their interpretations on
outside reports, rather than on second reader reports (Table 3).

Surgeon 1 would have theoretically not changed patient management in 44 of 65 cases
(67,6%; 95%CI: 55,6-77,9) after reading either of the reports; however, in 21 cases (32,3%;
95%Cl: 22,2-44,3), surgeon 1 would have theoretically changed patient management (Table
4). Surgeon 2 would have theoretically not changed patient management in 52 out of 65
cases (80%; 95%CI: 68,7-87,9) after reading either of the reports; however, in 13 cases
(20%; 95%CI: 12,1-21,2), surgeon 2 would have theoretically changed patient management
(Table 4).

For each surgeon, patient management proposed based on outside reports had moderate
agreement with actual patient management at 6 months following outside reports assessment
(Table 5): weighted x = 0.426 (0,2489-0,6031) for surgeon 1 and weighted x = 0.4136
(0,2149-0,6129) for surgeon 2, respectively. Meanwhile, there was good agreement between
patient management proposed based on second opinion reports and actual management at 6
months following second opinion assessment (Table 5): weighted x = 0.6467 (0.4014—
0.892) for surgeon 1 and weighted x« = 0.6262 (0.3954-0.857) for surgeon 2.

Both surgeons expressed their appreciation for both outside and second opinion reports on a
scale from 1 (poor appreciation) to 5 (excellent appreciation). There was a significant
difference (p < 0.01) for the rating average of surgeon 1, who graded the outside reports with
an average of 2.11 out of 5, and the second opinion reports with an average of 3.14 out of 5
(t=8.587274; p< 0.00001). There was a significant difference (p < 0.01) for the rating
average of surgeon 2, who graded the outside reports with an average of 2.46 out of 5, and
the second opinion reports with an average of 3.93 out of 5 (t=16.783127; p< 0.00001).

Discussion

PDAC is the fourth most frequent cause of cancer-related mortality (20). Unlike many other
types of cancers, the prognosis of PDAC is still unfavorable with a five-year survival less
than 5% (21). Thus, PDAC remains one of the biggest oncologic challenges today (22).
Imaging plays an important role in the care of patients with PDAC, contributing to its initial
diagnosis, determination of disease extent locally and systemically, treatment selection, and
disease follow-up (23-26). However, the added value of radiology subspecialist review of
scans of patients with PDAC is unknown. To our knowledge, the added value of sub
specialization opinion in PDAC evaluation has been recently demonstrated for pathologists,
and not for radiologists (27). For this reason, we analyzed the impact of subspecialized
oncologic radiologists’ opinion on patient management in a population of patients with
PDAC. Determining the value of subspecialist second opinion of outside imaging
examinations is an important issue, particularly when considering the costs of these
assessments: unlike many other specialties, radiologists are often asked to review outside
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scans “informally” and give their opinion without having any reimbursement. It is also
important considering the allocation of limited personnel and resources needed to perform
these second opinion reviews. And for PDAC in particular, it is important to note that around
20% of diagnosed cancers can be surgically resected, but even in patients with resectable
disease, the survival rate at 5 years is less than 30% (20). Other studies have already shown
how re-performing scans in a high-volume center can lead to increased short- and long-term
survival rates (28). Nevertheless, this approach could lead to increased health costs,
resources, and in the case of CT scans, radiation exposure.

CT and MRI have the same accuracy and the similar positive and negative predictive values
for PDAC (29). For this reason, we included outside and second opinion reports of both in
this study wherein two oncologic surgeons retrospectively recommended patient
management blinded to the origin of the report (whether it is an outside or second opinion
report) and without any other accompanying clinical or imaging data. Our study found that
having second opinion readings of CT and MRI examinations would lead to a significant
change in patient management for each surgeon and both surgeons combined. In our study
of 65 CT and MRI examinations, recommended patient management was changed in 21/65
(32,3%) cases according to surgeon 1 and 13/65 (20%) cases according to surgeon 2.

Our study found that, importantly, when assessing the agreement of the proposed patient
management against the reference standard (actual patient management at 6 months), patient
management based on the second opinion report had a significantly higher agreement
(weighted «) than that of the outside report. Additionally, both surgeons had higher
appreciation grades for second opinion reports issued by our institution’s subspecialized
radiologists. Surgeons also indicated that they would request fewer additional scans after
reading the second opinion reports (7.6% vs 46.1% of cases) compared with outside reports.

Overall, our results indicate higher levels of clarity and completeness of the second opinion
reports provided by subspecialized radiologists compared with outside reports provided by
general radiologists. Second opinion assessments may also lead to higher confidence of
surgeons to make decisions regarding patient management and perform surgical operations,
as suggested by the growing demand for second opinion assessments at our institution.
Ultimately, the difference between the higher quality second opinion assessments and
outside assessments could potentially lead to an important reduction in terms of health costs.
A further step would be to evaluate the impact of second opinion assessments and survival
outcome.

Our study had several limitations. First, this was a retrospective study, potentially leading to
several selection biases: only imaging scans for which clinicians requested second opinion
review were included; it is possible that differences between second opinion and outside
reports would have been less apparent if all outside imaging scans were considered; the time
interval between diagnosis and imaging was not defined. Secondly, surgeons were asked to
recommend patient management only based on each report, whereas in clinical settings this
decision is made based on many other different factors such as clinical data, overall patient
status, patient opinion, etc. Furthermore, results could have been affected by institutional
bias: surgical decisions at our institution typically involve interpretation of subspecialized
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radiologists at our institution and the surgeons could have developed familiarity with the
type of interpretation given by subspecialized radiologists and recognized which reports
were outside reports and which were second opinion. Specifically, despite unpairing and
randomizing outside and second opinion reports, the graphic format of them was not
changed, making them easier to be recognized by surgeons. Furthermore, our institution
reports were only in form of structured reports, as provided by our radiology department
policy, whereas outside institution were mostly in an unstructured form, probably making
second opinion reports easier to be recognized by surgeons. However, regardless the fact that
surgeons recognized or not the origin of the reports, this should have not biased the
evaluation whether relevant information was present or not. On the other hand, the structured
format versus the freestyle narrative reporting format, despite increasing bias and
recognizability, might also be a reason why the appreciation for our institution second
opinion reports was higher, in line with existent literature on this topic(30, 31). As
concluded by Brook et al. (31) structured reporting of CT performed in pancreatic cancers
provides superior evaluation the tumor extension and facilitates surgical planning making
surgeons more confident taking decisions about tumor resectability.

An important difference between our study and other second opinion studies in other types
of cancers (5, 32, 33) is the advanced stage in which most pancreatic carcinomas are
diagnosed. Our study confirmed this trend: most of the patients presented to our attention at
stage IV, with distant metastatic disease. There is higher agreement between radiologists if a
distant metastasis is present, since the most difficult assessment is local tumor staging (T of
the TNM staging) (16, 34). As we discussed in the introduction the differentiation between
stage 11 borderline resectable and locally advanced unresectable is the crucial part of the
radiologic assessment of this stage, as shown in Figure 2 and 3 where the differences
between outside reports and second opinion reports were exclusively based on the different
interpretations of vascular involvement.

In conclusion, our results indicate that second opinion review by subspecialized oncology
radiologists can impact patient care, specifically in terms of management decision. Our
findings support the notion that subspecialty radiological training and subspecialty expertise
influence patient care in the setting of multidisciplinary, disease-specific, team-based
medicine. Moreover, second opinion consultations should be viewed as a valuable and
reimbursable clinical service within the field of radiology.
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Narnber of second opirron reports

Figure 1.
Chart showing the increasing number of MRI and CT scans in patients with biopsy-proven

adenocarcinoma, for which an official second opinion report was requested for at our
institution, per year, from 2009 to 2015.
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Figure 2.
Contrast CT of the abdomen, portal-venous phase. A, B: axial images; C: coronal

reconstruction; D: Sagittal reconstruction. A pancreatic tumor is noted (white arrows in A,
B, C, D) with peripancreatic fat infiltration, abuttment of portal vein at the spleno-
mesenteric confluence (black arrow in C) and superior mesenteric vein encasement and
narrowing (arrowhead in D). No significant artery involvement was described on outside
report (T3, stage I1a). Second opinion report described the tumor encasement of the superior
mesenteric artery (white arrowhead) changing thus the management of the patient (T4, stage
I11, unresectable).
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Figure 3.
A: axial CT pancreatic phase shows an isointense pancreatic body tumor, subtly visible in

this scan and an encasement of splenic artery B: sagittal CT pancreatic phase at superior
mesenteric artery and celiac axis level. C: axial MR, spoiled Gradient echo fat-sat pre-
contrast D: axial MR, spoiled Gradient echo fat-sat post-contrast pancreatic-phase. The
pancreatic head tumor is well depicted in T1 pre-contrast and post contrast images (white
arrows in B and C), with a dilatation of the pancreatic duct (white arrowheads). There is
mild hyperattenuating tissue surrounding the superior mesenteric artery and the celiac axis
(white ellipses in A and C). This was reported as encasement of these arteries by the tumor
on the outside report, interpreted by the surgeons as unresectable disease, and as
inflammatory tissue on the second opinion report, interpreted by the surgeons as borderline
resectable disease. The patient underwent neoadjuvant chemotherapy and was successfully
resected.
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Table 1

Population characteristics and inclusion criteria. CT: computed tomography, MRI: magnetic resonance

imaging, n: number

Population characteristics and patient selection n=
Total number of patients after database search 307
Number of patients in the timeframe considered (01/2009-12/2013) 86
Patients excluded because of extra clinical information available (e.g. surgery performed before the study started) 15
Patients excluded because of lack of follow-up 6
Final number of patient considered (M:F) 65 (39:26)
Total number of CT exams 51
Total number of MRI exams 14
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Table 3

Results of questionnaire filled in by surgeons, question 1: number of further imaging scans examinations asked
by surgeons based on the reports (percentage and 95% confidence interval -Cl-)

Surgeon 1 Surgeon 2

No further imaging scans asked based on the reports ~ 27/65 (41,5% CI: 29.6-54-4)  27/65 (41,5% CI: 29.6-54-4)

More imaging asked based on outside reports. 21/65 (32,3% Cl: 22.2-44,3)  9/65 (13,8% ClI:7,4-24,2)
More imaging asked based on second reader reports  3/65 (4,6% CI: 1,5-12,7) 2/65 (3% CI:0,8-10,5)
More imaging asked for both reports 14/65 (21,5% ClI: 13,2-32,9)  3/65 (4,6% Cl:1,5-12,7)
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Table 4

This table shows how surgeons changed the management of the patients after reading second opinion reports,
compared with what proposed after reading outside reports: number of cases (percentage and 95% confidence
interval -CI-).

Surgeon 1 Surgeon 2
Concordance between outside and second reader reports 44/65 (67,6% Cl: 55,6-77.9)  52/65 (80% CI: 68,7-87,9)
Change of therapy: from surgery to chemotherapy 15/65 (23,1% CI: 14,5-34,6)  6/65 (9,2% CI: 0,4-18,7)
Change of therapy: from chemotherapy to surgery 0/65 (0% CI: 0-0,58) 4/65 (6,1% Cl: 2,4-14,7)
Change of therapy: from neoadjuvant chemotherapy to chemotherapy  5/65 (7% Cl: 3,3-16,6) 1/65 (1,5% CI:0,2-8,2)
Change of therapy: from chemotherapy to neoadjuvant chemotherapy  1/65 (1,5% CI: 0,2-8,2) 2/65 (3% CI: 0,8-10,5)
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